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Preface

This book is intended primarily for graduate students and postdocs interested

in academic careers in science and engineering. It should also beof interest to

college juniors or seniors considering graduate school in one of these fields. In

addition, I hopeprofessional scientists and engineers in government and industry

who are contemplating a return to academia as professors will profit from the

material. The book should also be of benefitto beginning faculty, and to all fac

ulty and administrators in a position to encourage and support thoseinterested in

becoming professors.

Schools of science andengineering produce a number of "products" of value
to society. The first is graduates at the bachelor's, master's, and, in certain cases,

doctoral level. The second is courses that can be taken in one formor another by

industry employees. The thirdis all forms of scholarship including basicresearch,
the integration and application of knowledge, and the development of new cours

es and methods of instruction. The key to all three of these products is a fourth
product, professors, whom we want to be well prepared, highly motivated, and
strongly supported.

There are approximately 1500four-year institutions of higher education in
the United StatesandCanada. Virtually all newfaculty hiresat these institutions,
particularly at the assistant professorship level,have doctorate degrees. Of these
1500 institutions, approximately 250, or 17%, offer doctorates in one or more

fields of science or engineering. These schools also employ approximately 55%

of the total number of professors at four-year institutions. Thus, while the "pro

ducers" of Ph.D.s are also the "buyers" of Ph.D.s, the remaining 1250 schools

also hire a significant number of Ph.D.s as professors. Of theseschools, approx

imately 700 grant both bachelor's and master's degrees, while approximately

550 are liberal arts schools primarily offering four-year degrees.

This book represents a new way to help individuals prepare for, find, and

succeed at careers as science or engineering professors. It derives from a course

I teach at Stanford University. It also builds on my background as an engineer
in industry and as a directorof a nonprofit scientific and educational society. It

xiii



xiv Preface

further profits from my experiences as a college professor, career counselor,

associate dean, and executive director of two Stanford University research cen

ters with extensive relationships among graduate students, faculty, government,

and industry.

I have taughtat a variety of schoolsin the UnitedStatesand Canada, includ

ing community colleges, institutions offering bachelor's and master's degrees,

and those schools with a strong emphasis on research and the granting of doc

torate degrees. Yet, as I began writing this book, it became obvious to me that I

needed further information about both the schools students attended for their

doctorates, as well as the other nondoctorate-granting institutions where many

wished to go to pursuean academic career.

As a consequence, I identified as sources of morein-depth information seven

sample schools in the United States and Canada covering the spectrum of institu

tions of interest to most future science and engineering professors. These schools

are representative of the four majorcategories of four-year institutions defined by

the Carnegie Foundation for the Advancement of Teaching. The schools and their

classifications are: Bucknell University in Lewisburg, PA(Private Baccalaureate),

Memorial University of Newfoundland in S1. John's, Nfld. (Public Doctorate), the

University of Michigan in Ann Arbor, MI (Public Research), the Rochester

Institute of Technology in Rochester, NY (Private Master's), San Jose State

University in SanJose,CA(Public Master's), Stanford University in Stanford, CA

(Private Research), andtheUniversity of NewOrleans in NewOrleans, LA(Public
Doctorate).

During a three-year period, I also talked at length withover 70 faculty, grad

uatestudents, andpostdocs at some20 additional institutions in all fields of science
and engineering. Their comments and insights have proved invaluable. Indeed,

quotes from most of these individuals appear in the pages that follow. Thirty of
themare also the subjects of the vignettes appearing throughout the book.
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Introduction

We begin by setting the stage in Part I for the more specific work to follow.

Chapter I, "The Academic Enterprise," is a look at the unique characteristics of

higher education. Graduate students and postdocs of course, have been part of

such enterprises for some time. Yet, most lack an accurate understanding of how

colleges or universities function, and the important ways in which they differ

from other organizations in society.

The place of science and engineering in academia is examined in Chapter 2,

"Science and Engineering in Higher Education." Here, we look at the similarities,

and more importantly, the differences among various science and engineering

departments and disciplines. We also discuss the prospects for cross-disciplinary

collaboration among these various fields.

Part I concludes with Chapter 3, "New Challenges for the Professoriate." It

begins by examining the significant forces currently impacting higher education.

These include the prospects of decreasing government funding, the changing

relationship between industry and academia, the increasing use of communica

tion and computational tools, the rising costs of doing research, and the greater

focus on interdisciplinary programs. We then discuss the implications the above

factors have for faculty scholarship and the preparation of tomorrow's professors

of science and engineering.

Part II,"Preparing for an Academic Career," begins with Chapter 4, "Your

Professional Preparation Strategy." Here, we explore the decision to pursue an

academic career, particularly in light of the current situation with respect to sup

ply and demand. We then outline a three-pronged preparation strategy to prepare

you for an academic career while maintaining your options for careers in gov

ernment and industry.

Chapter 5, "Research as a Graduate Student and Postdoc," looks at how to

apply the above strategy to the many research activities that you need to com

plete prior to becoming a professor. Some activities, such as choosing a research

topic and identifying an advisor, are required of all Ph.D. students and postdocs,

xvii



xviii Introduction

while others, such as wntmg proposals and supervising other researchers,

although not specifically required, will nevertheless put you ahead of most of

your competition in looking for academic, government, and industry positions.

Part II concludes with Chapter 6, "Teaching Experiences Prior to Becoming

a Professor." The chapter begins with a discussion of the benefits of acquiring

such experiences, followed by a look at some innovative ways to go beyond

teaching assistantships to developing and presenting lectures, conducting labora

tory sessions, and even teaching full courses at your own or another institution.

The chapter concludes with a discussion of the teaching portfolio, and how it can

be used to capture the successes of your teaching experiences for presentation to

potential employers.

How to find, and then get, the best possible academic position is the subject

of Part III. As the supply and demand for new assistant professorships in science

and engineering shift, anxiety among graduate students and postdocs about

obtaining an academic appointment increases. However, as will be seen in

Chapter 4, the situation is more complex, and in many instances more positive,

than recent headlines would suggest. At the very least, if you follow the strategy

discussed in Chapters 4-6, you are apt to be in a much more competitive posi

tion than many of your colleagues who have not done so.

It is important to keep in mind that finding "a" job is not the issue; finding

the "best" possible academic position, the right one for you and for the hiring

department and school, is the real goal. Detailed suggestions on how to do all of

the above are the subjects of Chapter 7-9.

Chapter 7, "Identifying the Possibilities," explains that in seeking an acade

mic position, it is essential for you to explore before you search. You need to

compare what is available (types of institutions, positions, and locations) with

what you need and want (capabilities, interests, and values). Only then will you

be in a position to search-apply for specific jobs.

Chapter 8, "Applying for Positions," is a detailed discussion of the job

search process. Here, we examine how new faculty positions are established,

what departments look for in new faculty, how to find out what is available, and

the time frame for academic openings in your field. We then discuss the prepa

ration of your application materials, including cover letters, curriculum vitae, and

letters of recommendation. Conferences, campus visits, and the all-important

academic job talk are looked at next. The chapter concludes with an examination

of jobs outside academia, and how you can accept one of them while keeping

your options open for a future academic position.

Chapter 9, "Getting the Results You Want," begins with a look at the nego

tiation process by examining in some detail the principles you need to use in

responding to academicjob offers. We then explore some of the special problems

faced by dual-career couples, in particular those in which both members are

seeking faculty positions. The chapter concludes by discussing what to do if you

did not receive an academicjob offer, or received one that is unacceptable to you.
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Your shiftfroma graduate studentor postdoc to beginning professor is going

to be exciting and dramatic. At such a time, the most valuable thing you could

probably do would be to ask a half dozen professors at the institution to which
you are going what they feel it takes to succeed as a beginning professor. If you

pick the right assistant, associate, and full professors, the advice you receive

couldbe invaluable. In Part IV, "Looking Aheadto Your FirstYears on the Job

Advice from the Field," we do the next best thing by capturing insights for suc

cess in five key areas from science and engineering professors across North

America. The five areasare: time management (Chapter 10),teaching and learn

ing (Chapter 11), research (Chapter 12),professional responsibility (Chapter 13),

and tenure (Chapter 14).

Eachchapter begins with an introduction, followed by four or five vignettes

on faculty who provide insights on the theme underdiscussion. These vignettes

are followed by a detailed, "InAddition" section describing othersources youcan

tum to for further information and understanding. The chapters conclude with a

section summarizing the main ideasfromboth the vignettes and the readings.

Whileyou can earnestly follow the suggestions described in Chapters 1-14,

unless academia does its share to support you, your success could be limited.

Changes are required to help graduate students and postdocs obtain meaningful

teaching experience, participate directly in the research development process,

obtain the best possible academic position, and then succeed in their chosen

careers as faculty. The book concludes with Chapter 15,"Insightson Academia:

Needed Changes." It suggests ways in which administrators and senior faculty

can provide an environment that will enable tomorrow's professors to prepare

for, find, and succeed at academic careers in scienceand engineering.
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CHAPTER 1

The Academic Enterprise

George P. Shultz, former u.S. secretary of state, of labor, and of treasury,

was also a senior officer in the Bechtel Corporation, and former dean of the
Business School at the University of Chicago. Heis ｣ ｵ ｲ ｲ ･ ｮ ｾ on the faculty at the
Stanford University Graduate School of Business. Shultz was asked recendy to
compare the three types of organizations in which he had spent so much time;
industry, government and academia. He replied, 'When I worked in industry I

had to be careful if I askedsomeone to do something because therewas a very
good chance they would do it. When I worked in government I didn't have that
problem. But at the university I very quickly came to understand that it was...

inappropriate to ask"[1].

Tongue-in-cheek as his comment may be, Shultz is hinting at something impor

tant about how colleges and universities differ from industry, government, labor

unions, churches, hospitals, and virtually every other institution in society.

Clark Kerr, president emeritus of the University of California, supports

Shultz's point in a more formal way by noting that [2]:

[American colleges and universities] have mostly been comparatively

privileged entities of tolerant societies exercising great self-restraint toward them.

And their principal participants-the faculties-have had more leeway to conduct

their lives according to their individual wishes than most other members of the mod

ern labor force-they have not viewed themselves, or been viewed by others, as

"employees." It has been a world of comparative institutional autonomy and com

parative individual academic freedom.

As a possible future professor, it is important for you to understand the

unique features of an institution in which you may spend the rest of your profes

sional life. We begin the development of such an understanding in this chapter,

first with a brief look at the evolution of higher education in North America. This

historical discussion is followed by an examination of the key characteristics of

3



4 Part I Setting the Stage

academia, including governance and decisionmaking. Someof the critical issues

currently facing all colleges and universities are examined next. A new concept

of scholarship originally proposed by Ernest Boyer, former president of the

CarnegieFoundation for the Advancement of Teaching, is then introduced. This

scholarship concept forms the basis for important discussions in the chapters to

follow. We then introduce seven sample schools representing the types of four

year institutions to whichmost scienceand engineering Ph.D.sand postdocs will

go as new professors. The chapter concludes with a vignette describing Ernest

Boyer's views on the role of scholarship in undergraduate education.

UNLIKE ANY OTHER INSTITUTION

With all the downsizing and restructuring taking place in higher education,

you might think colleges and universities are looking more, not less, like other

institutions. Hahnemann University in Philadelphia, PA is a case in point. The

Hahnemann administration recently threatened to fire any faculty member,

tenured or not, who is not able to attract research grants providing between 50

and 1000/0 of his or her salary. As Leonard L. Roos, dean of the Hahnemann

School of Medicine, put it, "If IBM expects that of its employees, why can't we

expect it of the academic community? It's a big business" [3].

Another industry-like characteristic, increasing demands for accountability

and productivity, has resulted in mandated minimum college and university
teaching loads in some states. Hawaii and Florida, for example, now require 12

hoursof classroominstruction per weekor the equivalentfor faculty in four-year

institutions [4].
On the other hand, industry has reduced its number of management levels,

put more decision making in the hands of those who actually do the "value
added" work, sought consensus across functions, and so on. Could it be that

private enterprise is taking on some of the characteristics long associated with

colleges and universities? Perhaps, but fundamental differences remain in the

culture, governance, mission, methods of generating income, employment

security, and accountability between academia and other organizations with

which we are familiar.

Historical Perspective

Before looking more closely at these differences, let us consider a little history.

Higher education in the United States and Canada began during the 17thcentu
ry as an outgrowth of both the medieval European universities and the British

universities of Oxford and Cambridge. In these so-called colonial colleges,

teaching was central. It was viewed, "... as a vocation-a sacredcalling-an act

of dedication honored as fully as the ministry" [5, Ch.l, p.4]. It was during this

time that the self-governing natureof universities developed, as well as the idea
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that universities were "communities of scholars" [6, p.3]. It was also during this

period that the notion of "Town and Gown" developed as a way of "separating"

scholars from the local lay population [6, pp.22-23].

The number of institutions and students remained small until the passage in

the United States in 1862 of the Morrill Act establishing land grant colleges and

universities. Through this act, every state was granted 30,000 acres of land for

each senator and representative it had in Congress. The land was then to be

sold and the proceeds invested to create and maintain institutions that were to

emphasize agriculture and mining (A&M) as a way to produce better educated

farmers and engineers. The universities of Arizona, California, Illinois, Texas,

and Washington are just a few such institutions formed during this period. The

late 19th century was a time when colleges were to provide "useful studies," and

when "going to college" was viewed as a way of "getting ahead." As one under

graduate put it in 1871, "A degree from Harvard is worth money in Chicago"

[6, p.29]. By the end of the century, 59 separate land grant colleges had been

established in 44 states under the Morrill Act [7]. Many of you have attended, are

now attending, or will eventually teach at such institutions.

A second significant advance occurred in the 1890s with the establishment

of research-oriented private universities such as Johns Hopkins, Chicago,

Cornell, and Stanford [8]. A further growth period occurred after World War I

with the passage of additional legislation and the involvement of state universities

in large-scale applied research.

However, the Golden Age of higher education was clearly the one during the

three decades following World War II. The 1950s and 1960s was a period of

unprecedented expansion, both in the size of existing institutions and the number

of new institutions. In the United States, it was a result of federally funded

research, an outgrowth of experiences at the Massachusetts Institute of

Technology's Lincoln Laboratory (radar) and the University of Chicago (atomic

bomb) during the war. Expansion was also due to the GI Bill and subsequent equal

opportunity funding initiatives, and the requirements of a labor force trained in

emerging engineering fields, particularly electronics and computers [2, p.22].

Historian John Thelin put it this way [9]:

By 1965 one could speak of an "academic revolution" in which American society

had come to rely on and accept the expertiseof collegesand universities, indicative

of an "information society"whosefoundation was a "knowledge industry." Student

enrollments had grown, both in actual numbers and as a proportion of total popula

tion, such that highereducation had been transformed from an elite to mass access.

During the period right after World War II to the early 1970s, the number of

college and university professors and students approximately tripled. The num

ber of institutions also grew, as did the number of graduate programs [10, p.229].

The most rapid growth in faculty occurred in the 1960s.
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Most of these faculty will soon retire, a fact clearly relevant to those of you

considering academic careers. You should be aware, however, that anticipated

increase in demand expected from such retirements will be at least partly offset

by advances in teaching productivity through instructional television and

computers, the increasing use of part-timefaculty, particularly at the community

college level, and the downsizing or even elimination of some departments. We

will discuss the supply and demand topic in greater detail in Chapter 4, "Your

Professional Preparation Strategy."

KEY CHARACTERISTICS

There are currently about 3600 (1600 public, 2000 private) accredited institu

tions of higher education in the United States, up from approximately 3400 in

1987, the last time a survey of such institutions was conducted by the Carnegie

Foundation for the Advancement of Teaching [II, p.A17]. These institutions

enroll approximately 14.5 million students and award slightly over two million

degrees, a quarter of which are in science and engineering [12, pp.2/6-2/10].

While there is considerable variation among fields, Ernest L. Boyer, the

Foundation's late president, points out that overall: "There is now more higher

education than ever in history... and predictions of decline are simply not sup

portedby the facts" [14].

A similargrowth patternexists in Canada.Current full and part-timeenroll
ment in higher education exceeds 870,000, up from 630,000 in 1980-1981 [13,
p.29]. Canada currently has 80 institutions offering bachelor's, master's, and

doctoratedegrees [13, pp.64--67].

The Carnegie Classification

The Carnegie Foundation for the Advancement of Teaching groups accredited

U.S. institutions into 11 categoriesbased largely on their mission. The categories

are: Research universities 1&11 (Res. 1&11), Doctoral universities 1&11 (Doc.

1&11), Master's (comprehensive) universities and colleges 1&11 (MA 1&11),

Baccalaureate (liberal arts) colleges 1&11 (BA 1&11), Associate of Arts colleges

(AA), Professional schools (Prof.), and specialized institutions (Spec.). (Note:

A new term, Metropolitan University, not formally part of the Carnegieclassifi

cation, has recently come into use among a number of Master's institutions located

in urbanareas.)Table I-I describes the basis for thesecategories. Institutions are

classified according to the highest level of degree they award, the number of

degrees conferred by discipline, and, in some cases, the amount of federal

research support they receive, and the selectivity of their admissions. Table 1.2

lists the numberof schoolsby Carnegieclassification. Figure 1-1 shows the pro

portion of institutions by category. Figure 1-2 summarizes the above informa-



The 1994 Carnegie Classification of Definitions for Four-Year Institutions

CLASS I CLASS II

Research Universities

Doctoral Universities

Master's (Comprehensive)
Colleges and Universities

Baccalaureate
(Uberal Arts) Colleges

These institutions offer a full range of baccalaureate
programs, are committed to graduate education
through the doctorate, and give high priority to
research. They award 50 or more doctorate degrees
each year. In addition, they receive annually $40
million or more in federal support.

These institutions offer a full range of baccalaureate
programs and are committed to graduate education
through the doctorate. They award at least 40
doctorate degrees annually in five or more disciplines.

These institutions offer a full range of baccalaureate
programs and are committed to graduate education
through the master's degree. They award 40 or more
master's degrees annually in three or more disciplines.

These institutions are primarily undergraduate colleges
with mojor emphasis on baccalaureate degree pro
grams. They award 40%or more of their baccalaure
ate degrees in liberal arts fields and are restrictive in
admissions.

These institutionsoffer a full range of baccalaureate
programs, are committed to graduate education
through the doctorate, and give high priority to

research. They award 50 or more doctorate degrees
each year. In addition, they receive annually between
$15.5 millionand $40 million in federal support.

These institutions offer a full range of baccalaureate
programs and are committed to graduate education
through the doctorate. They award annually at least
10 doctorate degrees-in three or more disciplines
or 20 or more doctorate degrees in one or more
disciplines.

These institutionsoffer a full range of baccalaureate
programs and are committed to graduate education
through the master's degree. They award 20 or more
master's degrees annually in three or more disciplines.

These institutionsare primarily undergraduate colleges
with mojor emphasis on baccalaureate degree pro
grams. They award fewer than 40% of their baccalau·
reate degrees in liberal arts fields or are less restrictive
in admissions.

...... Source: The Carnegie Foundation For the Advancement of Teaching, A Classification of Institutions of Higher Education, 1994 ed. Reprinted with permission.



Number of Colleges and Universities by Carnegie Classification, 1994

INSTITUTIONS

Doctorate-granting

Research I
Research II
Doctorate I
Doctorate II

Master's-granting

I'M I
I'M II

Baccalaureate-granting

BA I
BA II

Associate of Arts colleges

Professional schools and specialized institutions

Tribal colleges

Total

TOTAL

236

88

37
52
59

532

439
93

633

163
470

1,480

690

29

3,600

Source: Carnegie Foundation for theAdvancement ofTeaching, A Classification of Institutions

of Higher Education, 1994ed. Reprinted with permission.

Proportions of institutions by Carnegie Classification, 1994.

Nole: ｦ ｧ ｵ ｲ do notodd 10100 pe".n' becauseofrounding
T0101 : 3,600 Institutions

Source: The Carnegie Foundation for theAdvancement of Teaching
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tion, and also includes data on the enrollment of students and degrees granted.

(Note: The smalldifferences in institutional totalsbetween Table 1.2and Figure

1-2 are due to differences in reference dates.)

Canada does not use the Carnegie classification, although it is not that diffi
cult to "assign" Canadian schools to the Carnegie categories. Wewill refer to the

Carnegie classification oftenthroughout thisbook. It provides a convenient wayto

examine thecharacteristics ofcolleges anduniversities of interest to youas a future

science or engineering professor. While science and engineering teaching takes

place at almost all types of colleges and universities in the classification, we will

concentrate on those 1500 U.S. andCanadian schools offering fouror moreyears

of higher education, i.e.,Res. 1&11, Doc. 1&11, MA1&11, andBAI&II. Virtually all

of these schools require a doctorate degree of theirnewly hiredfaculty.

Where New Faculty Come From-Where New Faculty Go

TheAppendix lists all236U.S. doctorate-granting institutions. These schools award

approximately 41,000 doctorates peryear, withthetop35schools awarding 16,874,

or 41.5% of the total. It is from these schools thatessentially all U.S.-educated sci
enceandengineering faculty willcome, but it is certainly notwhere allof themwill

go. Of all the faculty at four-year institutions, approximately 55% are at Research

andDoctoral schools and45%are at Master's andBaccalaureate schools [14].

An interesting example of where faculty come from and where they go can

be found in my own academic neighborhood. Stanford University and the

University of California, Berkeley (UCB) are both Research I institutions. San

Jose State University is a Master's I institution. All are within 50 miles of each

other. Stanford has 221 full-time engineering faculty of which 109, or 49%,
received their Ph.D.s from either Stanford or UeB. Yet, at San Jose State
University with a total of 97 engineering faculty, 36, or 37%, are also from
Stanford or DCB.

Of course, some of you now attending Research universities as graduate
students and postdocs attended other types of schools as undergraduates. You
havebeenexposed to Master's and Baccalaureate schools, but probably at a time
when you were not yet considering an academic career. The key point in all of
the above is this:

Graduate students and postdocs preparing for academic careers must consider

not only the 250 or so schools from which new faculty come, and to which, of

course, a number return, but the other 1250 or so schools to which almost half

will go as new professors.

Teaching and Research Emphasis

The relative importance of teaching and research variesby typeof institution. As
will be discussed later, there is increasing talk about putting more emphasis on
all forms of scholarship, including teaching at research universities. However,
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U.S. higer education in 1993: students, institutions, and degrees.

. . . of which 501 ,000 are inS& E:

• 25,438 doctorates

• 86,425 mesler'sdegrees

• 336,035 bachelor'sdegrees

• 23,420essodote's degrees
119,995

/ 2,758,508 in126 restord!I& II institutions

1,312,678 in108 dOdorate-granting
I& II instilutions

3,192,958 in526master's universities and
I& II (olleges

1,068,477 in626baccolaureatecolleges I& II

5,502,014 in1,463 associate ofarts colleges

Source: The Science & Engineering Indicators, 1996

most of this talk comes from university presidents and deans, not from faculty.

As Boyer points out, "Almost all colleges pay lip service to the trilogy of

teaching, research, and service but when it comes to making judgments about

professional performance, the three are rarely assigned equal merit" [5, Ch.2,
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p.15].Whetheror not the institutional incentives and faculty rewardsystemscan

be restructured to bring about this change is a matter of much debate. We will

look more closely at such efforts at various points throughout this book.

While someResearch universities, in at least somedepartments, do an excel
lentjob of teaching undergraduates, generally speaking, moreemphasis on teach

ingoccurs in Master'sand Baccalaureate schools. Evidence for thisdifference can

be seen in how faculty fromeach type of school responded to questions about the

importance of teaching and research in the awarding of tenure at their institution.

Table 1.3 shows the percentage of faculty who replied "very important" in

responding to a series of questions on this subject. These results indicate that

research publications and grantsare perceived as muchmore important in tenure

decisions at Research and Doctorate-granting institutions, with the reversebeing

true with respectto teaching at Master's and Baccalaureate (liberalarts) schools.

There is a tendency among some academics to view the Carnegie

Classification as a hierarchy topped by selective liberal arts colleges and major

research universities. Boyerdiscounts this view, pointing out that theclassification

is not an attempt to build a pyramid in terms of quality. "It doesn't talk about

Impact of Teaching and Research on Tenure Decisions at Various Types of Colleges
and Unversities

Percentage of faculty whoanswered liveryimportant" to the
following questions, by typeof institution:

QUESTIONS RES. 1&11 DOC. 1&11 MASTER'S 1&11 L.A. 1&11

How important is the numberof

publications for granting tenure in
your department? 56 SS 30 8

How importantare research grants

received by the scholar for granting

tenure in your department? 40 3S 19 9

How importantare student evaluations

of courses taught in granting tenure in

your department? 10 9 37 4S

How importantare observations of teach-

ing by colleagues and/or administrators

for granting tenure in your department? 4 6 20 29

How importantare recommendations from

currentor former students for granting

tenure in your department? 3 6 13 30

Source: E. l. Boyer, Scholarship Reconsidered: Priorities of the Professoriate. Princeton, NJ:
The CarnegieFoundation for the Advancement of Teaching, 1990, Appendix A-National
Survey of Faculty, 1989. Reprinted with permission.
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quality, or hierarchy in terms of good or bad," he states. "It is not a measure of

creativity or innovation. It talks about the level of complexity of program. It

doesn't do more, and it shouldn't do more. It's a beginning point, not an end

point" [11, p.AI7].

Boyer's commentsnot withstanding, faculty at a numberof schoolsare feel

ing the pressure to help their institution "move up" in the Carnegie categories.

From 1987to 1994,there was a total of 433 categorychanges. Sixteen Research

II institutions shifted, all to the Research I category. Eighteen Doctoral institu

tions shifted, one to Research I, J6 to Research II, and one "down" to Doctoral

II. The shifts among MA1&11 and BA1&11 are not as easy to interpretsince what

is "up" and "down" is less clear in these categories [II, p.A20].

During the last seven years, the University of Alabama at Birmingham

moved "up" three steps from the Doctoral II category to the Research I category.

Commented Kenneth J. Rooren, executive vice president at Birmingham,

"We've been striving to get to the top... We didn't develop a strategy to become

a Research I institution, but we did develop a strategy to gain excellence and

breadth" [11, p.A17].

Recently, the University of California, Irvine, announced plans to "vault"

into the ranks of the top 30 research universities by expanding its presence in

biomedicine, the neurosciences, and related fields [15].

A more disparaging view of this situation was expressed by a faculty

member at a public institution in New York, who noted that her university had

gone from "state supported, to state assisted," and this had put tremendous
pressures on what was basically a teachinguniversity to raise indirectcost support

through research grants.

The teaching-research balance can also vary quite a bit among institutions

of the same type, and even within a specific institution. A professorof biology at

a large Master's I institution commented that her department has always had a

strong teaching emphasis because the senior professors who were hired in the

1960s, when teaching was the dominant activity, continued to hire like-minded

faculty in the 1970s and 1980s. She noted, however, that the Chemistry

Department chairman was a "V.C. wannabe," V.C. being the University of

California, and that his departmenthad a much stronger researchemphasis in its

retention, tenure, and promotion process.

The above examples raise a numberof important questions. What is actually

meant by excellenceand breadth?If more schools move "up" than "down," does

this mean that total research funding has increased?What does this imply about

future success if research support from the government decreases? Is there a

measurable trend toward better teaching, and if so, how does this relate to tenure

and promotion? We will look more closely at these questions in later chapters.

The point to be made here is that, as a future professor, it is important for you to

find out about the future goals, as well as the funding history, of an institutionor

department before accepting a position for which there might be quite different

expectationsand responsibilities two-five years down the road.
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GOVERNANCE AND DECISION MAKING

Organizational Structure

13

Although there is somevariation from one institution to the other, mostcolleges

and universities have similargovernance structures. As an example, considerthe

University of Arizona (Figure 1-3). The president, who reports to the Arizona

Boardof Regents, is thechiefexecutive officer, chiefspokesman, andchieffund

raiser for the university. The senior vice president for academic affairs and

provost is the chief academic officer. The senior vice president for business

affairs is the chief fiscal and operations officer for the university. Both report to

the president. The president and the senior vice president for academic affairs

and provost are both tenured faculty members. Four vicepresidents with respon

sibilities appropriate to their titles reportto the seniorvice president for academ

ic affairs and provost. They are the vice president for academic services and

undergraduate education, the vice president for institutional planning, the vice

president for research and graduate studies, and the vice president for student

affairs. Noneof thesefour mustbe tenured faculty members. The deansof the 11

colleges, all of whomare tenured professors, report to the senior vice president

for academic affairs and provost. The department chairs report to the various

deans, and the faculty report to the department chairs [16].

Figure 1-3 looks like the typical top-down organization chart you would

expect to find in most private sector companies. Such is not the case. In most

Research and Doctoral institutions, there is very little top-down governance and

control. The real power lies with the faculty, and decision making is from the
bottom up.

Gerhard Casper, president of Stanford University, explains the politics of
academia this way:

Many people think the universities are hierarchical because they have a president

with a fancy title, and three or four levels of professors, but they are not hierarchical.

Power comes from the bottom up. The most important decisions are those concerning

admissions, curriculum and faculty appointments, and these are areas where the

university president has almost no power. In most circumstances, I'm the man with

the pail and broom [17].

There is more top-down control at some master's and baccalaureate

institutions, yet even here, faculty usually have considerable decision-making

authority. Generally speaking, department chairs,deans,provosts, and presidents

have the powerto blocksomedecisions madeby the faculty, for example, those

concerning retention, tenure, and promotion. In certaincases, they can also real

locate resources such as space and faculty billets. They can also force cuts in
administrative and support services. However, for the mostpart, decisions about
curriculum, grading, and research policies are made by faculty committees.
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The organization of the University of Arizona.
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Deans of Eleven Colleges
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Arts &Science
Bus. &Pub. Admin.
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Eng. &Mines
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ｄ ［ ｾ ｾ Ｍ Ｍ ［ ｴ ｴ ｨ College of Engineering and Mines

Chairs of the Departments in (ollege of Engineering and Mines

Aerospace &Mechanical Eng.
Chemical Engineering
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Eledricol &Computer Eng.
Hydrology &Water Research
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Mining &Geological Eng.
Nuclear &Energy Eng.
Systems &Industrial Engineering
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Some of these committees operate at the department, or even subdepartment
level. Others operate at the school or college level, and still others, such as the

faculty senates, at the institution level. Some are technically advisory to the
chairs, deans, and provost, and can thus be overruled by these people, but most

are true decision-making bodies.

The Multiuniversity

Oneof the biggestchanges in highereducation governance over the last 30 years

has been the move from single-campus governance to large, complex, and

heterogeneous multicampus systems [18]. Such systems involve two or more

campuses witha singlestate-wide governing board. Three-fourths of all students

in public highereducation in the UnitedStates attend a multicampus university
[19, pp.358].

Thereare pluses and minuses to such organizations. On the one hand, state

wide governing boardscan often provide a broader, longer term perspective on

what is important to students acrossthe state.They maybe in a betterposition to

decide what to eliminate or preserve among the programs of the various

campuses. They shouldalso be able to playa role in fostering intercampus pro

grams. On the other hand, they can pose a threat to campus autonomy, and can

make faculty-shared governance more difficult. How these conflicting interests
will playout over the nextfew years is unclear. AsAmiZusman, coordinator for
academic affairs, Officeof the President, University of California System, notes
[19, pp.358-359]:

During the I990s, systemwide leadership (boards, administrators, and faculties)

will be particularly important in responding to an environment of continuing budget

constraints, demands for greater institutional accountability, questions of student

access, and other changing conditions... Whether systemwide leadership will be able

to exercise initiative is uncertain, however in light of both campus concerns for

autonomy and state demands for more direct control.

The Institution of Tenure

Nothing distinguishes academia fromotherorganizations in society moreclearly

than the institution of tenure. The 1940 Statement of Principles on Academic

Freedom and Tenure, draftedby the Association of American Colleges, sets out

the reasons for academic tenure this way [20]:

Tenure is a means to certain ends; specifically: (I) freedom of teaching and research

and of extramural activities and (2) a sufficient degree of economic security to make

the profession attractive to men and women of ability. Freedom and economic secu

rity, hence, tenure, are indispensable to the success of an institution in fulfilling its

obligations to its students and to society.
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This statement was drafted against the background of the Great Depression.

Today, you can hear arguments that tenure is no longer needed, and protection

against unwarranted firings is now accomplished through legislation applying to

employees of all institutions. Still others have argued that, in the parlance of

modem business and social language, tenure has enabled dysfunctional behavior

by allowing some tenure faculty to be shielded from accountability for their deci

sions and actions. Nevertheless, tenure is an institution "that professors around

the world take to be the prime guarantor of their freedom to seek and deliver

truth" [21]. Do not look for it to disappear soon. As Philip Altbach, professor of

higher education at Boston College, puts it, "The Professoriate sees tenure as one

of its most important perquisites and has defended it vigorously. Administrators

and policy makers have recognized the centrality of tenure to the self-concept of

the profession" [10, Ch.lO, p.237].

This being the case, tenure is something you will need to pay a great deal of

attention to in your first years as a new professor. We will look at tenure, and how

to improve your chances of getting it, in Part IV, "Looking Ahead to Your First

Years on the Job-Advice from the Field."

Power and Money

In a given college or university, power lies less with the consumers of resources

than with the providers of resources. This reality explains why the largest depart

ments are not always the most powerful, i.e., have the greatest prestige, are the

most listened to by other departments, and have the most faculty on university

wide committees.

Income enters academia from many sources: tuition, funding from state

legislators in the case of public institutions, the federal government for both

public and private institutions, interest on endowment, and donations from

alumni and friends. How resources flow into a college or university affects where

the institution puts its emphasis. As Gerald Salancik of Carnegie-Mellon

University points out, "Prestigious private universities are more likely than

prestigious public universities to have outstanding law and business schools, and

prestigious public universities are more likely to have outstanding engineering

and agricultural schools" [22, p.66]. As we noted earlier in this chapter, these

differences reflect the historical basis of these institutions. According to Salancik

[2, p.68]:

Private schools, lacking the subsidies of a state appropriation process, operate very

differently than public universities. They survive by accumulating endowment,

whichdependson their graduates' wealthand willingness to part with it as they age.

Not surprisingly, private schools pay a lot more attention to their undergraduates'

experiences. Theywanttheirstudents to leave withwarmfeelings andfondmemories.
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It has been found that high-level administrators, such as directorsof devel

opment, were more highly compensated in private colleges and universities,

where presumably their results were more valued, than in public colleges and

universities. The reversewas true for athletic directors [23].

Nevertheless, tuitionandendowment are almostneverenoughto balancethe

books. For example, at Stanford University, tuition, which now runs close to

$25,000per year, still coversonly half the University'sannualoperatingbudget.

As a consequence, doctorate granting institutions and, increasingly, other four

year institutions are relyingon research grants to help support the enterprise.

Grants from government and industry are, of course, designed to pay for

faculty and graduate student salaries, equipment, and travel associated with

doing research. However, this use is not the only reason such grants are sought.

Universities have an agreement with the U.S. federal government by which the

latter will fund both the direct and indirect costs of the research it chooses to

support. These costs include the obvious, such as portions of faculty salaries,

student research assistantships, laboratory fees, and travel to conferences to

presentpaperson the research. Theyalso involve an overhead amountfor indirect

costs, those costs that cannot be identified directly with a research activity, but

whichnevertheless contribute to its operation. These include the costsof libraries

to buy and house scientific journals, heating and lighting buildings that

researchers use,andevena portion of thecostsof roadsandotheruniversity main

tenance. Eachuniversity negotiates its indirectcost rate with the government. For

private universities, this can run as high as 50-60% of the direct costs of a

research grant.

The value of overhead funds is that they are discretionary, and can beused

by campus administrators to fund a variety of projects not directly related to a
specific research grant. As Jeffrey Pfeffer, professorof organizational behavior
at the Stanford Graduate Schoolof Business, puts it [24]:

The most precious resource in any organization is an incremental resource, not

already spoken for, that can then be used to solve the organization's current problems

-problems that are more difficult to address using the current resources because of

the conflict involved in reallocation.

Not surprisingly, Salancikand others have found that a department's power

is proportional to its contribution to the overheadpool. Indeed, they determined

that the major predictors of the differences between the power of departments

was the grant monies they each provided [22,p.68].

There is now some indication that the U.S. government may no longer fund

the full cost of doing sponsored research. With full-cost recovery, the university

did not really care what research faculty "chose" to do since the university

always had its costs covered. If full cost recovery is no longer the case, what

impact will it have on the research a university "chooses" to support? The
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Canadian government has also changed the way it funds provincial education,

and thischangeis having a significant impacton its collegesand universities. We

will discuss these and other factors in greater detail in Chapter 3, "New

Challenges for the Professoriate." We will also look much more closely at the

importance of such grants to beginning professors in Chapter5, "Research as a

Graduate Studentand Postdoc."

INSTITUTIONAL ISSUES

It is unlikely that you are hearing the term Golden Age on today's college and

university campuses. Higher education is currently facing unprecedented pres

sures and challenges. Here is just a brief list of some of the recent institutional

issues making headlines around the country [25]:

• Demands for multiculturalism in the curriculum

• Scrutiny of racially based undergraduate admissions quotas

• Attempts to control violence and hate crimeson campus

• Graduate student teaching assistants going on strike

• Increased prominence of university-industry partnerships and technology

transfer activities

• Occasional allegations of scientific misconduct/fraud

• The alleged mismanagement of indirect cost funds

• Dramatic consequences from massive budget cuts brought about by a

national economic downturn, and often accompanied by explicit "down

sizing" mandates from state legislatures

You can add to the above list anxiety about federal funding, increased

globalcompetition, and the currentdifficulties of graduate students and postdocs

in finding industry and academic positions. We see these consequences in
downsizing, outsourcing, and greater demands for accountability at all levelsof

highereducation. Everywhere there is a move to consolidate andfocus. Asone uni

versity president noted, "My university cando anything, but it can't do everything."
A computer science professor at a large Master's institution put it more

personally when he said:
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I've been asked to do four things: improve the quality of my teaching, teach more

students, and do it all in less time, and for less cost. I know how to do any three, if

I don't have to worry about the fourth. But I can't figure out how to do all four at

the same time.

In addition to the retrenchment and reallocation issuesnotedabove, colleges

and universities are facing a number of other-challenges. Studentbody composi

tions and expectations are changing. In general, students are more conservative

than they were 20 years ago, and they, and their parents, are demanding more

relevance in the curriculum and greaterattention to the quality of undergraduate

teaching. Thesedemands are particularly pertinent whencollegecosts rise at the

sametime students have difficulty in enrolling in required courses.

As the demands for improvement in undergraduate education increase, there

is increasing tension over the balance between teaching and research. As men

tionedabove, tenureand promotion, even at four-year colleges, still give greater

weight to research and publications than to teaching, particularly undergraduate

teaching. Thereare sometrends in the otherdirection, based in part on a call for

an expanded definition of scholarship discussed below. However, given the

financial rewards and institutional prestige that come with a greater research

emphasis, it is likely that tensions around the appropriate incentive and reward

systems in highereducation will only increase.

Of particular interestto you as a futureprofessor of science and engineering
are the significant changes taking place in the nature of science and engineering

research at colleges and universities. These include growing university-industry

collaborations, the commercialization of somescience and engineering research,

greatershifts toward directed and applied research, and the general movetoward
"big science" and"big engineering" projects involving millions andevenbillions
of dollars [19,p.352]. Theseprograms can provide a number of benefits, but also
create a number of potential problems. We will discuss this important topic in
more detail in Chapter2, "Scienceand Engineering in Higher Education," and
Chapter3, "New Challenges for the Professoriate."

Ironically, even at a time of turmoil, higher education in North America
remains the envy of the world. Nowhere else do as many people have as much

access to as high a quality of education as they do in the United States

and Canada. Furthermore, students from all over the world, particularly at the

graduate level,continue to apply to U.S. and Canadian institutions in significant

numbers [12, p.2/17], [13, p.6].

The number of students applying to graduate schools in the United States

and Canada raises the issue of supply and demand for Ph.D.s in science and

engineering and howuniversities should respond to it. As we will see in Chapter

4, "Your Personal Preparation Strategy," there is 'currently an oversupply of

Ph.D.s in a numberof science and engineering fields relative to full-time open
ings for such Ph.D.s in industry and academia. Should academia just let market
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forces take care of the problem? Should they continue their admissions policies,

but warn students of the possible nonavailability of some jobs? Should they

instead admit fewer students, eliminate or reduce foreign students, or downsize

their research programs? The answers are not clear. More importantly, as a

prospective science or engineering professor, what does all this mean to you?

Realism and market forces, combined with your passion for a particularoption,

are likely to determine what you do. In Chapter 4, we will outline a strategy to

help you prepare for whateverchoice you make.

A NEW LOOK AT SCHOLARSHIP

Undoubtedly, you have already heard much about the teaching and research

balancedebateat your current institution. One of the most important tasksas you

move towardyour first academic position is to determine whatkind of ratio best

suits your interests and capabilities. In doing so, you may want to identify insti

tutions, particularly in the Master's and Baccalaureate categories, where other

forms of scholarship are valued in addition to traditional research. In at least

some institutions, there is a move to place more valueon a larger range of activ

ities in the retention, tenure, and promotion process. Ernest Boyer has done the

most to articulate the need for such a move. As he noted in the Carnegie

Foundation for the Advancement of Teaching 1990 special report, Scholarship

Reconsidered: Priorities of the Professoriate [5, Ch.2, p.16]:

We believe the time has come to move beyond the tired old "teaching versus

research" debate and give the familiar and honorable term "scholarship" a broader,

more capacious meaning, one that brings legitimacy to the full scope of academic

work... Specifically,we conclude that the work of the professoriate might be thought

of as having four separate, yet overlapping, functions. These are: the scholarship of

discovery; the scholarship of integration; the scholarship of application; and the

scholarship of teaching.

The scholarship of discovery is what most of us think of as traditional

research. The scholarship of integration is work that makes connections across

disciplines, but is interdisciplinary, not just multidisciplinary. It is an attempt to

put specialties in a large context, and is in part a response to the demands of

industry which is increasingly dealing with problems not bounded by specific

disciplines. The application of knowledge involves service tied directly to a fac

ulty member's special field of knowledge, and includes such things as medical

service,servingclients in psychotherapy, working with industry on the designof

a new microprocessor, and testinga new softwareapplication in the local school

system. The scholarship of teaching, in the words of Boyer, "both educates

and entices future scholars... It means not only transmitting knowledge, but

transforming and extending it as well" [5, Ch.2, p.16].
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The relationship among the various forms of scholarship is circular, not

linear, as shown in Figure 1-4. Each form benefits from, and contributes to,

the other.

The scholarship model.

Boyernotes that the scholarship of teaching was emphasized in the colonial
college, the scholarship of application in the land grant institutions of the last
century, and that the scholarship of discovery, and to someextent integration, has

emerged in the post-World WarII university. He believes that with the diversity

found in today's institutions of higher education, it should be possible to more

fully promoteand reward all forms of scholarship.

This perspective is all very well,of course,but the real test is how this plays

out in the retention, promotion, and tenure process. In 1990, Boyer made the

following observation [5, Ch.2, p.28]:

Today at most four-year institutions, the requirements of tenureand promotion con

tinue to focus heavily on research and on articles published in journals, especially

those that are referred. Good teaching is expected, but it is often inadequately
assessed. Andthe category of "service,"whilegiventokenrecognition by mostcol

leges, is consistently underrated too.
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Today, however, particularly with better tools available for the assessment

of the various forms of scholarship, there is evidence of a movement, albeit a

modestone, towardthe acceptance of this broaderviewof scholarship [26],[27].

A numberof presidents of metropolitan universities (primarily Master's I and II

universities located in urban environments) have signed a declaration stating,

among other things, that the "creation, interpretation, dissemination, and appli

cation of knowledge are the fundamental functions of our universities," and that

faculty research must [28]:

seek and exploitopportunities for linking basic investigations withpractical applica

tion, and for creating synergistic interdisciplinary and multidisciplinary scholarly

partnerships for attacking complex metropolitan problems, whilemeeting the highest

scholarly standards of the academic community.

Not surprisingly, at Baccalaureate and Master's schools, the scholarship of

teaching and application is given greater weight in tenure decisions than at

Research and Doctoral schools. In a recent survey, 45% of the faculty at liberal

arts colleges and 37%of the faculty at Master's colleges ratedstudentevaluations

of coursestaughtas "very important" for granting tenurein theirdepartment. This

result compared with 10 and 19%, respectively, for faculty at Research and

Doctorate-granting institutions [5, Ch.2, p.30].

While certainly not common, one can point to examples where the scholar
ship of integration, application, or teaching made a difference with respect to

retention, promotion, and tenure for faculty at Research and Doctorate-granting

institutions. Nino Masnari in the Electrical Engineering Department at North
Carolina State University (scholarship of integration), David Kelly in the
Mechanical Engineering Department at Stanford University (scholarship of
application), and SusanMontgomery in the Chemical Engineering Department at

the University of Michigan (scholarship of teaching) are three specificexamples.

Whetheror not these examples will remain the exception, or whether they fore

tell of at least a modest trend in the broader scholarship direction, is something

we will discuss at greater length in the chapters to come.

SEVEN SAMPLE SCHOOLS

As noted in the introduction, over 70 faculty, graduate students, and postdocs

from a range of schools across North America have provided material for this

book. In addition to acquiring this broad input, I have examined, as sources of

more in-depthinformation, seven institutions representative of the four-year col

leges and universities in the Carnegie classification. The seven schools, which

are located across North America, are Bucknell University (BA I), Memorial
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University of Newfoundland (Doc. I), the University of Michigan (Res. I),

Rochester Institute of Technology (MA I), San Jose State University (MA I),

Stanford University (Res. I), and the University of New Orleans (Doc. II). Table

1.4 looks at the institutions by date of founding, type (public or private), loca

tion, and enrollment. There is at least one school from each of the four major

Carnegie classifications. One school has approximately 4000 students, four have

from 10,000 to 18,000 students, and two from 30,000 to 37,000 students. All

offer at least bachelor's degrees in engineering and in one or more of the natur

al sciences. Belowis a brief description of each school.

_ Seven sample sc:hook

Bucknell University

Memorial University of Newfoundland

Rochester Institute of Technology (R.I.T.)

SanJose StaleUniversity (SJ.S.U.)

Stanford University

University of Michigan

University of NewOrleans

Bucknell University (BA I)

lewisburg, PA, BA I, Private
Est. 1895, Enrollment: 3,696

St. John's, NRd., Doc. I, Public
Est. 1925, Enrollment: 17,500

Rochester, NY, MA. I, Private
Est. 1912, Enrollment: 13,004

SanJose, CA, MA. I, Public
Est. 1857, Enrollment: 26,000

Stanford, CA, Res. I, Private
Est.: 1891, Enrollment: 13,549

Ann Arbor, MI, Res. I, Public
Est. 1817, Enrollment: 36,288

New Orleans, LA, Doc. II, Public
Est. 1956, Enrollment: 16,000

Bucknell University is a private, loo-year-old baccalaureate institution of about

3600 students. It is located in Lewisburg, PA, 60 miles from Harrisburg.

According to the university catalog, Bucknell is [29]:

... a highly selective, primarily undergraduate institution offering a broad curriculum

of studies in the humanities, social sciences, and natural sciences, as well as profes

sional studies in engineering, education, and management. Bucknell benefits from

its focus on the liberal arts and the professions, its modest size, its location, and the
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largenumber of qualified applicants attracted by the competitive environment of the

private colleges along the East Coast.The University's primary responsibility is to

provide wide educational opportunities within a collegiate setting to a controlled

number of talented men and women.

According to Martin Ramirez, AssistantProfessorof Biology at Bucknell:

I like working in a smallliberal artscollege withstrongscience andengineering pro

grams. Butone problem faced by manyfaculty whohaveprofessional spouses is that

of finding careeropportunities for both of them in such a small, isolated location. I

knowsomefaculty wholivequitea distance from Lewisburg so thattheirspouses can

workin Harrisburg, or evenRochester.

Memorial University of Newfoundland (Doc. I)

Memorial University of Newfoundland (MUN), in S1. John's, NFLD, is a public

institution founded in 1925 as a memorial to those Newfoundlanders who died in

World WarI. Newfoundland wasa Britishcolonyuntil 1949, and MUNcontinues

to be influenced by British traditions. It is, however, a modem Canadian univer

sity, the largest in the Maritime provinces, with extensive undergraduate and

graduate programs in the natural sciences and in engineering andappliedsciences.

A particularly impressive MUN feature is found in the Ocean Engineering

Research Center (OERC) which serves as the focus of ocean engineering

research and teaching in Canada. MUN is the only university in Canada to offer

the bachelor's degree in naval architecture and the master's and Ph.D. in ocean

engineering. The Center's facilities include a 60-meter wave/tow tank and the
international class facilities of the Institute for MarineDynamics of the National

Research Councilof Canada [30].
NavalArchitecture Professor, Mahmood Haddara, describes MUN this way:

MUN has one of the best naval architecture departments in the world, and so it

seemed natural for me to want to come here. I particularly wanted to study ship

motion, and with all the workgoingon off-shore thesedays (platforms), this is the

perfectplace for me to teachand do research.

The University of Michigan, Ann Arbor (Res. I)

The University of Michigan, Ann Arbor, is a public institution of some 36,000

students founded in 1817. It offers undergraduate programs in theartsandsciences,

architecture, business administration, education, engineering, fine arts, natural

resources, nursing, professional studies, and military training. It has 12undergrad

uateand 18graduate schools. The College of Engineering, founded in 1853, is one

of the oldestin the United States. It established the nation's firstprograms in elec

trical engineering (1895), chemical engineering (1898), aeronautical engineering

(1914), nuclear engineering (1953), and computer engineering (1965) [31].
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Diann Brei, Assistant Professorof Mechanical Engineering, talks about her

time at the Universityof Michigan this way:

To me, it's like building a house. The first year, I made plans and acquired the

materials. The secondyear,I built the foundation. The thirdyear,I put up the frame,

and people began to see that it was going to be a very good house. Between the

third year and tenure, I plan to put up the walls, finish the house, and decorate.

Hopefully, peoplewill then say that for this town (my research area), this is one of

the best houses!

Rochester Institute of Technology (MA I)

The Rochester Institute of Technology (R.I.T.) is a private institution of about

13,000studentsfounded in 1829.It is located in Rochester, NY. Accordingto the

school's bulletin [32]:

R.I.T. offersprograms in science, computerscience,alliedhealth,engineering, busi

ness,hotel management, graphic arts and photography, as wellas the liberalarts and

includes the National Technical Institute for the Deaf. Most programs include a

cooperative education component whichprovides full-time workexperience to

complement classroom studies.

Explains Mark Hopkins, R.I.T. professorof electrical engineering:

A particularly interesting feature of R.I.T. is its close relationship with surrounding

industry. This relationship allowed me to spend eight years as a professor at R.I.T.
whilealso working as a seniorscientistat the nearby Xeroxresearch facility. There

is no questionin my mindthat this benefited both me and my students a great deal.

San JoseState University (MA I)

San Jose State University is the oldest (1857) school of what is now a 20-campus

CaliforniaState University system, the largest senior higher education system in

the United States. (It is not to be confused with the nine-campus University of

California system, associated with the University of California, Berkeley.) San

Jose State University enrolls about 26,000 regular studentsand another 30,000 in

its extendededucationprogram,the latter reachingout to the community(Silicon

Valley) with a variety of professional certificate programs and other educational

experiences. The University offersbaccalaureate and master's degreesand profes

sionalcredentials in more than 150 disciplines, including the professions, business,

social work, engineering, science, technology, education, social science, the

arts, and the humanities. It is located in San Jose, CA, about 40 miles south of
San Francisco [33].
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According to Sally Veregee, professorof biology:

My department tends to hire older people. By that, I mean assistant professors in

their middle, to even late 30s. We look for good postdoc or industrial experience

first. We've found it makesa real difference.

Stanford University (Res. I)

Stanford University is a private institution established in 1891 by Leland and

Jane Stanford in memory of their son, Leland, Jr., who died of typhoid fever in

Florence, Italy, in 1884. It enrolls approximately 6500 undergraduates, and a

similar number of graduate students, of which approximately 2300 are from

other countries. It offers a full range of bachelor's, master's, doctorate, and

professional degrees in over 70 fields across seven schools of business, earth

sciences, education, engineering, humanities and sciences, law, and medicine. It

is adjacent to PaloAlto, CA, about 25 miles north of San Jose [34].

George Springer, chairman of theAeronautics andAstronautics Department,

offers this comment:

From my faculty, I expect one-two conference presentations per year, three-four

journal papers everytwo yearsand at leastone seminal paperprior to tenure.

University of New Orleans (Doc. II)

The University of New Orleans was established in 1956 by the Louisiana

Legislature to bringpublic-supported highereducation to the state's largesturban
community. According to the university catalog [35]:

The University offersextensive learning experiences and academic training at both

the undergraduate and graduate levels to nearly 16,000 students in more than one

hundred degreeprograms. Over thirty-five thousand degreeshavebeenofferedsince

the firstgraduating class of 115 in 1962,nearlyone-quarter of whichare at the mas

ters or doctoral level. Programs of study are offeredthrough six academic colleges:

Business Administration, Education, Engineering, LiberalArts,Sciences and Urban

and PublicAffairs.

Norm Whitley, professor of mechanical engineering at V.N.O., referred to

his work this way:

I have been particularly interested not only in the teaching of ethics, but in the

ethics of teaching. I've been working with my colleagues on developing a code

of ethics that I think will have a real impact on how V.N.O. contributes to this

important issue.
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APloce for Scholarship in Undergraduote Education

Ourfirst vignette takes a cLoser Look at some of the views of Ernest Boyer

whose work on a new scholarship paradigm is having an important impact

on higher education. The vignette is based on his writings and on a speech

producedby the National Technological University and given in March 1995 to

the National Science Foundation sponsoredEngineering Faculty Forum at the

University ofMaryland in College Park, MD.

Ernest L. Boyer, late President of the Carnegie

Foundation for the Advancement of Teaching

The most urgent obligation higher learning now confronts is to reaffirm the

undergraduate experience in its full breadth and rediscover the essentialness of

teaching. This means making it possible for all students to become scholars

through thediscovery, the integration andapplication of knowledge-and through

thetransmission of knowledge, which willkeeptheflame of scholarship alive[36].

SosaysErnestL. Boyer, former chancellor of theStateUniversity of

New York, latepresident oftheCarnegie Foundation fortheAdvancement
of teaching, andauthor of thelandmark publication, Scholarship Reconsidered:

Priorities for the Professoriate. Boyerpassedaway in December 1995.

In a March 14, 1995 speech, Boyer suggestedthat his four-part notion
of scholarship may be a way to define the purposeof an undergraduate edu
cation [36].

Supposethat we tell every undergraduate that he or she is enteringthe worldof

scholarship, and that in so doing we bring the language of the professoriate and

the language of the freshman togetherright from the start by lettingthe student

knowwhatit meansto be a scholar. Wetell themthat it meanssomeone whodoes

discovery, someone who learns to integrate, someone who learns how to apply

theirknowledge and someone who knowshow to share what they've learned.

Through such an approach, undergraduates could, for example, begin
doing research projectswith seniorprofessors. In Boyer's words, "The stu
dent could learn what discovery is all about by startinga conversation with

faculty whentheyare a freshman, not whentheyare workingon theirPh.D."
Boyer believedthat the integration of knowledge can be placed in the

context of liberal learning or general education, and not just treated as

"somethingyou get out of the way."The scholarshipof application can be
a part of every undergraduate's experiencethroughsome type of field work
or service.It is importantthat such servicecomefrom a specificarea or spe

cialty,for as Boyersaid,"Don't confusedoing good withdoing scholarship,

importantas both may be." In other words, "To beconsideredscholarship,
service activities must be tied directly to one's special field of knowledge
and relate to, and flow directly out of, this professional activity"[5, p.22].
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Sharing, or the scholarship of teaching, would mean that students
wouldhave to regularly present their ideas in some formof open discourse.
After aIJ, commented Boyer [36]:

Onehundred yearsagoto get a degree youdidn't tum in greenstamps to thereg

istrar. You stood up and had a declamation and that's when you earned your

degree. You didn't get yourdegreeby stacking up units, butby showing thatyou

wereeducated enough to writea paper, standup and present it, and defend it in

anopendiscourse of sharing knowledge. Thatwasthetestof aneducated person.

Boyer understood that you may not be able to do that today, but he
suggestedthat studentsmightbe requiredto take a seniorseminarin groups
of 20 or so in which they developa paper and present it orally whileothers

critique it. It would be the final culmination of their sharingof knowledge,
or teaching. As he put it [36]:

It would be a fascinating way to rethinkwhat the undergraduate experience is

about.You can haveeverything in it that wehavetoday, butbydoingit this way

you wouldgive it a greaterpurpose. You'dhavea sharedcultureso thata senior

professor and an incoming freshman would have a common language about

discovering knowledge, integrating it, applying it, and sharing it.

Boyer, whose ideas on the broader notion of scholarship will

be referred to throughout this book, had a long and distinguished career in
education. He came to the Carnegie Foundation in 1979 after serving as
U.S. Commissioner of Education (under President Carter). In his seven
years as chancellor of the State University of New York, he oversaw the
operations of 64 campuses and 350,000 students. In 1990, he was named
Educator of the Year by U.S. News and World Report, and in 1994, he
received the Charles Frankel Prize in the Humanities, a Presidential cita
tion. Boyer had been named by three U.S. presidents-Nixon, Ford, and
Carter-to national commissions, and former Secretary of State George
Shultz appointed him to chair the State Department's National Overseas

SchoolsAdvisory Council. Boyerreceived his Ph.D. from the University of
Southern California, and was a postdoctoral fellow in medical audiology at

theUniversity of IowaHospital. Calledby many "an evangelist of education"

for his dedication to spreading ideas about teaching and learning, Ernest

Boyer will be long remembered and sorely missed [26].

SUMMARY

We began this chapter by pointing out that colleges and universities differ in

important ways from other institutions in society. We first looked briefly at the

historyof highereducation in NorthAmerica, and thenexaminedin greaterdetail
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some key characteristics of today's colleges and universities. We introduced the

Carnegie classification of higher education that divides most four-year institu

tionsintofourcategories: Research 1&11, Doctorate Granting 1&11, Master's1&11,

and Liberal Arts I&II. This classification formed the basis for a comparison of
schools alonga number of dimensions having to do withmission, typeof students,

and research and teaching emphasis.

An important difference between highereducation and the rest of society is

in its governance and decision making. We lookedat the "bottom-up" approach

to decision making and the powerful role faculty play in academia. Weexamined

some of the sources of powerin higher education, in particular the role of discre

tionary funding thatresults fromresearch contracts andgrants. Concerns aboutthe

balance between teaching andresearch has ledsomeschools toconsider newforms

of scholarship suchas those of integration, application, andteaching, in addition to

the more research-oriented scholarship of discovery.

Wethenexamined someof the criticalchallenges facing highereducation in

general. These challenges include significant restructuring brought about by

massive budget cuts, calls for greater relevance in the curriculum, demands

for increasing productivity, and the implications of greater university-industry
collaborations.

Finally, we introduced seven sample institutions representative of the vari

ous four-year colleges and universities in the Carnegie classification. Focused

discussions withfaculty at theseinstitutions willprovide a wayof comparing and

contrasting the rangeof schools of interestto futurescience andengineering pro

fessors. We concluded this chapter with our first vignette highlighting Ernest

Boyer's viewson the role of scholarship in undergraduate education.
In Chapter 2, we will look more closely at the place of science and engi

neering in academia, and the similarities and differences within, and among,
science and engineering departments. Although you will most likely accept a
position in a singledepartment, you willcertainly have to, and hopefully wantto,
work with colleagues in other science and/orengineering disciplines, as well as
somein completely different fields. You willbebothcompeting and cooperating
with these colleagues, and understanding how they think and operate will be
essential to your future success.

_ Doctorate-Granting Institutions

Research Universities I

Arizona State University

Boston University

Brown University

California ｉ ｮ ｳ ｴ ｾ ｵ ｴ of Technology

Carnegie MeDon University

Case Western Reserve University

Colorado Siote University

Columbia University

Cornel University

Duke University

Emory University

Florida State University
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Doctorate-Granting Institutions (Continued)

Georgetown University University of California at Berkeley University of Pinsburgh

Georgia Institute of Technology University of California at Davis
Pittslugh campus

Harvard University University of California atIrvine
University of Rochester

Howard University University of California at Los Angeles
University of Southern California

University of Tennessee
Indiana University at Bloomington University of California at Son Diego at Knoxville
Iowa State University University of California

University of Texas atAustin
Johns Hopkins University at Son Francisco*

University of Utah
Louisiana State University University of California

University of Virginiaand A&M College at Santo Barbaro

Massachusens Institute University of Chicago University of Washington

of Technology University of Cincinnati University of WISConsin at Madison

Michigan State University
main campus

Utah State University

New Mexico State University
University of Colorado at Boulder

Vanderbil1 University
main campus University of Connecticut

Virginia Commonwealth University
New York University University of Florida

Virginia Polytechnic Institute
North Carolina State University University of Georgia and State University
Northwestern University University of Hawaii atManoa Washington University

ｏ ｾ ｩ State University University of Illinois at Chicago Wayne State Universitymcun campus

Oregon Slate University University of Illinois West Virginia University

Pennsylvania Stale University
01 Urbana-Champaign Yale University

main campus University of Iowa
Yeshiva University

Princelon University University of Kansas

Purdue University
main campus

Research Universities II
main campus University of Kentucky

Rockefeller University* University of Maryland
Auburn University

RUlgers University at College Park Brandeis University

at New Brunswick University of Massochusens Brigham Young University

Stanford University ot Amherst Clemson University

State University of New York University of Miami George Washington University
at Buffalo University of Michigan Kansas State University
State University of New York 01 Ann Arbor

at Stony Brook University of Minnesota-Twin Cities
Kent State University
main campus

Temple University University of Missouri atColumbia Lehigh University
Texas A&M University University of Nebraska at Lincoln Mississippi State University
main campus

Tufts University
University of New Mexico Northeastern University
main campus

Ohio University
University of Alabama University of North Carolina main campus
in Birmingham at Chapel Hill

Oklohoma State University
University of Arizona University of Pennsylvania main campus
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Rensselaer Polytee:hnic Institute (atholk University of America atBabimore

Rice University Gty University of New York Graduate University of Memphis

Saint Louis University
School and University (enter University of Missouri

Southern Illinois University Garemont Graduate School atKansas Gty

at (arbondale Oark Atlanta University University of Missouri atRollo

State University of New York (ollege of William and Mary University of North (arolina
atAlbany Drexel University atGreensboro

Syracuse University East Texos State University University of North Texas
maitClJmpus

Texos Tech University Florida Institute of Technology University of Northern (olorado

Tulane University Fordham University University of Southern Mississippi

University of Arkansas Georgia State University University of Texos atArlington

main campus Hofstra University University of Texos atDallas

University of California atRiverside Illinois Insthute of Technology University of Toledo

University of California Illinois State University Western Michigan University

atSanta Cruz
Indiana University of Pennsylvania

University of Delaware
Loyola University of Chicago Doctoral Universities II

University of Houston
Marque"e University Baylor University

University of Idaho
Miami University Biola University

University of Mississippi
New School for Social Research Oark University

University of Notre Dome
Northern Arizona University Oarkson University

University of Oklahoma atNorman
Northern Illinois University Cleveland State University

University of Oregon
Novo University (olorado School of Mines

University of Rhode Island
Old Dominion University Dartmouth CoUege

University of South Carolina
Polytechnic University De Paul Universityat Columbia

University of South Aorida
Saint John's University (N.Y.) Duquesne University

University of Vermont
Southern Methodist University Florida Atlantic University

University of WISConsin
State University of New York Florida International University

atMilwaukee
atBinghamton

George Mason University

University of Wyoming
Teachers College of Columbia University

Hahnemann University

Washington State University
Texas Woman's University

Idaho State University
Union Institute

Indiana State University

Doctoral Universities I United States International
Indiana University-Purdue UniversityUniversity

Adelphi University
University of Akron

at IndianapotlS

American University main campus Lorna Undo University

Andrews University University of Alabama Louisiana Tem University

Boll State University University of Denver Michigan Technological University

Boston College University of Louisville Middle Tennessee State University

Bowling Green State University University of Maryland Montana State University
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DOdorate-Granting Institutions (Continued)

New Jersey Institute of Technology

North Dakota State University
moin campus

Pace University
New York campus

Pepperdine University

Portland State University

Rutgers University atNewark

Son Diego State University

Seanle University

Seton Hall University

State University of New York
College of Environmental Science
and Forestry

Stevens Institute of Technology

Tennessee State University

Texas Christian University

Texas Southern University

University of Alabama in Huntsville

University of Alaska atFairbanks

University of Central Florida

University of Colorado atDenver

University of Detroit Mercy

University of La Verne

University of Moine

University of Maryland
Bahimore County

University of Massochusetts
atLowell

University of Missouri atSaint Louis

University of Montano

University of Nevada atReno

University of New Hampshire

University of New Orleans

University of North Dakota
mainUlmpus

University of the Pacific

University of Puerto Rico
Rio"'asmmpus

University of Son Diego

University of Son Francisco

University of South Dakota

University of Southwestern Louisiana

University of Tulsa

Woke Forest University

WKhita State University

Worcester PolytechniC Institute

Wright State University
main campus

• Wkat.stiled • IIsti','. ,,'s

the att.. for ..........

C...;e Catepry_

Source: The Carnegie Foundation for theAdvancement of Teaching, "A Classification of
Institutions of Higher Learning," 199.4 edition. Reprinted with permission.
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CHAPTER 2

Science and Engineering

in Higher Education

Disciplines and departments are ranked into hierarchies, with the traditional

academic specialties in the arts and sciences along with medicine and, to some
extent law, at the top. The "hard" sciences tend to have more prestige than the

social sciences or humanities. Otherapplied fields, such as education and agri
culture, are considerably lower on thescale. These hierarchies are verymuch part

of the realities and perceptions of theacademic profession.

Philip Altbach, Professor of Higher Education,

Boston College [1]

Clark Kerr, president emeritus of the University of California, once joked that
universities consisted of hundreds of individual faculty united only by their
common desire to find a parking place. Faculty do indeed act more indepen
dently than other types of employees, as was pointed out in Chapter 1.

Nevertheless, how they think, and what they actually do, depends to a large

extent on the specific discipline to which they belong. Power and influence,

financial compensation, types of students, ease of publication, expenditures for

research and development, number of like-minded colleagues, and even agree

ment on what constitutes quality work in a given field can vary considerably

across departments within a collegeor university.

These factors are examined in Chapter 2, with particular attention to their

impacton science and engineering. Similarities and differences among science,

engineering, andotherdisciplines, suchas the humanities and socialsciences, are

37
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examined first. We then look in more detail at departments within science and

within engineering. This examination is followed by a discussion of the

prospects for cross-disciplinary collaboration among the variousfields. We then

return to the model of scholarship introduced in Chapter 1 with a look at differ

ences in its various forms across disciplines. The chapter concludes with a

vignette on the issues faced by a dean of science at a major master's-granting

institution.

COMPARISONS ACROSS THE INSTITUTION

Facultyassigndifferentlevelsof importance to theirdiscipline, theirdepartment,

and their collegeor university. In a recent survey, 77% of the faculty respondents

said their academic discipline was very important to them, while 53% said the

same thing about their department, and only 40% felt this way about their

college or university [2, Appendix Al. While faculty identify closely with their

discipline, an understanding of otherdisciplines is also important. As a prospective

faculty member, you need to considerthe following:

• Those outside your department and discipline will be your institutional

colleagues. You will share the same employer and higher level adminis

tration, many of the same resources, a numberof the same problems, and
at the undergraduate level at least, many of the same students.

• In manycases, interesting cross-disciplinary scholarship opportunities will
exist with colleagues in other departments and disciplines.

• You will compete with colleaguesoutside your department and discipline

for resources, influence, and attention.

• At times, you will find it is easier to learn from, confide in, and be

mentored by colleagues in other parts of your college and university.

For these, as well as other reasons, you will want to becomeknowledgeable

about the similarities and differences existing across the college or university

where you become a professor. In Chapter 4, "Your Professional Preparation

Strategy," we suggestwaysto begin acquiring this understanding by "practicing"

at the institution you now attend. In this chapter, we set the stage for this exam

ination by looking at the differences with respect to degree of development,

power and influence, type of graduate students, numberof postdocs, number of

faculty, financial compensation, ease of publication, and expenditures for

researchand development.
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Degree of Discipline Development

39

Disciplines and fields differ in their degree of development. This differential is

particularly evidentacross the natural and social sciences. "Hard" sciences such
as physics andchemistry are regarded as moredeveloped thanthe "soft" sciences

such as the political and social sciences [3]. In this context, "more developed"

means those disciplines having more evolved paradigms or shared theoretical

structures, and which in general share a greater level of consensus about

methods, whatconstitutes quality research, and courseprerequisites [4, p.106].

Sociologist StevenCole usessix measures to determine the degreeof devel

opmentof a scientific field. They are: (I) development of theory, (2) degree of

quantification of ideas, (3) degree of cognitive consensus, (4) level of theory

predictability, (5) rate at whichworkbecomes obsolete, and (6) rate of growth of

knowledge [4, p.IO?].

According to this scheme, physics, chemistry, and biochemistry are

relatively developed fields, geology, botany, and zoology are less developed,

whereas economics, sociology, anthropology, and political science are the least

developed [4, p.l06].

Coledoesmakea distinction between knowledge at the research frontier and
knowledge at the core. Physics has greateragreement at the core, wherethere is

a relatively smallnumber of theories or exemplars, thandoes sociology, but both

have considerable disagreement at the frontiers of knowledge whereknowledge
is broader and more diverse [4, p.135]. Nevertheless, the overall perceptions

among faculty as to the degree of development of their fields is pretty much as
statedabove[4,p.135]. Philosopher Lawrence Laudanputs it this way[4,p.I08]:

To anyone working in the humanities or social sciences, where debate and disagree

ment between rival factions are pandemic, the natural sciences present a tranquil

scene indeed. For the most part, natural scientists working in any field or subfield

tend to be in agreement about most of the assertions of their discipline. They will

typically agree about many of the central phenomena to be explained and about the

broad range of quantitative and experimental techniques appropriate for establishing

"factual claims." Beyond this agreement about what is to be explained, there is

usually agreement at the deeper level of explanatory and theoretical entities.

Chemists, for instance, talk quite happily about atomic structure and subatomic

particles. Geologists, at least for now, treat in a matter-of-fact fashion claims about

the existence of massive subterranean plates whose motion is thought to produce

most of the observable (i.e. surface) tectonic activity---claims that, three decades

ago, would have been treated as hopelessly speculative. Biologists agree about the

general structure of DNA and about many of the general mechanisms of evolution,

even though few can be directly observed.

Where does engineering fit into this picture? The likely answer is, some
where in between the"hard"and the"soft" sciences. Engineering disciplines that
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"derive" from the more developed natural sciences, such as chemical

engineering (chemistry), electrical engineering and mechanical engineering

(physics), and civil engineering (geology and physics), share some of the

developmental characteristics of thesedisciplines. Fieldssuchas industrial engi

neering, management engineering, and operations research share more of the

characteristics associated with business, economics, and sociology. As a col

league in industrial engineering noted, "We often beat up on each other in low

paradigm fields such as organizational behavior. In such fields, there is alwaysa

subgroup of peoplewho thinkwhat you do is garbage, and youjust have to learn

to live with it."

Politics and InRuence

The discipline differences discussed above can have a very real impact on

academic politics, as sociologists Beyer and Lodahl noted in their study of the

governance in Britishand American universities [5]:

... the higher predictability of greater paradigmdevelopment tends to increasecon

sensus over means and goals... This serves to reduce conflicts within departments,

and may reducethe potentialfor conflictand misunderstanding with the administra

tion. Second, faculty members who have more consensus can form stronger and

more effectivecoalitionsthan those in fields rife with internalconflicts.

Jeffrey Pfeffer, professor of organizational behavior in the Stanford
University Graduate School of Business, has studied politics and influence in

organizations extensively. He found that moreparadigmatically developed acade
micdisciplines suchas physics andchemistry haddepartment heads whotended to
stay in theirjobs for longer periods of time. According to Pfeffer [6, Ch. 3, p.52]:

When there is consensus in the department about research methods, curriculum

contentand other such issues, it mattersless who heads the department ... This unity

has obviousadvantages for dealing with other units.There is more stability, and the

leader knows that his or her positionis relatively secure.

Pfeffer also notes that departments in more developed fields tend to

have longer chains of courses, that is, one course serving as a prerequisite for

another. He sees such chains as a reflection of the relatively high agreement on

the core concepts in the field and how these conceptsand skills are allocated to

specific courses [6, p.152].

Types of Graduate Students

Another area where there are significant differences among disciplines is in

the nationality and gender, race, and ethnicity of graduate students. These

differences bear directly on the future faculty population in various fields since
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it is from this pool that the vast majority of new faculty will come. Table 2.1

compares the number of foreign students with the total number of students in

various fields who earned doctorates in the United States.

_ Earned Doctorate Degrees by Gtizenship, 1993

Foreign
students %of total

Total, all degrees
S&E

Natural sciences"
Math and CS
Social and behavioral
Engineering

9,923

8,087
3,191

866
1,247

2,783

26
33
31
44

18

51

• Natural sciences include all physical, environmental, biological, and agricultural sciences.
Social and behavioral sciences include psychology, sociology, and othersocial sciences.

Source: National Science Board, Science and Engineering Indicators-1996, Appendix A,
pp.58-59.

The high percentages of foreign students, 44% in mathematics and

computer science and 51% in engineering, reflect the relatively great paradigm

development of these fields. Also, to a large extent, they are "culturally and polit

ically neutral." Add to this neutrality their relative practicality as seen by many

countries throughout the world, and it is not surprising that most foreign students

are in these fields. A similar situation exists in Canadian universities [7].

Given the worldwide pool from which to draw, it is also not surprising that

foreign students are often among the best in their fields. About 50% of the

foreign students in u.S. and Canadian universities seek academic positions in

North America after graduation or a period as a postdoc. In so doing, they add to

the cultural mix and diversity that enrich academia. They also contribute to the

current large supply of students seeking postdoc and academic positions. Also,

most of these foreign students and postdocs did not attend U.S. or Canadian

schools as undergraduates, so they often do not share the same understanding

about college life as their North American counterparts.

Table 2.2 looks at doctorate degrees by sex and field in the United States,

and Table 2.3 does the same for race/ethnicity.

Women received almost half of all social and behavioral sciences,

and almost one third of the natural science degrees at the doctoral level. These

numbers represent a doubling of the female participation rates over the last 15

years. However, women still received relatively few engineering or mathemat

ics/computer science degrees at the doctoral level, 9 and 20%, respectively.
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Earned Dodorate Degrees by Sex and Field, 1993

Female
students %of total

Total, all degrees
S&E

Natural sciences
Math and CS
Social and beh. sci.
Engineering

15,108
7,652

3,221

401
3,509

521

38
30
31

20
49

9

Source: National Science Board, Science and Engineering Indicators-1996, Appendix A,
pp.56-57.

The number of doctorates obtained by underrepresented minorities has

increased over the last 15 years in all fields of science and engineering, espe

cially in the social and natural sciences. However, this growth is from a small

base. These populations still represent only 4% of all natural science and 2% of

engineering and computersciencedoctoratedegrees [8].Similarpatternsexist in

Canadian universities [7].

One way to help increase the number of minority graduate students in

science and engineering is to have more faculty role models who can mentor

such students. This mentoring can be a source of considerable pleasure and
satisfaction. As with all mentoring, it can also take a great deal of time.
Furthermore, it is not always a good idea for women and minority faculty to be

seen as only mentoring womenand minority students. In addition to pressuresto

serve as mentors, there is often the pressure to serve on faculty committees. As

one womancolleague noted: "Every committeeseems to feel they need to have

an X (where X equals your group, i.e., Hispanics, Blacks, women, etc.). The

fewer the X's around,the more likely it is that you will be contacted"[9].Tohelp

_ Earned Doctorate Degrees by Race/Ethnidty, and Field, 1993*

Native
White Asian Black Hispanic American

Total, all degrees 23,993 2,009 1,275 972 119

S&E 13,535 1,602 452 536 41

Natural sci. 5,943 684 135 228 17

Math and CS 886 156 14 23 2
Social and beh. sci. 4,684 237 253 220 20

Engineering 2,022 525 50 65 2

Source: National Science Board, Science and Engineering Indicators-1996, Appendix A,
pp.58-59.
*U.S. citizens and permanent residents only.
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with this problem, administrators and mentors of women and minority

faculty must take the lead in providing support, and in some cases, offsetting

time, for new faculty. We will look more closely at how to balance these

pressures in a later chapter.

Number of Postdocs

Another element of interest to tomorrow's professors is the numberof postdoc

toral appointments in various fields. As can be seen fromTable2.4, there are far

more appointments relative to earned doctorate degrees in the natural sciences

than in mathematics andcomputersciences, the socialsciences, and engineering.

Postdoctoral Appointments and Earned Doctorate Degrees in Various Fields, 1991

Number Number
Field Postdoctorates Earned Doctorates

Natural sciences 19,153 10,141
Math and computer sciences 324 1,837
Social sciences 967 6,653
Engineering 1,953 5,042

Total 22,397 23,673

Source: National Science Board, Science ana Engineering Inaicators-1993, pp. 292.

While it is fairly common for an engineering Ph.D. to go directly into a
tenure-track faculty position, such is not the case in the natural sciences. This dif
ference has significant implications for the preparation andjob searchstrategyof
future scienceand engineering professors, and will be examined in detail in Part

III, "Findingand Gettingthe Best Possible Academic Position."

Number of Faculty

Across all institutions of higher education in the United States, the natural sci

ences has the largest numberof full-time faculty, 101,681 out of a total faculty

of 526,222. By contrast, engineering has only 24,680 full-time faculty. Eighty

percentof the natural sciences faculty are male, and the comparable percentage

in engineering is 94.2 [10].

There is some evidence that the male/female ratio is beginning to shift.

Whilecurrentdata are not available by discipline, a recent study of all full-time
faculty showsthat women makeup almost41% of faculty in the first sevenyears
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of their academic careers. This number compares with 28% at the senior

faculty level.Newlyhired womenoutnumbernewlyhiredmen at liberalarts col

leges,although only a third of the new hires at researchand doctoral institutions

are women [I I].

Financial Compensation

Another dimension of obvious interest to prospective as well as current faculty

is financial compensation. Table 2.5 gives the average salaries of full-time

science and engineering faculty at four-year public and private U.S. academic

institutions.

These figures are for full-time faculty members on nine- or ten-month con

tracts. Most faculty receive additional compensation during the summer

for teaching, research, consulting, or employment in government or industry. For

Average Faculty Saleries in Selected Fields at Public and Private Four-Year Institutions,
1995-1996

New assistant professor All ranks

Engineering

Public 47,081 60,640
Private 48,458 65,244

Physics

Public 37,452 53,996
Private 36,007 55,273

Life sciences

Public 36,120 49,451
Private 33,323 46,894

Mathematics

Public 36,330 47,860

Private 34,782 47,531

Social sciences

Public 33,193 46,047

Private 32,677 47,783

The figures are based on reports covering 100,862 faculty members at 329 public four-year
institutions and 53,459 faculty members at 531 private four-year colleges and universities.
The figures cover full-time faculty members on nine- or ten-month contracts.

From: The Chronicle ofHigher Education. vol. XLII, no. 28, p. A18, Mar. 22, 1996. Source:
College and University Personnel Association. Reprinted with permission.
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our purposes, the absolute values are less important than are the relative rankings.

The position of engineering at the top is due in large measure to competitive

pressures from employment opportunities in government and industry.

Ease ofPublication

Another interesting difference among disciplines is the ease or difficulty of pub

lishing scholarly papers. Journals in the natural sciences have significantly lower

rejection rates than those in the social sciences [4, Ch. 3, p.114]. This difference

is often taken as evidence of higher levels of consensus in the natural sciences, but

other factors such as the space available in journals, the number of subdisciplines,

and what are called field-specific norms can also have an impact. As sociologist

Steven Cole points out [4, Ch. 3, p.114]:

Physics journalspreferto make"Type 1" errorsof accepting unimportant workrather

than"Type II" errorsof rejecting potentially important work. This policy often leads

to the publication of trivial articles with littleor no theoretical significance, deficits

which are frequently cited by referees in social science fields in rejecting articles.

Otherfields, suchas sociology in theUnited States, follow a normof rejecing an arti

cle unless it represents a significant contribution to knowledge. Sociologists preferto

make Type II errors.

Another factor that affects, if not the ease of publication, then at least the

number of publications is collaboration with other investigators. Today, single

author publications are rare. Of the ten most cited articles of 1993, none was

by a single author. When it comes to multiple authorship, nothing beats high

energy physics. Carlo Rubbia and Simon van de Meer were awarded the 1984

Nobel Prize in physics. The results of the experiments that led to this prize were

reported in two articles in the journal Physics Letters published in 1983. The arti

cles were published under the names of 59 and 138joint authors, respectively! [12].

Different publication rates may also correlate closely to differences in the

perceived rate of advancement in the field. In a recent survey 80% of the faculty

in the biological sciences, 59% in the physical sciences, 55% in engineering, yet

only 38% in the social sciences and 32% in the humanities strongly agreed with

the statement, "exciting developments are now taking place in my field"

[2, Appendix A, Table A-32].

Expenditures for R&D

Perhaps nowhere are the differences among the disciplines more evident than in

the sums of money spent on research and development. Table 2.6 shows the

expenditures for academic R&D by field in the United States.
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Expenditures for Academic R&D, by Field, 1993

Millions
of current dollars

Natural sciences

Physical sciences 2,124
Astronomy 252
Chemistry 736
Physics 928
Other 209

Mathematical sciences 272

Computer sciences 597

Environmental sciences 1,318

Life sciences 10,828
Agricultural sciences 1,558
Biological sciences 3,536
Medical sciences 5,285
Other 446

Total 15,139

Engineering

Aeronautics &astronautics 206
Chemical 269
Civil 367
Electrical/electronics 696
Materials 301
Mechanical 480
Other 830

Total 3,151

Social sciences 895

Grand total 19,185

Source: National Science Board, Science and Engineering /ndicators-1996, Appendix A,

p.173.

The figures are from both federal and nonfederal sources. Given our earlier

discussion, it is not surprising that engineeringand the physical sciences receive

so much moresupport than the social sciences.Most interesting, however, is how

the life sciences dominate the picture, consuming $1 0.828B or 56% of the total.

While more than half of this life sciences figure goes for medical research and

development, $3.536B, or 18% of the total science and engineering R&D bud

get, still goes to the biological sciences.
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We will discuss the impact of changing academic R&D funding on the

preparation of science and engineering professors in greater detail in the next
chapter, "New Challenges for the Professoriate."

DEPARTMENTS OF SCIENCE

Thereare approximately 1500 colleges and universities in the United Statesand

Canada that offer at least a bachelor's degree in one or more of the natural

sciences. The mostcommon fields are biology, chemistry, geology, mathematics,

and physics. Even schools offering no degrees in these fields will usually offer

courses in themas part of a general education requirement. A number of schools

alsoofferdegrees in astronomy and geophysics, whilea smallernumber do so in

meteorology, statistics, and other natural sciences.
Sincebiology, chemistry, mathematics, and physics are taughtat most four

yearschools, at least the potential poolof openings for science professors is quite

broad. Thisbreadth is clearlynot thecasefor fields suchas geophysics and mete

orology, but,of course, thereare alsofar fewerdoctoral graduates in thesefields.

The ratio of academic openings to available doctoral graduates may even be

higher than in high-volume fields like biology and chemistry. However, if the

number of such schools is small, then so is the rangeof opportunities.

Earlier in this chapter, we lookedat the relationship among the sciences in

terms of a developmental hierarchy. You can see this hierarchy in the course
requirements for different science majors. Table 2.7 shows the relationship

between mathematics and science course requirements for various mathematics

and science bachelor's degrees at Stanford University. Mathematics majors are
not actually required to take any science coursesto receive theirdegree. Physics

Math and Science Requirements for Bachelor's Degrees in the Following Fields
at Stanford University

Bachelor's degreefields
Mathematics Physics Chemistry Biology

Require courses in:

Mathematics X X X X

Physics X X X

Chemistry X X

Biology X

Source: Stanford University, Courses and Degrees, 1993-1994.
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majors must take physics and mathematics. Chemistry majors must take

chemistry, physics, and mathematics, and biology majors must take all of the

above in addition to biology. Of course, majors in each of these fields often take

other science courses. Yet, the actual requirements tell you something important

about the hierarchy in science, and also the numberof faculty neededin various

fields. Mathematics coursesof one kind or anotherare required of every bache

lor's degree graduate, no matter what his or her major. This requirement is less

so for physics, and even less for chemistry and biology. In almost all schools,

mathematics majorsare a very tiny percentage of the total studentbody. But the

number of mathematics faculty at these schools can be quite large due to the

demandfor "service"courses for other majors.

Supply depends not only on the number of doctorates awarded in the

various sciences each year, but also on the percentage of such degree holders

whoseekacademic positions. This percentage can varyquite a bit amongthe dif

ferent sciencedisciplines. Wewill look much morecarefully at this variation, as

well as the whole demand/supply situation, in Chapter 4, "Your Professional

Preparation Strategy," and Part III, "Finding and Getting the Best Possible

Academic Position."

As a future science professor, it is important for you to have some idea of

what goes on in science departments other than the one to which you will be
appointed since, as we will see, cross-disciplinary interactions are becoming

morecommon. A first step is to take a look at what is taught in other fields. The
easiest way to obtain this information is to peruse course descriptions in college

catalogs or on the Internet. Also, take the time to wanderaround the buildings,
classrooms, offices, and laboratories of other sciencedepartments. It can actual
ly be quite interesting to compare the activities, layouts, overheard conversa
tions, displays, and even laboratory smells with those of your own department.
The differences will be quite revealing, and can tell you muchabout the profes
sionalactivities of your future colleagues.

DEPARTMENTS OF ENGINEERING

There are approximately 425 colleges and universities in the United States and

Canada that offer at least a bachelor's degree in one or more fields of engineer

ing or engineering technology. Represented across these 425 schools are over

261 different engineering degree programs ranging from aerospace engineering,

to manufacturing systems engineering, to nuclear engineering. Some of these

programs, such as computational and neural systems engineering (California
Institute ofTechnology) and fire protection engineering (University of Maryland,

Worcester Polytechnic Institute), are unique to one or two schools. Others, such

as electrical engineering, civil engineering, and mechanical engineering, are

found in almostall the schools.
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The ten most common graduate engineering departments, in decreasing

order, are as follows [13]:

• Electrical engineering/electrical and computer engineering

• Mechanical engineering

• Civil engineering/civil and environmental engineering

• Chemical engineering

• Computer science/computer systems engineering

• Industrial engineering/engineering management

• Materials sciences and engineering

• Nuclear engineering

• Aeronautics/astronautics engineering

• Biomedical engineering.

There are many more electrical engineering departments than there are

industrial engineering departments, and as you would expect, there are fewer

faculty openings in any given year in industrial engineering than in electrical

engineering. However, there are also fewer Ph.D. graduates in industrial

engineering than in electrical engineering, so the ratio of the number of openings

to the number of graduates could be the same or even higher in industrial

engineering. Of course, it could also be lower. The situation is complicated

further by the fact that approximately 90% of industrial engineering Ph.D.s seek

academic positions after graduation, whereas approximately 30% do so in

electrical engineering. As with meteorology and physics, the number of schools

from which you will have opportunities is much smaller in industrial than in

electrical engineering. Since virtually any school that offers engineering has an

electrical engineering department, your potential pool of schools covers all

regions of North America and all types of institutions (Research, Doctoral,

Master's, and Baccalaureate).

As with future science professors, future engineering professors should have

some idea of what takes place in other engineering departments. The comment

made earlier with respect to college catalogs, the Internet, and looking around

different science departments applies to engineering as well. Engineering fields

are connected to each other. There is much overlap among them, particularly in

fields derived from similar scientific disciplines. Table 2.8 shows the relation

ships among 10 engineering fields and 28 disciplines that support these fields.

Fluid mechanics, for example, is fundamental to aeronautics and astronautics,

chemical engineering, civil engineering, mechanical engineering, and petroleum

engineering. The controls discipline is fundamental to aeronautics, electrical

engineering, and mechanical engineering. The study of thermodynamics is crit

ical to aeronautics and astronautics, chemical engineering, civil engineering,
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Typicol Disciplines in Engineering Deportments

DISCIPLINES

Artificiallntellgence

Chem. Separation & Process Control

Circuits

Contract Tort &Environmental law

COiltrois

Crystallography

Databases

Design

Economic and rlllCllKial Analysis

EJedromagnetics

Electronics (Materials)

Fluid Mechanics

Heat, Mass, and Energy Transport

Information Systems & Processing

Management

Manufacturing & Production

Materials

Operations Research

Organizations

Planning

Risk Analysis

Sohw.e Design

Software Theory

Structural Mechanics

Systems

Telecommunications

Thermodynamics

Adapted with permission from David Fryberg, Civil Engineering Department,Stanford University.
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electrical engineering, materials science, and mechanical and petroleum engi

neering. This distribution of disciplines acrossdepartments can formthe basisfor

faculty cross-disciplinary collaborations, a subjectwe will turn to next.

INTERDISCIPLINARY COLLABORATION

The best institutions of the future are thosethatcan reorganize themselves to address

scientific and educational questions in an interdisciplinary way. The institutions that

will have difficulty are those that keep the same rigid structure that prevents polli

nation among disciplines.

Mark C. Rogers, Vice Chancellor for Health Affairs

Duke University [14, p.1 J

Programs to promote interdisciplinary interaction are evident in many university

based research centers that in one way or anotherattempt to bring collaborators

together aroundcommon problems or themes. Anumberof thesecentersare sup

ported by a combination of outside funds from industry and government. There

are currently over 6000 university-related and other not-for-profit centersdevot

ed to research in the physical and life sciences and engineering in the United

States and Canada [15, Ch. 3, p.37]. While there is some evidence that a shake

out is occurring in a number of suchcenters,many will surviveand prosperover

the comingyears.

It is simplyno longertrue that all problems must be solved in a disciplinary

context, and this change is one of the reasons for the prevalence of such centers.
True, the disciplinary context does provide a way of focusing thinking and
resources, and over the years has resulted in significant advances in all areas

of science and engineering. Yet, increasingly, many of the problems faced by
society are "systemslevel" problems whose solutions, if they exist at all, require
expertise and perspectives from more than one discipline. Furthermore, working
with colleagues in other disciplines can produce fresh insights into one's own
discipline-based research.

Another reason for the development of such centers is that industry, under

the rightcircumstances, will supportthem.As the shrinking federal research dol

lar is spreadover a greaternumberof institutions, highereducation has turned to

industry for additional support. This support still provides less than 10% of the

total R&D funding at collegesand universities, and is not likely to grow signifi

cantly in the near future. However, these funds are usually discretionary. They

oftensupportseedprojects that formthe basisfor follow-on government support.

Interdisciplinary centers alsoexpose graduate students to the thinking of other

scientists and engineers outside their immediate discipline. Working with a range

of individuals who have differing perspectives and skills is excellent training for
the interdisciplinary opportunities that await thesestudents as newprofessors.
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Nevertheless, the challenges these interdisciplinary collaborations present

are formidable. First, there is the problem of the participants not having a

commonlanguage or of assigning differentmeanings to the same wordsor terms.

In the StanfordIntegrated Manufacturing Association, with whichI am associat

ed, the word "manufacturing" has a very different meaning to a professor of

operations research than it does to a professorof mechanical design. To the for

mer, it may mean organizing the work flow in a system with various equipment

constraints or bottlenecks; to the latter, it may mean redesigning the equipment

to function more effectively.

Then there are the challenges of interacting with industry that result from

different cultures, expectations, and reward systems, as well as the conflicts

aroundthe tradeoffs betweenshort-and long-term goals. It is not alwayseasy for

faculty to workon research problems leadingto publications and Ph.D. disserta

tions, while at the same time meeting industry's desire for shorter term payoffs.

There are also potential conflict of interest issues. As Ami Zusman,coordi

nator for Academic Affairs" Office of the President, University of California

system, points out [16]:

Industrial support may hinder the flow of research information because industrial

sponsorsoften require researchers to delay releaseof potentiallymarketable results.

It may also alter research priorities; a 1985 Harvard study found that 30 percent of

a national sample of researchers said that they choose research topics based on how

marketable the results might be.

We will look at all these issues in greater detail in Chapter 12,"Insights on

Research." For now, it is worth keeping in mind the admonition of Robert

Tschirgi, former professorof neurosciences at the University of California, San

Diego, who notes that [17]:

Interdisciplinary collaborations occur when the practitioners reach a development

in their field that clearly requires input from other fields. It is not something that can

beimposed by theadministration, or bypiousconviction thatit is simply a "goodthing."

SCHOLARSHIP ACROSS THE DISCIPLINES

In Chapter I, we introduced the broaderconceptof scholarship developed by the

Carnegie Foundation for the Advancement of Teaching. We also discussed how

support for its variousforms (discovery, integration, application, and dissemina
tion) differs among academic institutions. Are there also support differences

among disciplines within an institution? This question is difficult to answer

because no specific surveys have been conducted on the subject. We can glean

some insight into the matterby lookingat howfaculty respond to questionsabout

the importance of teaching and research, and from informal observations by

colleaguesat various institutions.
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There is not much evidence to suggest differences in activity among

disciplines with respect to the scholarship of teaching. Measures such as the

importance of studentevaluations of courses taughtand the observations of one's

teaching bycolleagues and/oradministrators in the granting of tenuredo not vary

muchacrossdisciplines [2,Ch. 2, p.30]. Thereare, however, somedifferences in

terms of teaching or research interests across disciplines. In a recent survey of

full-time faculty at all institutions of higher learning, 53% of education faculty,

51% of business faculty, 44%of physical sciences faculty, 33%of biological sci

ences faculty, and 27%of engineering faculty said their interests lie primarily in

teaching as compared to research [2, Table A-26].

What about the scholarship of integration that seeks connections across the

disciplines by placing specialties in a larger context? There is some indication

that faculty support such efforts. When asked to respond to the statement,

"Multidisciplinary work is soft and should not be considered scholarship," 8%

strongly agreed or agreed with reservations, 17% were neutral, while a striking

75% disagreed with reservations or strongly disagreed [2, p.19].

The survey did show some significant differences among fields, with 60%

of the faculty in the social sciences, 53% in the biological sciences, 42% in

the physical sciences, and 39% in engineering strongly disagreeing with the

statement. Thesedifferences are probably due to the typesof problems thesedis

ciplines seek to solve. Greg Petsko, Director of the Rosentiel Medical Sciences

Center at Brandeis University, points out that biologists work primarily on

systems level problems that lend themselves to contributions from a number of

subdisciplines. The same can be said for the social sciences. Yet, there is also

some movement in this direction in engineering, and even in the physical sci
ences, as investigators in these fields respond to industrial and societal problems

not restricted to disciplinary boundaries. Wewillexamine thisdevelopment more
closely in the chapters to come.

Of course, there is a difference between voicing support for the scholarship
of integration and valuing it in the retention, promotion, and tenure process.
Steve Benowitz, writing in The Scientist, notes that: "most universities remain
bound by traditional departmental structures for administrative and curricular
purposes, including peer review, tenureand promotion" [14, p.4]. He goes on to

pointout that: "many academic administrators' advice, until young faculty have

established a track record within a discipline, is that publications should be in

that discipline and not outside or sharedby too manycolleagues [14, p.4].

Finally, whatabout the scholarship of application? In general, fields such as

engineering, business, education, and agriculture are more open to this type of

work than are the natural sciences. Within academia, engineering is usually

viewed as an applied field, in part because of its close association with industry.

How does this view impacttenureand promotion decisions? While the research
emphasis in academic engineering remains focused on the discovery of new
knowledge, therehas beensomemovement toward acceptance of a moreapplied

scholarship. In recent years, the School of Engineering at Stanford University
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has awarded tenure or promotion to a number of faculty for what is essentially

applied research based in large measure on responses to industry problems in

such areas as microprocessor design, compiler development, hydrology, rapid

prototyping, and supply chain management. For the most part, the evaluation

of these contributions remains in the hands of faculty, but even here, there

has been an increase in the acceptance of letters of support from researchers in

government and industry.

Science has its applied sideas well. It would be a mistake to put all of engi

neering on the technology side of the ledger and all of science on the theoretical

side. Robert McGinn, professor of industrial engineering andengineering manage

ment at Stanford University and acting director of its Science, Technology and

Society Program, points out thatengineering existed longbefore science, and that

the relationship between the two has evolved into "an intimate association of

mutually beneficial interdependence" [15, Ch. 3, p.19]. Even a single individual's

activities oftendefysimple classification as "science" or "technology": for exam

ple,a molecular biologist creating an organism with desired commercial properties

mayat times function as an engineer, at times as a scientist, and at timesas both

simultaneously. This dual role might also be true for an electrical engineer

designing a microprocessor or a low-power battery. In this sense, a technical

activity can have a dual, scientific-technological character. Modem science and

technology are not only interdependent, they overlap [15, p.27].

Science at aMetropolitan University

Master s institutions, many of which are also called Metropolitan

Universities, face unique challenges with respect to science and engineering

education. The following vignette looks at sOlne of these challenges from the

perspective ofa dean of science at San Jose State University in San Jose, CA.

Gerald Seiter

San Jose State University

What is it like to be the dean of scienceat a large,public,metropolitan uni

versityundergoing majorchangesin mission, funding, studentcomposition,

and industrial relations? "Well it's not easy, but then again, it's

certainly not boring," says Gerry Seiter, dean of the College of Science at
San Jose State University, a Master's I institution of over 26,000 students

located in San Jose, CA.
Seiter has no trouble listinga dozen or so challenges that he and many

other deans are currentlyfacing. These include: responding to state funding
cutbacksand the subsequent need to find additional sourcesof support; fig
uring out how to recruit and support new faculty in an area known for its
high cost of living; determining the appropriate research/teaching/service
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mix for faculty retention, tenure, and promotion; assessing the impact of
advanced technology on faculty productivity; dealing with faculty account
ability pressures from state legislatures, satisfying demands for a more
interdisciplinary curriculum; promoting industrial interactions at a campus
in the heart of Silicon Valley; and deciding on the proper relationship
between the College of Science and an extension education program that
enrollsan additional 30,000students.

Unrelated as some of these issues might first appear, they are often
connected in interesting ways. For example, cutbacks in state funding have
led to prohibitions on faculty raisesbeyond the cost of living. This, in turn,
has resulted in somepressure to promote faculty as the only means of pro
vidingreal salary increases. "Wehave to be verycarefulhere," says Seiter.
"It dilutes the promise of scholarship if we promote for the wrong reasons."
With Seiter's support, these pressures have led to a reexamination of the
requirements for promotion and tenure, which in turn has led to a more
comprehensive understanding of what it takes be successful as a science
professor at this particular university.

"In the College of Science we have specifically moved to recognize
different forms of scholarship as thecriteriafor RTP ( retention, tenure, and
promotion)," notesSelter, He continues:

Five years ago, we were striving to be like the University of California. That

has changed, and it was a big breakthrough for us to recognize and acknowl

edgethat we are a metropolitan university and that teaching is really important.

Webelievethat there are manywaysto contribute, but high-quality teachingis

absolutely essential. Other forms of scholarship can, and do impact teaching,

so wewantto providefor a diversity of contributions. One modeldoes nothave

to fit all. You can make your contribution through research, applications, and

serviceto the University, but thesemustbe in addition to a significant teaching

contribution.

Another compelling issue is faculty productivity. If the state of
California mandates productivity increases, but provides little financial
support for doing so, what do you do? Well, for one thing, you figure
out how to get the college and the rest of the university more involved in
raising funds from industry and through other sources such as extension
education. Seiter's strategy is to get faculty involved in fund raising by
supporting them through time buy-outs to write large college-wide grants.
Hisfirst attempt wassuccessful. Hegavea faculty member full releasetime
for a semester to write a proposal to the National Science Foundation
entitled, "Collaborative for Excellence in Teacher Preparation." According
to Seiter:

This is a fivemilliondollar,fiveyearprojectencompassing San Francisco State

University, four community colleges,and numerous high schools. The goal is

to significantly increase the numberand quality of underrepresented students

ss
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who become science and mathematics teachers, and to infuse multimedia

technology into K-12 classroominstruction. This is exactly the kind of project

(to effect systemicreform) that characterizes us as a metropolitan university.

These arejust a few of the many challenges that SeIter and deans like
him face every day. And yet, Seiter, who twice received his department's
Professor of the Year Award, seems up to the task. As one biology profes
sor puts it, "He is very open with the facuIty and consequently we know
where westand on all sorts of issues of importance to us."Achemistry pro
fessor echoes this view by noting, "He works extremely hard and always
puts the needs of the college above his own. He has a great dealof respect
from the faculty for hisefforts on our behalf." Another professor in thecol
lege commented that Seiter is still new on the job, and that with an even
"newer" president on board, the jury is still out. "Yet," she says, "I have
confidence thathe has the ability to represent us well in what are going to
be some difficult times ahead."

Seiterhasexperienced a meteoric rise from professor in theChemistry
Department to acting department chairman, to associate dean, to interim
dean, to dean, all in just two years. "I didn't seek any of these positions,"
he says, "butat thispoint I have to admit thatI do find it quitechallenging."

SUMMARY

We began this chapter by examining the similarities and differences among

disciplinesacross the academic institution. Wesaw that there is a disciplinehier

archy based on perceived development of the field. This hierarchy helps to

determine such factors as status and prestige, politics and influence, financial

compensation, types of students, ease of publication, and expenditures for

research and development. We then took an overall look at science departments

and engineeringdepartments, the subjects taught in each discipline, and the pos

sible relationships amongdisciplineswithin scienceand engineering. These rela

tionshipscan form a basis for cross-disciplinary collaboration. The trend toward

such collaboration was discussed next, with a look at both the prospects and

problems associated with such interactions. We then returned to the model of

scholarship introduced in Chapter 1 with a look at differences in such scholar

ship acrossdisciplines. The chapterconcludedwith a vignetteon the issues faced

by Gerry SeIter, dean of the College of Science at San Jose State University, a

large master's-granting institution in San Jose, CA.

This is an unsettling time for academic science and engineering. Significant

forces areat work, bothinternal andexternal, thatwillalmost certainly transform the

way science and engineering is carriedout at colleges and universities. In the next

chapter, we conclude our setting of the academic stageby examining someof these

forces and their implications for tomorrow's professors of science and engineering.
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CHAPTER 3

New Challenges

for the Professoriate

Higher education is not in danger. But we would be wise to ask whether the

particularly quaint way in which universities now do their work will survive the

transformation of information technology. It may, but I don't think so. I expect to

see mojor changes-changes not only in execution of the mission of universities

but in our perception of the mission itself.

William A. Wulf

University of Virginia in Charlottesville [I, p.47].

Changes are underway in academia that will have an important impact on
tomorrow's professors of science and engineering [2, pp.125-131]. Some of

thesechanges, suchas the tremendous increase in the useof communication tools,

for example, the Internet, and analysis tools, for example, computer modeling,

have already pervaded the research establishment, and are moving into teaching

and curriculum development. The direction, duration, and impact of other

changes, suchas the levelof government funding, supply of graduate students and

postdocs, and number of Ph.D. programs, are not as easy to discern. In addition,

mixed signals are appearing in a number of areas. Do government agencies want

moreor lessuniversity interaction withindustry? Is a shiftunderway toward more

basic research support fromfederal sources? Is anothershift imminent in the way

industry funds academic research? What impactwill the new education delivery

systems, including such things as "private teaching companies," have on the

teaching activities of typical faculty, the structure of academic departments, and

S9
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even the locations where students go to receive an education? While

universities are not going to return to the world from which they are emerging, it

is also not entirelyclear just where they are heading.

Transitions are unsettling, and under such circumstances, says John

Hopcroft, dean of engineering at Cornell University, "The best thing you can

do is help prepare your faculty for change." To succeed in this environment,

faculty must become much more versatile and broad-based than ever before.At

the same time, they must also develop a depth of knowledge in an area where

they can make a uniquecontribution.

Webegin this chapterwith a look at someof the factors likelyto bring about

significant changes in teaching and research. We then discuss the implications

such changes have for the broader view of faculty scholarship. We conclude

with a vignette describing a cross-university collaboration using state-of-the-art

communication tools. Along with Chapters 1and 2, this completes our settingof

the stage for the work to follow on preparing for an academic career in science

and engineering.

FORCES FOR CHANGE IN TEACHING AND RESEARCH

Not all the forcesaffecting highereducationare well understood at this time,and
some important newones maystill emerge. Furthermore, someforcesare pulling
in oppositedirections, makingmore than one outcomepossible. Nevertheless, as

illustrated in Figure 3-1, the following factors seem likely to have a significant

impacton the future of teaching and research in science and engineering:

• The increasing use of communications tools

• The increasing use of computational tools

• The increasing focus on interdisciplinary programs

• The prospects of decreased government funding

• The increasing costs of doing research

• The changingrole of industry in academic research.

These factors form the basis for a set of preparation activities to be discussed

in Part II, "Preparing for an Academic Career." At a minimum, you will be

expected to be familiar with the issues they raise. If you also have some direct
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Forces for change in teaching and research.

The increasing use of communication tools.

The increasing use of computational tools.

The increasing focus on interetlSdplinary programs.

The prospeds of decreased government funding.

The changing role of industry in acodemk resecKh.

experience with at least a few of them, your appeal as a prospective faculty

member will be strengthened considerably.
As we will see, many of the above factors are helping to facilitate a move

toward a scholarship that includes notonly thegeneration of newknowledge, but

also its integration, application, and dissemination. Let us then examine each of

these factors in tum, followed by a look at their implications for current and

future science and engineering professors.

The Increasing Use of Communications Tools

While we may not end up with a "calculus teacher for the nation", there is no

question that the new telecommunications technologies are going to challenge
traditional teachers and traditional teaching in fundamental ways.

Thomas Magnant;

Massachusetts Institute of Technology

There is still a greatdeal of hype withrespectto the communications revolution,
and some of it is not even new. You have only to read articles about how the
expansion of radio in the 1920s wouldreduce the need for more universities, or

the predicted effect of television and videophones on education in the early

1950s to realize that political, economic, and social considerations have as

muchto do withwhether thingsreallychangeas does the actualtechnology. Yet,

certaininventions, for example, the telephone, had a utility so high and a cost so

low that their value was quickly realized. We are now at a point with the new

communications technologies where their impact on the teaching and research

communities could be quite profound. Digital libraries, multimedia, CD-ROM,

the Internet, and videoconferencing are increasing in popularity, not only

because they make it possible to do old things in new ways, for example, video
broadcasts of traditional "talk and chalk" presentations, but they also make it
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possible to do new things in new ways, for example, the electronic sharing of

class notes among students.

How many times, in how many courses, and at how many locations do we

need to have faculty lecturing on the third law of thermodynamics? Could not

these lectures be modularized in one set of outstanding presentations, available

on demand to students in such courses as physics, chemistry, and mechanical

engineering? If so, what impact would this change have on departmental course

offerings, funding allocations, and even the demand for faculty?

The National Science Foundation sponsored Synthesis Coalition is an

example of a program making extensive use of communications tools in

undergraduate engineering education. The Coalition is a union of eight diverse

institutions whose goal is to design, implement, and assess new approaches to

undergraduate teaching and learning. These approaches include an emphasis on

multidisciplinary synthesis, teamwork, communication, hands-on and laboratory

experiences, open problem formulation and solving, and the use of "best prac

tices" from industry [4].

According to Jeff Aldrich, Synthesis information resource coordinator[4]:

The Synthesis Coalition's strategy in pursuing thesegoals is distinctive in its focus.

We promote the innovative useof information technologies, to attractand to inspire

teachers and learners withapproaches that go far beyond currentteaching and learn

ing strategies. And we concentrate on the extension and integration of engineering
knowledge-across disciplines, among institutions, and within society as a whole

throughout the individual's career.

Withrespect to research, communications advances providenew and differ

ent possibilities for collaboration among investigators next door and around the
world. As Stephen Stiger, professor of statistics at the University of Chicago,

puts it [5]:

It seemsplausible that [the]expanding electronic network will eventually lead to a

weakening of our sense of institutional identity and a fundamental change in the

intellectual competition that organizes our enterprise. Individual faculty may be in

closer contact with collaborating colleagues at other universities (or with graduate

students working under their direction in other countries) than with faculty and

students in slightly different specialties down the hall. The importance of the

geographic unit may be eclipsed by intellectual disciplinary units that are interna

tional in scope.

Communication toolsallow for more thanjust the sharingof information via

e-mail or on the World Wide Web. They make possible real-time collaboration,

including the remote sharing of data, the operation of equipment, and the carry

ing out of experiments. Hypermedia-hyper links to documents, video, and

sound-dramatically increase the information bandwidth, and are beginning to
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make long-distance collaboration a reality. Through such "teleresearch," investi

gators are not only able to see each other via video displays on their desks, but

also to interact with shared graphics and other information on their screens. As

discussed further in the vignette at the end of this chapter, such collaborations

have the potential of breaking whatsociologists refer to as the "eight-meterrule,"

whichis basedon the observation that the mostsignificant interactions take place

amongpeople who are in close physical proximity to each other.

The two prototyping experiments referred to below are to be carried out at

geographically distributed sites via the Internet. So, too, is work on problems

associated with the AIDS pandemic that involve researchers cooperating and

sharing data from sites throughout the world [2, p.126].

The Increasing Use of Computational Tools

Can you imagine that theyusedto havelibraries where the booksdidn't eventalk to

each other?

Marvin Minsky,

Massachusetts Institute of Technology [1, p.47]

The communications revolution is built on the even more fundamental computer

revolution, and the latter, like the former, has the potential to significantly affect

teaching and research. As with telecommunications, it has takenover 30 yearsfor

the impact of the computer to be truly felt in teaching. In fact, it was not until the

marriage of telecommunications and computing and the development of such

things as relational databases and low-cost portable systems, linkedthrough ever
expanding networks, that the real revolution began. The technology is right and
the motivation exists in part because of the promise of increased productivity, but
more importantly, because of the ability to allow professors to do exciting new
things, whileat the sametimeestablishing connections among their various types
of scholarship.

Twolikely influences on how faculty will teach and do research in the near
futureare the "new" booksand libraries madepossibleby the computer. William

Wulf, professor of engineering and appliedsciences at the University of Virginia,

describes the changes in store for books this way, [1, pp.48-49]:

They [electronic books] will let you "see the data" behind a graphby clicking on it.

TheywiII containmultidimensional linksso that youcan navigate through the infor

mation in ways that suit your purpose rather than the author's. They won't contain

references to sources, but the source material itself; for example, the critique of a

play will include its script and performance. They will have tools that will let you

manipulate equations, trying them on your own data or modifying them to test sci

entific hypotheses. They will let you annotate and augment documents for use by
later readers, thus making a booka "livingdocument."
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It remains to be seen where such books will have their greatest utility. In

mostcases, therewill still be the needfor someone (the author?) to organize and

synthesize information, However, the flexibility this new technology provides is

certain to affectscholarship at the undergraduate as well as graduate level.

The quote at the beginning of this sectionrefers to the fact that libraries are

moving from collections of books to facilitators of retrieval and dissemination.

Libraries will soon have software agents collecting, organizing, relating, and

summarizing on behalf of their users. As a result, says Wulf, "They will 'spon

taneously' become deeper, richer, and more useful" [1, p.49].

Newcommunications and computer toolshave the potential to increase pro

ductivity while improving the quality of the learning experience. Yet, faculty

need to have the right incentives to invest in such efforts.

A professor at Wayne StateUniversity in Detroit usedto teach an engineering

course with a maximum enrollment of 25 students. This number was the largest

he felt he could interact with effectively. Along came the new technologies that

madepossible distant learners at their workstations at the Ford Motorcompany,

two-way voice communication, instant feedback on "pop quizzes" via electronic

keyboards, andexcellent graphics that wereprepared on his computer in advance

and then scanned into thecoursework database. The professor found that withthe

timesavings resulting from not having to put drawings on the board, and the abil

ity to haveinstant two-way communication with anystudent in theclass, he could

interact with 125 students just as effectively as with theoriginal 25.
As you can imagine, this increased productivity was terrific from the point

of view of the administration. However, for the professor, all was not so great.
He was putting in a significant amount of extra time preparing the material that
led to the completed graphics, and an evengreateramount of time interacting via
e-mailwith students afterclass. He probably doubled the timehe invested in the
course over his previous approach, and yet he was teaching five times as many
students evenmoreeffectively. Theadministration, on theotherhand,hadnotyet
turned this into a win-win situation by "rewarding" him with a morereasonable

teaching commitment.

That computers have made it possible to solve research problems at speeds

neverbefore imagined is common knowledge. What is perhaps less well known

is their ability to attack problems in entirelynew ways. For example, the advent

of what are called massively parallel computers makes possible the systematic

analysis of many partsof a singleproblem. This analytic ability enables investi

gators to study phenomena involving large amounts of data, e.g., enormous

assemblies of particulates such as atoms, molecules, cells, and organisms [2,
p.127]. These computers are making significant contributions in such diverse

areasas imageand speech recognition, fluiddynamics, computational chemistry,
neural modeling, semiconductor devicephysics, and weather forecasting.

What is even more remarkable is that computers have made possible the
solution of otherwise intractable problems. An example is the use of computers
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to keep track, decipher, and order information from the worldwide Human

Genome project which, when completed, will have generated some 10 trillion

bits of information [2, p.127].

These kinds of efforts led a recent symposium sponsored by the American

Association for theAdvancement of Science to recommend thatcomputing be rec

ognized as"the thirdbranch of science alongwiththeory andexperimentation" [6].

The computer's impacthas been particularly profound in the area of compu

tational prototyping, which involves the use of high-speed computers to create

virtual models of complex real-world systems or artifacts. Paul Losleben, senior

research scientist in theElectrical Engineering Department at Stanford University,

is a coinvestigator on a program called "Computational Prototyping for 21 st

Century Semiconductor Structures." An important aspect of this effort includes

plansto use computational prototyping as a partial substitute for costly laboratory

experiments [7]. (See the vignette at the end of this chapterfor furtherdetails.)

John Seely Brown, directorof the Xerox PaloAlto Research Center in Palo

Alto, CA, talks about "the shift from mass and energy to computers and com

munications." Nowhere can this shift be seen more clearly than in the

Department of Energy's recent decision to award Intel Corporation of Santa

Clara, CA, a $45 million contract to build the world's fastest computer, "a

machine powerful enough to simulate nuclear weapons explosions and poten

tially halt the need for underground testing" [8].

Other investigators at Carnegie-Mellon University, StanfordUniversity, and

the University of California, Berkeley, are researching ways to developboth vir

tual and physical prototype environments in which users will be able to design,

test, and debug a productbefore it is built. Once the virtual prototype is "built"

and "tested" in the computer, the computerwill transform the description of the
virtual prototype to an actual plan for manufacturing the physical prototype [9].

It is worthnotingthat not all cross-university research programs are limited
to Research I universities. Consider North Carolina's Center for Advanced
Electronic Materials Processing. It coordinates research activities among three
Research I universities (Duke University, North Carolina State University, and
the University of NorthCarolinaat Chapel Hill), and two Master's I institutions
(University of North Carolinaat Charlotte and North CarolinaAgricultural and
Technical State University) [10].

The Increasing Focus on Interdisciplinary Programs

As noted in Chapter2, discipline-based research providesthe core of our knowl

edge about the universe. Such research has led to many of the fundamental

breakthroughs in scienceand engineering. Discipline-centered research also pro

vides the structure around which academia is organized, and is the established

wayof assessing faculty research qualityand productivity. Such research is in no
dangerof disappearing.
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However, increased attention is also beingpaid to basicand appliedresearch

activities requiring the contributions of two or moredisciplines and yielding new

areas of inquiry and application. Terms such as biophysics, biochemistry, bio

engineering, and nowbiotechnology highlight intersections between biology and

other science and engineering disciplines. Astrophysics, geophysics, physical

chemistry, and electromechanics are just a few more illustrations of the develop

ment of cross-disciplinary fields.

At Stanford University alone, there are over 22 interdisciplinary research

centers. Examples include the Center for Computer Research in Music and

Acoustics, the Center for Integrated Facilities Engineering, the Center for the

Study of Language and Information, and the Western Region Hazardous

Substance Research Center, as wellas the twocenters withwhich I am associated,

the Center for Integrated Systems and the Stanford Integrated Manufacturing

Association.

Industry has long understood that the "real world" is not dividedalong dis

ciplinary lines. As Venkatesh Narayanamurti, dean of engineering at the

University of California, Santa Barbara, notes: "While academe has only in the

last decade or so begun to embrace the interdisciplinary approach, industry has

promoted suchcollaborations as partof its ethos" [11]. "Systemslevel"problems

ranging from the development of computers and telecommunications networks

to automobiles, airplanes, and spacecraft all require the contributions of many

basic and appliedfields.
Manyof the basic scienceand engineering challenges lie at the intersection

of disciplinary boundaries. One example is the emerging field of "smart, or
intelligent, materials and structures." Here, investigators with backgrounds in
chemistry, materials science,biology, mathematics, computers, and engineering
cooperatein developing human-made artifacts that, like theircreators,senseand
respondto theirenvironment by learning,adapting, and repairing themselves [2,

p.129].
In the life sciences, the widespread use of new molecular techniques has

blurred the distinctions among many disciplines. In the wordsof Doug Randall,

a plant biochemist from the University of Missouri, "Geneticists use molecular

biology and chemistry techniques, chemistsuse molecular biology and genetics,

and plant pathologists need to know molecular biology to study disease resis

tance" [11 l.
In some cases, disciplinary combinations can yield whole new fields of

inquiry. According to PaulDeHartHurd,professor emeritusof scienceeducation

at Stanford University [2, p.130]:

The contexts of science today, particularly problems that are nonlinear or which

have crossdisciplinary character, do not respond to the long standing modes of sci

entific inquiry. A new science of 'chaos' is being developed to deal with problems

that are now seen as disorder, such as weather, tides, turbulence, living populations
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of animals, and the behavior of nerve impulses. These are among the messy prob

lems into which chaos theory portends more insightthan we have now.

Interdisciplinary research has its share of problems, not the least of which is

how to provide rewards (tenure and promotion) and awards (funding) when both

universities and funding agencies are still locked into a disciplinary structure and

way of thinking. As we will see in the next section, however, there is some evi

dence that this way of thinking is beginning to change.

As noted earlier in our discussion of the National Science Foundation spon

sored Synthesis Coalition, interdisciplinary programs are finding their way into

the curriculum, particularly at the undergraduate level. The ability to integrate

studies in several technical areas, as well as across economic, social, and politi

cal boundaries, is increasingly important. Problems in environmental planning,

communications, manufacturing and transportation systems, and urban planning

are just a few of the possibilities that come to mind. The University of Michigan,

for example, has a number of undergraduate interdisciplinary programs that are

both college-wide and university-wide.

Another example of cross-university education collaboration takes place

among the schools in the National Coalition for Manufacturing Leadership. The

participating schools are: Arizona State University, Auburn University,

California State Polytechnic University at San Luis Obispo, California State

Polytechnic University at Pomona, Colorado State University, Georgia Institute

of Technology, Cornell University, Massachusetts Institute of Technology,

Northwestern University, Purdue University, Pennsylvania State University, the

University of Michigan, the University of New Mexico, the University of

California at San Diego, and Wayne State University. All of the schools have col

laborating engineering and management programs, internships for undergraduate

and graduate students, and industry participation in their project courses. The

schools work together to share graduate curriculum materials, as well as course

syllabi and class notes. In some cases, students enrolled in one school take cours

es via distant learning at other schools in the coalition [12].

The new communications tools create intriguing opportunities to increase

the connection and overlap between interdisciplinary research and other forms of

interdisciplinary scholarship, including teaching and curriculum development.

We will look more closely at these opportunities in the next section.

The Prospects of Decreasing Government Funding

Congress has placedeverything in science"on the table."This includes not just the

federal programs that support university research, but alsofundamental assumptions

about the appropriate relationships between government and academic science.

ALan G. Kraut

The ChronicleofHigher Education [13]
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As we saw in Chapter2, federal spendingfor nonmilitary sciencegrew fair

ly steadily in the 1980s and early 1990s [14, p.l ], However, when inflation and

other increases in the cost of doing research, such as university overhead, are

taken into consideration, the rises are less significant (but at least they have been

increases). The future is of great concern, however. As the following quotations

illustrate, prospects for overall growth in most, if not all, areas are slim indeed:

Federal supportfor civilian scienceis destinedto weaken and shrinkno matterwhat

its budget, declining to as muchas a third if inflation is takenintoaccount. Suchcuts

portent widechangesin American scienceand American life.

Williafn J. Broad, science writer

The New York Times [14, p.2]

State governments are tightening their budgets, with some public universities

experiencing absolute decreases of 20-25% instatefunding. Thishasreduced theabil

ity of state universities to hire scientific and engineering faculty and to fundgraduate

students. Many state legislators view graduate education as a budget item that must

compete withsocial requirements whose callon the taxdollaris at leastas persuasive.

Committee 011 Science. Engineering and Public Policy [15]

The situationis no better in Canada.There, the federal government has insti

tuted deep cuts in the transfer payments it makes to the provinces. In the past,
these payments have been earmarked in specific percentages for such things as

transportation, health, and education at all levels. The federal government has

loosened up on these restrictions, and the provinces are now free to allocate the

funds whereverthey choose.This unrestricted allocation means that higher edu
cation must compete not only with primary and secondary education, but with
the other service sectors as well.As James Sharp, professorof civil engineering

at Memorial University of Newfoundland in S1. John's, Nfld put it, "We are no

longerat the top of even the education priority, so who knowswere we are in the

whole schemeof things."

The Increasing Costs of Doing Research

The prospects of significant decreases in research funding come at a time when

the cost of doing research continues to increase. Some of this increase is due to

greater research complexity, resulting in more expensive equipment and other

fixed infrastructure costs. A laser costing $15,000 15 years ago now requires
$150,000. This type of increase is also true for computers. While the cost per

computation has gone way down, the computation needs and costs to support

research have gone up greatly.
I believe another reason for the escalating costs is the need to support

increasing numbers of graduate students and postdocs (variable costs). Prior to
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1990, whenfacultywrote research funding proposals, they would look first at the

desired research, then decide how many students were required to execute the

tasks. The reverse is now occurring in many areas, where the number of gradu

ate students who need to be supported is driving the "need" to do a certain level

of research. Some indication of this "need" can be seen in high-energy physics,

where both the very expensive facilities and the huge number of graduate stu

dents and postdocs are leading to the "necessity" to do even more high-energy

physics research. You cannot support a multimillion dollar facility on a contract

that has only a few graduatestudents-the research results would not justify the

investment. Hopefully, there is a positive correlation between the number of

graduate students and postdocs doing research and the quality and quantity of

research output, but this is not always the case.

Leon M.Lederman, president of theBoard of Directors of theAmerican Associ

ation fortheAdvancement ofScience, sumsupthecostof research thisway[16, p.5]:

In all areasof research the last decade's 'easy' problems have been solved, and the

cost of creating new understanding of nature has increased considerably. Finally,

new regulatory requirements have added to overhead costs and reduced the funds

available for the directcostsof research.

The Changing Role of Industry in Academic Research

As noted in Chapter I, industry's involvement in academic research, particular

ly in engineering, goes back to the middleof the last century. It was not until the

post-WWII period, however, that suchsupportbeganto growsignificantly. While

neverclose to the levelprovided by government, it nevertheless has playeda cru
cial role in the establishment of certain research programs, particularly those that

provide start-up, or seed projectgrants not funded by federal agencies.

The 1980s saw a significant expansionof these programs, particularly in the
form of new university-industrial consortiaand in the direct funding of research

laboratories.

There are now over 1500 industry-university consortia in the United States

and Canada, ranging in size from one or two faculty and the same number of

companies, to much larger operations with dozens of companies and affiliated

faculty, and annual membership fees into the hundreds of thousands of dollars.

They are often interdisciplinary, bringing together investigators from a number

of academic departments and industry aroundcommon,overarching themessuch

as telecommunications, manufacturing, polymers, molecular and electronic

nanostructures, and human-computer intelligence.

For example,the University of Californiaat Davis uses "organized research

units" to form interdisciplinary centers that seek industry and government

funding. One such unit for the study of polymers brings together researchers

from agriculture, textiles,chemistry, and chemicalengineering [I l ],
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Other examples include stand-alone consortia, such as the Semiconductor

Research Corporation (SRC) in Raleigh, NC, which uses industrial membership

fees to support programs in semiconductor research at universities across the

United States. The application process to the SRC is similar to that for govern

ment agencies such as the National Institutes of Health, the National Science

Foundation, and the Advanced Research ProjectsAgency.

Initially, much of industry's interest was motivated by the desire to support

research of potential benefit to society as a whole (philanthropy), and to have

access to promising graduate studentsand postdocswho mightconsiderworking

for such supporters.

With the retrenching of the late 1980s and early 1990s, there has been a

change in motivation. A numberof companies have pulled back from such sup

port, as their corporate laboratories have been cut back to focus on shorter term

deliverables. As the recent report, Reshaping the Graduate Education of

Scientists and Engineers [15], points out:

The last decade has seen both a rise in international economic competition and

cutbacks in basic research at large industrial laboratories. Industry is said to be

hiring fewer scientists and engineers and shiftingemphasis towardcore businesses;

industrial grantsto universities, an important sourceof research funds, are said to be

reduced and increasingly directed toward incremental, low-risk programs.

Support for such centers may be on the increase again, although with objec
tives that are still mostlyfocused on short-term deliverables. The situation varies

amongconsortia, but in all cases, important issues having to do with intellectual

property, conflictof interest, and the very role and purposeof university research
are raised. As Susan Zolla-Pazner, professor of pathology at New York

University MedicalCenter,notes with respect to biotechnology [17]:

This interaction among scientists, universities and industry is not new. But the

decrease in government support for research, combined with the explosion of new

biotechnology products, has intensified the relationship. It is now more produc

tive-and morecomplicated.

Clearly, industry-university relations are undergoing a transition just as are

those between the government and the university. Both will continue, albeit with

changing goals and objectives. We will look at the implications this change has

for scienceand engineering faculty in the next section. Weconcludehere by not

ing that, overall, faculty seem to want more, not less involvement with industry.

With the very real prospectof decreasing government funding, it is not surpris

ing that a recent survey of engineering professors found that some 79% wanted

either somewhat more or much more involvement with industry, and only 6%

wanted less involvement [18].



Chapter 3 New Challenges for the Professoriate

IMPLICATIONS FOR FACULTY SCHOLARSHIP

71

How will the above factors impact faculty scholarship? This question is not so

easy to answer, partlybecause, as notedearlier, manyof the forcesfor changeare

pullingin oppositedirections. However, answers are important, not only because

of what they say about your future life as a professor, but becauseof what they

imply about your preparation for an academic career. As a faculty member, you

will need to find an appropriate balance, as shown in Figure 3-2, among: (1)

cooperation and competition, (2) basic and applied research, and (3) high-risk

and low-risk behaviors. Let us look at each of these in turn with an eye toward

their implications for faculty scholarship.

Finding the appropriate balance among competing behaviors and activities.
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Balance Between Cooperation and Competition

Over the next few years, some faculty will become more pessimistic, while

others will become more optimistic, depending to a large extent on their versa

tilityand flexibility. Decreasing prospects for external funding, coupledwith the

increasing costs of doing research (including the time required to develop

proposals and grants) have certainly discouraged a number of professors. As a

physics faculty member at the CaliforniaInstitute of Technology put it: "Every

time you write a proposal for a renewal of your grant, you are playing Russian

roulette with people's lives. You soon find that your chief responsibility is no

longerto do scienceat all; it is to feed yourgraduate students'children"[16,p.5].

One consequence of funding restrictions is that many faculty will need to

explore multiple sources of support for specific projects and programs. This

approach has the advantage of allowing an investigator to remain untied to the

needs and wishes of a particular funding entity. Of course, multiple sources

usually mean multiple reports, multiple interactions, and multiple efforts that go

into avoiding, or at least reducing, misunderstandings. Nevertheless, John H.

Gibbons, directorof the Officeof Scienceand Technology Policy, feels the mul

tiple sourceapproach is still the best strategy [19]:

You can get over-dependent on anyone source of funds, just like a farmer can get

over dependent on one kind of seed and run into a bad situation by being overspe
cialized.So it's a healthything for the nation for universities and industry to have a

closer association than they have in recent decades.

There are indications that as the research funding pie gets smaller, many

faculty become less willing to share their research results with others, are more
critical reviewers of others' submissions to referred journals, are more disparag
ing of competing research proposals, and are less willing to collaborate on

research projects. As Leon M. Lederman of the American Association for the

Advancement of Sciencecomments [16, p.ll]:

... scientists are also increasingly viewing their fellows as competitors, rather than

colleagues, leading to an increasingly corrosive atmosphere. The manifestations of

this attitude range from a reluctance to share new results with other scientists, to

public bickering about relativepriorities in funding different fields.

Abiologyprofessor at the University of Minnesota put it moredirectlywhen

he said, "I feel pressure not to share information about exciting data... for fear

that others, with larger labs, will be able to use this information to write a simi

lar proposal" [16, p.IO].
Yet, the opposite is also occurring in some areas. Decreasing funding

prospects, increasing costs of doing research, increasing availability of commu-
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nication andcollaboration tools,and the increasing emphasis on interdisciplinary

research have led to greatercollaboration, not only among members of the same

department, but acrossdepartments and even universities. As we will see in the

vignette at the end of this chapter, such collaborations can include a variety of
schools, not just major research universities.

Cooperation works particularly well in interdisciplinary areas, where each

faculty member or team makes a unique contribution to the overall effort. It is

also effective with expensive facilities that can be shared with each user

conducting hislherown experiments.
An example of the former is a groupof Stanford professors, one in robotics,

one in composite materials, and one in cost accounting, who pooledtheir talents

to develop a method of automatically layingup composite materials usingrobots

in such a way that the costs of such procedures can be accurately assessed in

advance.

An example of the latter is the KittPeak National Observatory nearTucson,

AZ, where astronomers from all over the world share time on the many very

expensive telescopes at the observatory complex. Geographically distributed

research enterprises are occurring acrossscience and engineering, and are likely

to be a significant modeof operation in the decadeto come.

As noted earlier, interdisciplinary research and teaching are not easy.

Competition for scarceresources, departmental territoriality, and the difficulty in

obtaining proper recognition are just a few of the many barriers to such efforts.

However, encouraging signs exist. Industry, and even some federal agencies,

have begun funding interdisciplinary activities. According to Robert Shelton,

vice chancellor of the University of California, Davis [II]:

More and more federal funding agencies, such as NSF, the Department of Energy, as

well as private industries insist upon it [interdisciplinary research]. Many of them

want a clustering of expertise at a single institution to solve problems.

Greg Petsko, who left the discipline-centered world of the Massachusetts
Institute of Technology Chemistry Department for the interdisciplinary opportu
nities at the Rosentiel Center at Brandeis University, notes: "The most exciting
areasof chemistry are wheredisciplines rub together. Thingsare moving so fast

that the lines of disciplines are blurring"[II].

Although discipline-based research is still the basis for the vast majority of

tenuredecisions, as we will see in Chapter 14,"Insightson Tenure," Brandeis is

rewarding a number of pretenure faculty for their interdisciplinary, multiinvesti

gator research.

Advances in interdisciplinary scholarship are also finding their way into the

curriculum. Faculty cooperation across disciplines in research can often lead to

similar cooperation in the development of interdisciplinary courses, and vice
versa. Oneexample is the increasing use of engineering projectteamscomprised
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of students from different backgrounds working together to design, build, and

evaluateprojects of interest to industry. In some cases, members of these teams

are located at different universities, and are able to interact through the use of the

communications and computertechnologies referred to earlier.

Balance Between Basic and Applied Research

We maybe seeinga shift in the balance between basicand appliedresearch with

in the academic environment, although here again the signs are mixed. There is

some indication that federal funding will move further toward the support of

long-term basic research, with the idea that industry will pick up the cost of

shorter term applied research. However, this approach may not be true with all

agencies, nor is it clear what the consequences wouldbe if it were. Susan Zolla

Pazner, professor of pathology at New York University Medical School, worries

about a transformation from "university to research institute, to industrial sub

sidiary," noting that, "The promise of continuing industrial support is seductive

but inevitably tied to commercial products and the bottom line" [17].

Certainly, industry's research priorities have changed, but what impact will

this change have on its support of academic research? Will industry carry out

short-term research on its own and support somewhat longer term research at

universities, or will there be an unfunded gap in between? John H. Gibbons of

the Officeof Scienceand Technology Policy, for one, is concerned [19]:

[Industry's] shorter product life-cycles and the international competitive squeeze

causes them to have shorter and shorter vision in terms of where they make their

future investments.And if they retreat toward the immediate market place, driven by

the realities of international competition, and if the government retreats back to fun

damental science, then what happens in the middle ground? It's been called the

"Valley of Death" for good reason. If you separate fundamental research from its

transformationand interaction with technology and subsequent markets, then you're

in a real deep hole.

Balance Between High-Risk and Low-Risk Behaviors

There is some evidence that as a consequence of the funding problems outlined

above, many faculty are less willing to do high-risk research. Some professors

are playing it safe by concentrating on less risky projects that they feel have a

higher likelihood of success. By "high risk," one usually is referring to ideas for
which there is little preliminary data to support a proposal, a venture into a new
field, an attempt to develop a new model or a neworganism, or inventing a need

ed instrument [20, p.l].
Although it has always beentrue that faculty in general cannotaffordto have
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too manystudentdissertations that result from inconclusive or negativefindings,

a recent report, Science: The End of the Frontier?, notes that [16, p.ll]:

As a consequence of the increasingly difficult search for funding, academic

scientists are less willing to take chances on high risk areas with potentially big

payoffs. Instead, they prefer to play it safe, sticking to research in which an end

product is assured, or worse, working in fields that they believe are favored by

funding agencies.

A professor of biology at Carnegie-Mellon University put it this way [16,

p.ll]:

We are tending to do "safer" projects, avoiding the high-risk, but high-payoff

projects. With the presentclimate we cannot afford to have experiments not work.

However, as with competition and cooperation, there is another possibility.

Ursula Goodenough, president of the American Society of Cell Biology and a

professor at Washington University in S1. Louis, does not think keeping risky

ideas out of proposals is such a good strategy. "I have seen reviewerssay, 'This

is tine, everything ought to work, but the answers are boring,' and they give it a

middlepriority," commentsGoodenough. She thinksbetter advicefor young sci

entists is to give a mix of some tried and true experiments and some neat and

interesting ideas, with experiments that will address them [20, p.l].

Both the National Institutes of Health (NIH) and the National Science

Foundation (NSF) have special sectionsto fund what NIH determines are "high

risklhigh-impact" proposals [20, pp.8-9]. These "sugar grants," in NSF termi

nology, provide a small amount of money for a short period to allow an investi

gator to check out an interesting idea and develop it to the point where it could
be submitted for a normal grant [20, p.9].

One thing is clear; we are seeing a shift away from stand-alone projects that

do not contribute to a "stream of ideas," and movement towards programs in
which the results of each project build on the efforts of previous work and are
seen as part of a greater whole. Such programs do not always have to be large;

they could involvejust a few faculty or perhaps even just one faculty member.

But theydo needto buildover time.They will need to be compelling overall,and

notjust interesting to the specificinvestigators. They do not all have to take place

at Research I universities, particularly with the coinvestigator possibilities dis

cussed above, but they will have to be cutting-edge.

Will the pressures outlinedabove compel faculty to take fewer risks in their

teachingand course development or will the new technologies lead in the oppo

site direction? William Wulfof the University of Virginia believesthat it will be

the latter, and that the new information technologies wi11 affect the education
process in a profound way [I, pp.49-50]:
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More fundamental is theopportunity to involve students in the process of scholar
ship rather than merely in its results. We like to say that we teach students to think,
not merely to learn rote facts, but in truth we mostly limit them to thinking about
what has been thought before. We can't askthem toexplore new hypotheses because
of the practicalities of access to sources and the sheer grunt work of collecting and
analyzing data. Information technology eliminates those impediments.

I believe a number of faculty will respond to the above factors in ways that

lead to an enhancement of the many forms of scholarship, that is, to an improve

ment in the discovery, integration, application, and dissemination of knowledge.

This enhancement will not take place with all faculty at all schools, of course,

and one of your tasks in choosing a graduate school, postdoc institution, and

starting professorship position is to identify places where such outcomes are

more likely. How to do so will be looked at more closely in Chapters 4-9.

The Laboratory Without Walls

The following vignette describes an innovative, multiuniversity collabora

tion program made possible through current developments in information and

computer technologies.

Paul Losleben
Stanford University

I've been in this business for over 30 years. and I've never seen anything with

the impact of the present revolution in computing and communications. It's like

we've passed a threshold. and suddenly things are easy. The Internet is seeing

a 15-20% growth rate per month. This is more than just an occurrence; this is

a phenomenon.

So says Paul Losleben, senior research scientist in the Electrical

Engineering Department at Stanford University. He is also the remote
services manager of the National Nanofabrication Users Network (NNUN),
a "colaboratory," linking Stanford University, Cornell University, Howard

University, and the University of California at Santa Barbara in an interest

ing new form of research collaboration.

Losleben, who has had a hand in a number of innovations over the
years dealing with the way research is conducted, is particularly excited
about the Internetdevelopment. As he puts it, H It's the first opportunity for
researchers all over the world to collaborate in ways neverbeforepossible,
to not only do old things in new ways, but to do new things in new ways.



Chapter 3 New Challenges for the Professoriate

"When we thinkof the Internet or the Web, we thinkaboutgettinginforma
tion," notes Losleben. "But, you can also connect to people and to unique
pieces of equipment at sites all around the world." Losleben likes to point
out the impact such collaboration can have, not only for investigators at
major research universities, but also for those at the smaller, less endowed
ones. "Many of these smaller universities have first-rate people," he says.
"What they often lack is a criticalmassof colleagues with whomto collab

orate. The Web changes all that. Just as the country doctor can now com
municate with physicians at advanced facilities in metropolitan areas, pro
fessors at smaller institutions can collaborate, and even share facilities
remotely, with their counterparts at largeruniversities."

Most researchers, of course,already communicate witheach other. But
they do so via conferences, transactions (publications), and personal corre
spondence. "Conferences usually take place annually so information from
them is often a year old," comments Losleben. Transactions, in
addition to having a low bandwidth, often reflect built-in delays between
completion of research and publication of up to two years. Personal corre
spondence is good, but people are often hard to reach. "We particularly
want to improve the personal communication part," says Losleben.

"Increasing the efficiency here can lead to big productivity gains. By
creatingnew opportunities for communication via the Internet, you expand
the pool of ideas available to everyone."

Professors are often at a disadvantage if they only have access to
equipment they can support out of their own research program. This
disadvantage is particularly true as the cost of equipment and facilities
continues to skyrocket. The goal of NNUN is to advance semiconductor
technology by sharing ideasand facilities to manipulate and design materi
als at the atomic level. Equipment availability is critical in this area since
the cost of doing research has become so high.As Losleben puts it, HIfyou
can only buy what you can supportout of your own research program, you
lose; if your ideas are limitedto the group at your university, you lose."

Such "laboratories without walls"are now springing up all over North
America. Questions such as, "How do I find, evaluate, and connect to such
operations?," "Whencan I use them?,""How muchwill it cost?,"and"How
do I pay for it?" can all be answered usingthe Web. According to Losleben:
"Researchers now, or soon will, have unprecedented numbers of resources
at their fingertips. You can transactbusiness, engage in buyingand selling,
test computer models, and run experiments, all from different locations."

Losleben also notes that every published piece of research has a lot of
information behindit, suchas experimental data,benchmarks, and ideasnot
pursued. By putting this information on the Web, researchers can benefit
from, and buildon, the workof others.However, it is now possibleto carry

this information exchange a step further via what Losleben calls "active
papers." Such an approach replaces much of the empirical research

currently taking place, with computermodels so that one cannot only read
the paper, but "run the paper."

77
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We are also, he feels, on the verge of breaking the eight-meter rule,
which states that most meaningful interactions take place among people
who are physically within eight or so meters of each other. "With the

Internet, you can probably access more resources more easily than at Bell

Labs at the heightof its glory," says Losleben.

As noted above, Losleben is no stranger to innovation. Prior to
coming to Stanford in 1986, he held various positions at the Defense
Advanced Research ProjectsAgency(DARPA). There, amongother things,
he was responsible for the development of the Very LargeScale Integration
(VLSI) fast-turnaround implementation service (MOSIS) that provided
fabrication, parametric testing, and packaging of VLSI circuit designs

produced by over 300 research and educational institutions geographicaJly
distributed across the United States. In some ways, MOSIS was a
forerunner of the NNUN program. "But this 'laboratories without walls'

collaboration is like nothing I've ever seen," says Losleben. "It's reaJly

going to change everything."

SUMMARY

We began this chapter with a look at some of the factors likely to bring about

significant changes in teaching and research. These included the increasing use

of communications and computational tools, the increasing focus on interdisci

plinaryprograms, the prospects of decreasedgovernment funding, the increasing

costs of doing research, and the changing role of industry in academic research.

We then discussed the implications these changes have for the broader area

of faculty scholarship, as well as the balancesfaculty strike betweencooperation

andcompetition, basicandappliedresearch, andhigh-risk and low-risk behaviors.

We concluded with a vignette describing a multiuniversity collaboration

program using state-of-the-art computerand communication tools.

As tomorrow's professor, you need to know that the challenges and oppor

tunities outlined in this chapter are here to stay. The impact of each will vary

somewhat across disciplines and types of schools, but in one way or the other,

they will affect all faculty. They are a part of the future academic reality, and are

therefore a part of what you are going to be dealing with as a professor.

The question, as you begin to prepare for an academic career, is: "How can

I gain an understanding of these issues as well as some experience with them in

a way that will better prepareme for my role as a professor, and at the same time

make me more competitive as I enter the job market for academic (and possibly

nonacademic) positions?" We will look in detailat this important questionin Part

II, "Preparing for an Academic Career."
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CHAPTER 4

Your Professional

Preparation Stategy

During my graduate study at UCLA, and most of my three-year academic

postdoc that followed, I thought I would end up in industry. But I see now that I
was also preparing for an academic career. As an undergraduate at U.C. San

Diego, I held some discussion sessions, and liked it. At UCLA, I was a lA. for

most of my time, and did verywell (won many awards), and again, really liked

it. Near theend of my postdoc, a position at SanJoseStateUniversity (SJSU) was

brought to my attention, and I decided to apply for it. I also applied to a number

of otherschools as well. I was looking fora placewhereteaching, research, and

service werevalued, and this seemed to be it. San Jose Statehod a veryexten
sive national search going on, and they knew iust what they wanted. I learned
that they viewed me as more interested in research than teaching, so when I got
back to UCLA to finish mypostdoc, I arranged to teach a five-week section of a

biochemistry course. I informed SJSU of this, and it made all thedifference. They
made mean offer, and I've been here ever since.

Pam Stacks, Professor and Chair of Chemistry,

San Jose State University, San Jose, CA

If you chooseto pursue an academic career, you will be making what psycholo

gists liketo call a "consequential decision." Indeed, exceptfor choosing a spouse

or deciding to have children, it is hard to imagine a decision with a greater life

altering impact. When you considerthat it usually takes up to 15years from the

beginning of graduate school, through a postdoc, to the possible awarding

of academic tenure, you can see why such a decision must be made very

carefully-andnot too quickly.

To pursue an academic career, you will almost certainly need to pursue
a Ph.D. since today it is difficult to have the first without the second. If you
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also consider that there are now more Ph.D.s and postdocs in science and engi

neering looking for academic positions than there are positions available, your

decision becomes even more important, and more difficult. In some fields, such

as electrical engineering and chemistry, where there has always been a path for

Ph.D.graduates in industry, the oversupply is not as great as in other areas, such

as civil engineering and high-energy physics, where there are fewer long-term

options for Ph.D.s outside academia [1, p.2-3]. To make matters worse, in some

fields of scienceand engineering, there is an oversupply of Ph.D.s in all sectors:

government, industry, and academia [I, p.ES-8].

What lessons can be learned from the current situation that will help

you decide what to do, and depending on that decision, enhance your chances

of starting on the professional career of your choice? While avoiding unwar

ranted optimism,we must also guard against undue pessimism. In Mercury, The

Journal of the Astronomical Society of the Pacific. Peter B. Boyce applies this

to astronomy [2]:

Realism. not cynicism. is the best response to employment trends in astronomy.

Professorsand teachersmust telI studentsabout the shakyjob market. train them for

a wide range of careers, and not lead them to believe that nonacademic positionsare

somehow inferior.

The key to your decision is the following:

• Follow your passion.

• Understand what you can and cannot do with a Ph.D., and whatever you

pursue, be sure it is for the right reasons.

• Do not assume the current problems. with respect to available positions,

will result in a drop in the supply of Ph.D.s or postdocs by the time

you graduate.

• Do not assume there will be significant improvement in the demand for

Ph.D.sor postdocs by the time you graduate.

• Given the above, if you still want to proceedwitha Ph.D.and possibleaca

demic career, do so by adopting a preparation strategy that significantly

increases your chancesof getting the position you want.

The strategy proposed here is a three-pronged one of developing breadth as

well as depth, pursuing multiple options, and at the same time thinking ahead,
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looking ahead, and actingaheadof yourcurrentstage in waysthat establish your

readiness for an academic career.
Before we examine this strategy in detail, let us look more closely at the

decision to pursue an academic career.

THE DECISION TO PURSUE AN ACADEMIC CAREER

Thereare certainly many other thingsyoucan do witha Ph.D. besides becoming

a professor, and we will lookat someof themin the sections to follow. However,

withveryfewexceptions, youcan no longerbe a professor in a four-year college

or university without a Ph.D., or its equivalent. In all science fields, and in some

engineering fields as well, your Ph.D. is almostalways followed by a periodof

two-four yearsas a postdoc prior to seeking an academic position.

Earning sucha degreeis no small matter. It requires an exceptional capabil

ity and a significant commitment of time and resources. To be sure, it opens the

doorsto certainoccupations, but it alsoclosesthe doorsto othersby making you

appearunsuited or overqualified. What then, is a Ph.D. [3]?

The doctor of philosophy degree is the highest academic degree granted by North

American universities. Ph.D. programs are designed to preparestudents to become

scholars, that is, to discover, integrate, and apply knowledge, as well as to commu

nicateand disseminate it.

A doctoral program is an apprenticeship that consistsof lectureor laboratorycours

es, seminars, examinations, discussions, independent study, research, and, in many
instances, teaching.

The first year or two of study is normally a probationary period, during which a

preliminary or qualifying examination mightberequired. The probationary period is

followed by an examination for admission to full candidacy, when studentsdevote

essentially full-time to completing dissertation research. This research, plannedwith

the majoradvisor and the dissertation committee, usually takes 1-3 years, depend

ing on the field. An oral defenseof the researchand dissertation before a graduate

committee constitutes the final examination.

You should pursue a Ph.D. only if the thingsyou want to do actually require

sucha degree. In addition to collegeor university professorships, the mainother

possibility is someform of research and scholarship, possibly followed by man

agement of same in industry, government, or academia.

Do not pursue such a degree for the prestige and status it might bring, and

certainly not for the job security you think it will provide. As DavidGoodstein,

vice provost at the California Institute of Technology, puts it [4, p.I]:
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Do it if you love it. Don't do it because the Ph.D. is your ticket to an easy life,

becausethat's not true anymore. But if you love science and want to do research,you

should still do it.

James C. Fleet, assistant professor at the Tufts University School of

Nutrition, says it this way [5, p.l]:

Others have suggested that Ph.D.s should consider alternative careers in areas of

business, education or law, where scientific expertise may increase job prospects.

While this may be realistic for currently underemployed Ph.D.s, this is not a

plausible long-term strategy to help future Ph.D. candidates or graduates. The fun

damental flaw in this proposal is that it ignores the motivations that bring people to

study for a Ph.D. A love of science and an interest in discovery are the seeds that

graduate schools nurture into Ph.D.s.

I recognize that passion is not the only consideration, and that we make

career choices for a variety of reasons. One of these is often to impress others,

particularly our parents. According to Peter J. Feibelman, author of A Ph.D. Is

Not Enough [6], "A common theme in the minds of young scientists is impress

ing Mom and Dad.This strong motivation is to be cherished, of course, but only

if it does not overwhelm one's ability to make rational decisions."

If what you want to do involves teaching at a secondary school or commu

nity, technical, or engineering technology college, working in most business
settings, or performing much of the science and engineering in industry not
requiring a Ph.D., then do not bother studying for it; stop at a master's degree.

You will save yourselfa lot of time, and will most likely be much happier for it.

Why People Choose, or Do NotChoose, Academic Careers

There are manyreasonsfor wanting, or not wanting, to be a professor, and many

possible paths to getting what you want. The following are just a few of those

possible paths.

From graduate student to professor:

I knew for a long time that I wanted to teach, but I also liked doing research. I got

my Ph.D. in aeronautics and astronautics, but my real interest was in ships, in

particular an area called unsteady free-surface flows. I also wanted my research to

have some practical application. I applied to a number of schools right after getting

my Ph.D. The University of New Orleans was building a tow tank, and I knew if I

joined the MechanicalEngineering Department, I would also be around naval engi

neering faculty, which is what interested me the most. This access has provided me

with some interestingopportunities for cross-disciplinarycollaboration.

Norm Whitley, Associate Professor, Mechanical Engineering Department

University ofNew Orleans, New Orleans, LA
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From graduate studentto professor-twice:
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When I was a young girl, I used to "play teacher," give little lectures in my attic,

things like that. I also loved to read, and math came very easily to me. When I
graduated fromhighschool, I wentto the University of Iowawiththe ideaof return

ing to high school as a math teacher. But, as soon as I took calculus, I realized that

I didn't wantto go backto highschool andteachthe factoring of polynomials. I went

andgotmymaster'sdegreeat Creighton University, and in thosedays,youcouldget

a college teaching job with just an M.S. degree. So I stayed on at Creighton and

taught math full time. After awhile, I came to see that I really wouldbe better off

with a Ph.D., and Creighton even helped pay for me to do so at the University of

Nebraska. Eventually, I got my Ph.D.at the University of Minnesota after following

my husband around. I had no doubtas a Ph.D. studentthat I wanted to teachcollege

mathematics because I had already done so.

ELoise Hamann, Professorand Chairman

DepartmentofMathematics and Computer Science

San Jose State University, San Jose, CA

From graduate student, to postdoc, to professor:

As an undergraduate, I got started in research and really liked it. During my

doctoral studies at Colorado State University, I trained undergraduate researchers,

and also helped get other graduate students started on their respective projects.

These activities came naturally to me. As a postdoc in chemistry at Stanford

University, I learned a great deal about what it takes to maintain a productive

leading edge research group. I wasprepared to go eitherway, industry or academia,

after my postdoc, but the idea that I could also playa role in developing a teaching,
as well as research, program had a lot of appeal to me.

Shon Pulley, Assistant Professor

Chemistry Department

UniversityofMissouri-i-Columbia. Columbia, MO

From graduate student, to industrial scientist, to professor:

I had been a teaching assistant whileworking on my Ph.D. in electrical engineering

at Rensselaer Polytechnic Institute. I really liked it, and always felt that I would

returnto academia after a period in industry. But I felt that to know the real world,

youhadto get into the real world, and therewerecertainthingsyoucouldonly learn

in industry. I worked for IBM for ten years, and then decided to apply for profes

sorships. It was a lot of work, and it took me over a year to land a position. I know

that my industry experience helped me get the job, and that it has helpedme in my

teaching and research.

Kody Varahramyan, Associate Professor

Electrical Engineering Department

Louisiana Tech University, Ruston, LA
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From graduate student, to governmentscientist, to professor:

I gothooked on research as a graduate student at M.LT. AfterI gotmyPh.D. in atmos

pheric chemistry, I tooka job as a research chemist in theAeronomy Laboratory of the

National Oceanic and Atmospheric Administration (NOAA) in Boulder, Colorado. I

had thought aboutteaching, but theAeronomy Laboratory, with30 Ph.D.s, gaveme a

lot of freedom to pickand choose the topics I wanted to workon. I worked there for

abouteightyears, and then, on a leaveof absence from NOAA, I served for twoyears

as an associate program director at the National Science Foundation in Washington,

DC.This brought me to the attention of people in academia, and I thought it was time

for me to consider bothteaching and research. My experience in the government, and
particularly at NSF, certainly didn't hurt my application.

MaryAnne Carroll, AssociateProfessor

Department ofAtmospheric, Oceanicand Space Sciences

and Department of Chemistry
University ofMichigan, Ann Arbor, MI

From graduate student to industrialscientist:

I basically felt industry needed more Ph.D.s. When I graduated in the early 1980s,

all my friends wereaccepting academic positions, but I felt therewerereal problems

in industry that would benefit from people with Ph.D.s and the analytical skills

accompanying such degrees. I really liked the industry pace and the immediate

rewardsystem. I haven't regretted it for a minute.

CherylShavers, GeneralManager

AdvancedTechnology Operations

Intel Corporation, Santa Clara, CA

From graduate student, to professor, to industrialengineer:

I graduated from Wayne State in solid state physics, and I wanted to teach in the

Northeast, reallyupperNewEngland. I landeda job as an actingprofessor of physics

at the University of Maine. The university was one of the lowestpaying schools in

the country, and I knew I needed to supplement my income. I obtained a grant from

industry for summer research, but the university wouldn't let meearn the salaryI put

downon thegranteven though the industrial sponsorwas willing to pay it.They said

it wasn't fair to theotherfaculty. That reallyupsetme. I enjoyed mycontactwithstu

dents, but financially I just couldn't make it. So I decided to leave and take a good

job in industry in New England, and it's worked out very well for me.

Roger Verhelst, Senior Engineering Manager

IBM Corporation, EssexJunction, VT

From graduate student, to professor, to entrepreneur:

I think the real problem for me was that tenurecame too easily, and I beganto see it

as a trap, as a way to retire on the job, and I just couldn't do that. I was a professor

of actuarial mathematics at the University of Manitoba. We were a very small
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department, doingthe samethingover and over again. I wasbecoming obsolete. At

age 46 , an opportunity cameup in California to consult on a big computer science

project, andso I tooka two-year leaveof absence. Aftertwoyears, I started myown

company in Silicon Valley, and,of course, I didn't go back. It wasn't the weather or
anything like that. I likedthe university and I likedteaching, but I was getting stale

and I had to do something on my own,and I couldn't do it where I was.

S.Amir Bukhari, Executive Vice President and ChiefTechnical Officer

Cardinal Technologies, Inc., Sunnyvale, CA

Whatcan welearnfrom thesestories? Foronething, theyshow us that there

aremany pathsto an academic career, notjust onesthatgo directly froma Ph.D.,

or evenfrom a Ph.D. followed by a postdoctoral position. They also tell us that

thereare quite legitimate and rewarding careers witha Ph.D. outside academia,

someof which can be achieved aftera period as a professor.

Figure 4-1 shows possible paths one might take toward careers in science
and engineering. Moststudents obtain a master'sdegree before deciding if they

want to continue on for a Ph.D. The majority will decide not to continue,

but rather to pursue careers in high school or community or technical college
teaching, in government, or in industry. Still others may decide to work toward

a professional degree in law, business, or perhaps medicine. Those who contin

ue for a doctorate, eitherimmediately or aftera period in education, government,

or industry, thenhaveto decide whatto do afterobtaining theirPh.D. Forscience
Ph.D.s, the almost universal path is that of a postdoctoral position for a few
years priorto seeking a position as a professor or as a scientist in government or

Possible paths toward (oreers in sden(e and engineering.

• Following BS

From Industry

, • Ptofessonhip
IIG • Industry/Gowmment

D • 0Iherprofessional degree
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industry. Some Ph.D.s in engineering will do postdocs as well, but their more

common approach is to seek professorships or positions in government and

industry immediately afterobtaining theirdegree. As the figure shows, onecould

then remain as a professor or leave and go into government or industry, or vice

versa. The figure is not meant to represent all possible options, but it does illus

trate the mostcommon paths.

In making a decision to study for a Ph.D. and, in the process, possibly

preparing for an academic career, you need the right information. You can then

factor this information (knowledge) into your assessment of your own interests,

needs, capabilities, and strengths. We will look at this process more closely in a

later section, but first let us see what is goingon with supply and demand.

SUPPLY AND DEMAND-WHAT IS GOING ON HERE?

No one has a crystal ball. Predicting future job opportunities in any field is a little

like predicting the stock marketor the resultsof a horse race. However, from where

we stand today, we project an abundance of engineering faculty positionswell into

the next century and a shortageof qualifiedcandidatesto fill them. For the past ten

years there has been a widely publicized shortage of engineering faculty, and all

indications suggest that this shortagewill continue'.

Job openings for college and university faculty will expand by 23,000, with the best

opportunities for professors in business, engineering and science... There will be a

shortageof 7,500 naturalscientists and engineerswith doctorates by the year 2,()()()2.

Sounds terrific, but wait!

Ask graduate students about the job market. In scores of disciplines the answers

willbe muchthe same:Theyare findingthatadvertised positionsat little-known col

leges attract hundreds of applicants, the first 100 being from Ivy League

post-doctoral students.

How can this be? As recently as 1990, we were reading reports written by distin

guishededucatorspredicting a shortageof professors throughout the 90's. Heeding

these predictions we encouraged our best studentsto go to graduateschool,and they

followed our advice, swellinggraduate enrollment to record numbers. Now they

and we-are reapinga harvestof bitterness and embarrassment'.

I From An Academic Career; It Could be for You. by Raymond Landis, published by the

American Societyof Engineering Education, 1989.

ｾ From The J00 Best Jobs for the J990s and Beyond, by Carol Kleiman, Dearborn Financial

Publishing, Inc., 1992, pp. 176-177.

, From Chronicle ofHigher Education, by Shirley Hershey Showalter, Aug. 10, 1994.
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Down in the trenches they call it "The Myth." It's the idea, which started to make

the rounds around 1987, that the nation faced a shortage of scientists. A wave of

retirements in academia, plus burgeoning demand for scientists and engineers in

high-tech industry, would create a short-fall of 675,000 scientists and engineers,

crippling industrialcompetitiveness and threatening national security. Heeding the

nation's call (and lured by a visionof recruiters beatingdown their dormitorydoors)

studentslaboredthroughorganicchemistryand differential equationsto earn a bach

elor's degree in scienceand in manycases, pushedon to graduateschool. Now"The

Myth" has metreality, and reality bites',

Figure 4-2 shows some recent headlines that capture the concern and

frustration many feel aboutthe present situation.

Recent headlines regarding the academic iob market.

..From "No Ph.D.'s Need Apply," Newsweek, by Sharon Begley with Lucy Shackelford in

Washington and Adam Rogers, December 5, 1994.
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So what is goingon here?Clearly, therehas beena significant changein just

a few years in both the supply and demand for full-time, tenure-track positions

in science and engineering. How did this happen, and why did it come as such a

surprise?

In a pure market economy, the demand for science and engineering profes

sors would be proportional to the number of students taking science and

engineering courses plus the number doing science and engineering research in

graduate school. This demand, in tum, would dependon the number of students

enrolled in higher education, the number of those required to take science and

engineering courses, and the number who wish to do so because they are major

ing in science, engineering, or related fields. It is among the latter group that

there is the most variation. At the undergraduate level, this number ebbs and

flows over a period of years, often in response to the perceived need for such

graduates in industry. However, since it takes four or five years to obtain a

bachelor's degree, the supply of science and engineering graduates is often

out of phase with the demand. The number of graduate students choosing to

pursueacademic careers is also related to the perceived supplyand demand for

professors, and here the demand is also oftenout of phasewith the actual supply.

Of course,a true marketeconomy does not operate in an academic environ

ment, and so the picture is more complicated. The increase or decrease in the

number of science and engineering majors does not necessarily result in an

increase or decrease in the funds available to support faculty. Even in private
schools, the fraction of tuition going to supporting the institution is often
less than half the total operating budget, and it is much less than this for public
institutions. Furthermore, such tuition income is only roughly distributed to
departments in proportion to the number of students taking courses in such
departments. Add to this factor the matterof howfaculty hiringcontracts are set,
tenure, faculty retirement rules, and distribution of funds among departments,
and you have the case where faculty are not simply hired, or fired, in direct

response to increasing or decreasing enrollments in a given field.

There are reasons to believe the supply, even back in the late 1980s, was

not as insufficient as argued since the number of Ph.D.s has been increasing

steadily over the last 20 years [5, p.IO]. There is no question that it has increased

over the last halfdozenyears, for bothpredictable and unpredictable reasons. The

very predictions of a shortage in the late 1980s led to the expected result: an

increase in the number of students entering Ph.D. programs. As DavidGoodstein,

Vice Provost at the California Institute of Technology, puts it [5, p.l 0]:

Even just the rumor that there might be academic jobs at the end of the decade

prompted a large increase in the enrollment of American students in graduate school.

The problem solved itself instantly if there was going to be a problem, but it was

never going to be a problem.
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Furthermore, as companies downsized in the early 1990s, demand for all

typesof degreeholders dropped, and this drop encouraged someundergraduates

to stay in school and continue for advanced degrees.
Supply can also be affected by events that, for the mostpart, could not have

been anticipated. For example, when the Tiananmen Squareuprising took place

inApril 1989, mostof the relatively largenumber of Chinesemathematics Ph.D.

students in the United States applied for, and received, political asylum,

allowing them to stay in the UnitedStates indefinitely. The granting of political

asylum resulted in a considerable bulge in the supply of mathematics graduates

looking for professorships. Similarly, when the Soviet Union broke up, a

number of senior Ph.D. mathematicians, some with 50 or more publications,

became available. Manyof thesepeopleweredelighted to takejobs in the United

States at assistant professor ranks and salaries. Bothof theseevents had a smaller,

although still significant, impact in otherareasof science andengineering.

Change in demand can also manifest itself in unpredictable ways. The

launching of Sputnik in the late 1950s and the Star Wars program of the

mid-1980s are two examples. In the late 1980s, a wave of retirements was

predicted based on the hiring of professors in the 1950s and 1960s. However,

unanticipated changes in retirement laws resulted in a delay in the expected

retirement of many of these professors. Yet, all of these people will eventually

retire, die, or otherwise leavethe profession. By the year 2008,nearly halfof the

595,000 full-time collegefaculty members in the nationare likelyto retire. These

retirements shouldalsocoincide withan increase in collegeenrollments predict

ed by somedemographers. For example, California alonepredictsan increase in

collegeenrollments of some455,000students by the year 2005 [7]. Yet, for the
reasons outlined in Chapter 1, not all retiring teachers will be replaced by full
time, tenure-track professors [8]. Also, it is not clear what impact increases in
productivity via advances in communications and other technologies will have
on the demand for professors.

Another problem is that the groundis shifting in all areasof employment for
science and engineering Ph.D.s. This fact is summed up in a recentreportof the
National Research Council's Committee on Science, Engineering, and Public
Policy (COSEPUP) [1, pp. E-2-E-3].

Hence, the three areas of primary employment for Ph.D. scientists andengineers

universities andcolleges, industry, andgovernment-are experiencing simultaneous

change. Thetotal effectis likely to be vastly moreconsequential for theemployment
of scientists andengineers thanany previous period of transition has been.

In lightof the aboveoversupply, somehave advocated reducing the number

of Ph.D.s by specifically limiting the enrollment of graduate students in science

andengineering. Afew schools haveindeedinstituted whatRoman Czujkoof the
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American Institute of Physics calls "graduatestudentbirthcontrol,"withCornell

University going the furthest by taking only 19 instead of its typical 40 physics

Ph.D. students [9].

However, most schools do not have much of an incentive to reduce their

graduate student populations. Kevin Aylesworth, theoretical physicist and

founder of the Young Scientists Network, asserts that, "Becauseadvisors depend

on graduate students to put in many hours in their labs, they don't want to

discourage graduate students from their narrow task of research" [4, p.IO].

Othershaveargued againstartificial limitations on supply, notingthat it will

not help thosenowseeking jobs, and that a betterapproach is to seekgoodadvice

followed by an application of the free market. The COSEPUP study referred to

earlier concludes [1, p.ES-8]:

Nevertheless, we see no basis for recommending across-the-board limits on enroll

mentfor threereasons: First,conditions differgreatlyby field and subfield. Second,

we believe that an extensive, disciplined research experience provides valuable

preparation for a wide variety of nontraditional careers for which scientific and

technical expertise is relevant. Third, limiting actions would have little immediate

aggregate impacteven if they could be orchestrated effectively. Instead, we believe

that our recommendations of greatly improved career information and guidance

will enhance the ability of the system to balance supply and demand. When the

employment situation is poor,better-informed students willbe able to pursueoptions

other than a Ph.D.; when the market is expanding, students will be able to move
more flexibly and rapidly in the direction of employment demand.

It is also important to not make the mistake of assuming that just because

supply exceeds demand, there is no demand. We are always going to need new
professors. In fact, the latest predictions call for a constantacademic hire rate of
5% for at least the next 15 years [10]. Yet, given the unreliability of any predic
tion, the approach for you to take is a conservative one that assumes there will

be no decrease in the supply of graduates seeking academic positions and no

increase in the demandfor such positions.

Probably the best advice comes from Joseph S. Merola, directorof graduate

education for the Chemistry Department at Virginia Polytechnic Institute and

State University. Speaking specifically of science, but in terms also applying to

engineering, he notes [4, p.IO]:

I thinkscienceas a career is still a goodchoice. But if you viewa Ph.D. in the same

way that you view a vocational school-that it's going to give you some skills
and thoseskillsare goingto be marketable-that's a bigmistake. You haveto go into

science because almost from the day you were born you found yourself investigat

ing' you foundyourselfbeingcurious, you found yourselfplayingin the labor build

ing things, and this is exactly what you want to do with your life. So long as you

have that internal motivation, science is a good career.
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As noted above, there are plenty of interesting and worthwhile things you

can do in science and engineering without a Ph.D., but there are some things,

such as becoming a professor, for which a Ph.D. is almost always essential. If

these are the things you think you want to do, then by all means, go for it!

However, do so with versatility and flexibility so as to maximize your chances of

success. Developing a strategy that will help you do just that is the subject of the

next section.

THE THREE-PRONGED PREPARATION STRATEGY

A strategy, or overall plan, for achieving your goals is necessary because you

have limited time, energy, and material resources. The plan should be flexible

enough to allow you to explore different possibilities, and at the same time

prevent you from running into too many dead ends. It should also allow you to

assess progress toward your goals, and to make necessary adjustments along

the way. A good strategy gives you a feeling of accomplishment as well as a

reference point during your journey, often at times when you need it the most.

Also, as noted in Part I, fundamental changes are taking place in academia with

respect to teaching, research, and other forms of scholarship. Having a strategy

that helps prepare you for these changes can be particularly valuable.

The strategy proposed here has three components: (1) Breadth-on-Top-of

Depth, (2) Next-Stage, and (3) Multiple-Option, as shown in Figure 4-3. Each

approach complements the other, and all can be carried out simultaneously dur

ing your graduate student and postdoc periods. Let us take a look at each of these

approaches in detail.

Three-part preparation strategy.

THREE-PART PREPARATION STRATEGY

e- ｾ
Breadth-on-Top-of Depth Next-Stage Multiple-Option
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Breadth-on-Top-of-Depth

In the Breadth-on-Top-of-Depth approach, you seek to place your developing

expertise in a broadcontext. By doing so, you are better able to see connections

between your work and that of others, to makea morecompelling case for your

own contribution, and to be able to develop related areas of depth should the

situation call for it.

One way to look at the concept is to imagine a capital "T." Here, depth is

represented by the stem of the "T" and breadth by the cross bar. The first thing

to understand about this concept is what it is not. Breadth-on-Top-of-Depth does

not mean breadth in place of depth, nor does it mean breadth over depth in the

sense that breadth is more important than depth. Breadth-on-Top-of-Depth

means breadth in addition to depth. Developing depth, be it in a research area,

anotherform of scholarship, or the teaching of a particular course, is essentialto

academic success. You need to be known for something, and that something

needs to be both important and unique. The last thing you want to be is "a mile

wide and an inch deep." However, there are at least three good reasons for

developing breadth in addition to depth.First, by increasing yourknowledge and

exposure to related areas, you create the possibility of developing additional

areas of expertise, "drilling multiple holes," as one faculty member put it.

Second, by knowing what is goingon in relatedareas, you increase the opportu

nities for collaboration in ways that can enhance your own scholarship. Finally,
by placingyour work in a largercontext, you give it greater meaning and make
it more compelling to a larger audience, which in tum makes it easier to justify
and support.

As we will see in the next two chapters, the conceptof Breadth-on-Top-of

Depth applies to all areas of research and teaching, not just to the choice of a
specific research topic. By wayof illustration, consideryourchoiceof a research
advisor. As we will see in Chapter5, no matter who you end up "choosing" as

your advisor, this one person will have strengths and limitations with respect

to managerial style, knowledge of the field, and contacts with industry and

government. In seeking Breadth-on-Top-of-Depth, you will want to identify

"complementary" advisors, one or moreof whommay be in industry or at anoth

er institution. These additional advisors can make up for deficiencies always

found in any single advisor. Also, by choosing to work with complementary

advisors, you broaden your experience and your exposure to opportunities that

wouldotherwise not be possible.

Next-Stage

In the Next-Stage approach, you thinkahead, lookahead, and to somedegreeact

aheadof the stageyou (andyourfuturecompetition) are currently occupying. By

doing so, you not only demonstrate your willingness to assume the role of the
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position youare seeking, butalsoyourreadiness to do so. Just as mostof the best

graduate students began taking graduate courses and/or conducting research

as college seniors, you need to begin doing some of the things professors do
while you are still a graduate studentand postdoc. Today, it is not enough to be
outstanding in your current job; you must also demonstrate that you can be

successful in the nextjob for whichyou want to applyby actually performing in

advance someof the activities and responsibilities that are part of that job.

Beloware someareas in whichdemonstrating this "next-stage" competence

wouldbe important. As we will see in the next two chapters, no one expects you

to demonstrate all of them. However, doingat leastsomeof themwilldistinguish

you from most of your competition, and within limits, the more you can do,

the better.

• Research-In addition to having identified a dissertation or a postdoctoral

research project that is compelling as opposed to just interesting, look for

waysto engagein cross-disciplinary and multidisciplinary activities withfac

ulty and students from other areasor departments. Obviously, you will want

to pursuesuch activity with the support of your advisor.

• Technical reviewing-Find opportunities, both formal and informal, for you

to review papers, grants, and proposals written by others.

• Proposal writing-In addition to reviewing the proposals of others and

contributing sections to your advisor's proposals, write your own proposals

and grant applications for research that you want to do as a professor.

• Supervision of other students-As you advance in your development as a
graduate student or postdoc, find ways to play a more formal role in the
supervision of other students, both undergraduate and graduate.

• Publishing-Coauthorship is fine, but make sure you publish at least one
article in whichyou are the first author.

• Presentations at conferences-Establish a recordof givingtechnical presen

tations at conferences in which faculty and industrial researchers are present.

• Relations with industry-Visit various research sites and give technical

presentations, use equipment, samples, and other industry resources in your

research, conductjoint investigations, publish with industrial collaborators,

and consider internships and other forms of employment with industry or
government laboratories.
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• Teaching-Plan to acquire at least some experiences beyond those of a

typical TA, such as giving lectures, covering sections of a class, or even

taking full responsibility for a course.

The key steps in the Next-Stage approach are to ask questions (thinkahead),

makeobservations (look ahead), and acquireexperiences (act ahead)by putting

yourself in the right places at the right times and tuning your antenna to the

gathering of the right information, You can do the above in a variety of settings,

such as classrooms, laboratories, faculty offices, staff meetings, seminars

(particularly with guest speakers from other schools), professional conferences,

private discussions with students and faculty, and during visits to industrial and

government R&D facilities. In all cases, the key question is: Am J likely to

encounter thissituation asa professor, orfuture industrial scientist orengineer, and

if so, whatcan [learn from it thatwillhelp to betterprepare mefor sucha role?

The Next-Stage approach involves activelyseekingexperiences that you are

likely to encounterin the future, and we will look at a numberof them in greater

detail in Chapters 5 and 6.

Multiple-Option

In the Multiple-Option approach, you prepare concurrently for possible careers

in academia, government and industry. There are four reasons why you should
considerdoing so:

1. At this point, you probably do not knowenoughabout all the thingsyou

can do with a Ph.D. to zero in exclusively on anyone of them.

2. By preparing for more than one possibility, you significantly increase
yourchancesof professional employment after your graduation or post

doctoral experience.

3. By doing things that will make you more attractive to industry and

government, you will, paradoxically, make yourself more attractive to

academia. This increased attraction occurs because most colleges

and universities want science and engineering faculty who can interact

effectively with the other two sectors.

4. A corollary to (2) and (3) is that with the increase in part-time faculty

positions, an industry/government careeroptioncan allow you to accept

suchpart-time teaching whilekeeping openthe possibilities of long-term

academic positions at a later date.
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While most beginning graduate students have little accurate knowledge of

whatit is like to workin the various employment sectors, manyhavepresetideas

that prevent them from considering options that might be quite beneficial. By
exploring multiple options and not making up your mindtoo soon, you avoid the
mistake of not pursuing an academic careerwhen, if you had additional informa
tion, you would have chosen to do so. You also avoid the reverse: choosing to

pursue an academic career when, if you had additional information, you would

have decided otherwise.

As someone considering an academic career, you have a particular

advantage. You have seen your future profession in action throughout your

undergraduate and graduate study. However, what you have seen is only a

portion of the professional lifeof a faculty member, andone purpose of the three

pronged strategy is to help you learn as much as possible about the rest before

making a final decision.

In describing the rewards of an academic career, Ray Landis, dean of

engineering and technology at California State University, Los Angeles, sent a

survey to the nation's engineering deans, asking this question: "If you were to

talkwithoneof yourbestundergraduate students, whatwouldyou tell himor her

are the rewards of a faculty career?" The responses, ranked in order of their

frequency, were [II]

I. Joys of teachinglRewards of working with students

2. FreedomIFlexibility

3. Work environment

4. Rewards of research

5. Variety of work

6. Financial rewards

7. Lifelong learning

8. Job security

It would havebeeninteresting hadLandisalsoaskedthedeanswhattheythought

were the least rewarding aspects of a faculty career.

Richard Bube, former chairman of the Materials Science and Engineering
Department at Stanford University, thinks that muchof the above is pure myth.
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As he puts it [12]:

An idealized view of a career as an engineering or science professor at a major

research university involves quickly earning tenure, spending time helping young

mindsdevelop, and measuring personalsuccessby the maturation of one's students.

One participates in a community dedicated to truth and does research in its pursuit,

studying problems of personal interest. Safe in an "Ivory Tower," one has time to

thinkand be absorbed by scholarlypursuits, enjoyingthechanceto workone-on-one

with students.

Even though Bube's comments apply to research universities, and Landis's

results cover a broader spectrum of schools, the two contrasting views raise

important questions about what is real and what is rhetoric in statements about

the 1ife of scienceand engineering professors.

Similar misunderstandings can apply to positions in government and indus

try. In some fields, such as computer science, electrical engineering, chemistry,

geology, and certain areas of biology, there is a history of Ph.D.s accepting

positions outside academia, and consequently a greater understanding of what

these positions are like. In other science and engineering fields, industry posi

tions for Ph.D.s are much less common, and attitudesabout such options reflect

this lack of experience. As William Jaco of the American Mathematical Society

notes: "It is important to change the traditional view that the only job worth

having is in academia. The cultureof the scienceand mathcommunity considers
anything short of academic employment a failure. Wehave to change that" [9].

As one industrial research manager recently observed [I, p. 2-20]:

Most recent graduates, particularly those who have not summer-interned, do not

have the foggiest idea of what industrial research is all about. Some even think that

using or developing technology to do something useful is not researchand if it is a

product that makesa profit, is even slightlydishonorable.

However, Ph.D.s are increasingly finding employment outside universities,

and moreand moreare in typesof positions that they had not expectedto occupy

[1, p.6-3]. Figure 4-4 contains some recent headlines that make this point.

With the Multiple-Option approach, you are encouraged to gain a varietyof

skills applicable to many sectors of Ph.D. employment. According to the

Committee on Science,Engineering and Public Policy report, this greater versa

tility can be promoted on two levels [1, p.ES-4].

On the academic level, students should be discouraged from over-specializing.

Those planning research careers should be grounded in the broad fundamentals

of their fields and be familiar with several subfields. Such breadth might be much

harder to gain after graduation.
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Recent headlines regarding the industrial iob market for science and engineering Ph.D.s.

On the levelof careerskills,there is value in experiences that supplyskillsdesiredby

both academic and nonacademic employers, especially the ability to communicate

complex ideas to nonspecialists and the ability to work well in teams. Off-campus

internships in industry or government can lead to additional skills and exposure to

authentic job situations.

As noted earlier, one advantage of the Multiple-Option approach is that by

making yourself attractive to industry, you simultaneously make yourself more

attractive to many academic institutions. At first, this dual attraction may seem

counterintuitive. How can industry with its focus on shorter term applied

research be compared with academia and its focus on longer term theoretical

understandings? In spite of the tensionscreatedby such differences, industryand
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academia need each other more than ever. Having faculty with a knowledge of

industry who can work at the intersections of these domains is becoming more,

not less, attractive to academic institutions, including many at the Research I and

II levels.

APh.D. (areer in Industry

Academicpositions are not the only possibilitiesfor those with Ph.D.s in

scienceor engineering. In thefollowing vignette, ｾ ｶ look at a path that has led

to a very successfulcareer ill industry.

Cheryl L. Shavers
Intel Corporation

HI haven't regretted for a momentmy decisionto go into industry," says Dr.

Cheryl Shavers, the general manager of the Advanced Technology

Operation in the Technology and Manufacturing Groupat IntelCorporation
in Santa Clara,CA. But that is certainly not whatall her friends weredoing
with their Ph.D.s from Arizona State University (ASU) in the early 1980s.

"Most of the people I went to school with wanted to become professors. I

saw many of them putting their lives on hold with low paying postdocs, in

effect taking the low risk, easy way out," commentsShavers. "That wasn't

for me. I wanted to get going, get back to industry where I could make
things happen."

Growingup in the blackcommunity on Phoenix's SouthSide, Shavers
came to realize that of the few women she knew who went to college, most
becameeither nurses or teachers; that was the expectation. However, even
at an early age, only doing what was "expected" was not one of Shavers's
characteristics.

After observing how the police investigated a tragic homicide in her
neighborhood, Shavers became intrigued with the possibility of becoming

a forensic scientist. She did extremely well in math and science in high

school,and aftergraduation enrolled in a criminal justice programat a local

community college.She soon discovered, however, that to actually work in

a crime laboratory you needed a background in science, particularly

chemistry, and so she switched her major. "This was a life-saver for me,"

she says. "Chemistrywas a lot harder than criminaljustice, but it made all

the difference in the world in terms of my options." Shavers also discov

ered, after a summer internship with the Phoenix Police Department, that
she did not want to work solely in an environment that imposed so many
restrictions and provided such limited promotional opportunities.

Afterearning her bachelorof sciencedegree in chemistry in 1976,she
took a job at Motorola's Semiconductor Sector in Phoenix, AZ, where
she had a set of experiences that strongly impacted her futurecareer. In the
mid-1970s, Motorola required new college graduates like Shavers to take
graduate courses at a local university while they were working for the
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company. Shavers beganby takingMBAcourses, but foundthem less than
challenging. For intellectual stimulation more than anything else, she took
a graduate course in thermodynamics in the Chemistry Department. Her
professor soon recognized her potential, and offered her a fellowship to
study towarda doctorate in solid-state chemistry.

By this time, Shavers was also noticing a situation at Motorola that
would impacther decision to return to industry after completing her doc
torate. Mostof the peopleshe worked withwereeitheryoung, enthusiastic,
but naivestart-ups like herself, or very mucholderemployees who seemed
to lack the energy and drive of her younger colleagues. There were few
experienced, intellectually strong mentors with advanced degrees who
younger science andengineering graduates couldlook up to. Shavers want
ed to become sucha personwhilestill making a contribution to technology.

So, she left her $15,000 a year job at Motorola in 1978 for a $3300 a
year fellowship at ASU. "Most of my colleagues thoughtI was crazy," she
says, "but I saw this as a temporary move, as a way to get the credentials I
needed to return to industry and have the influence I wanted." Shavers
loved the graduate studentexperience, but wanted to get through quickly.
Three and a half years later, she left ASU with her Ph.D.

Shavers then took a job as a semiconductor process development engi
neerat Hewlett-Packard Company in Cupertino, CA.Afew years later, this
led to a job at Hewlett-Packard headquarters as a patent agent.
Subsequently, Shavers held positions as a factory manager at Wiltron
Company in Mountain View, CAand as a thin filmsapplication manager at
Varian Associates in PaloAlto, CA. "Varian taught me a lot about being a
manager and about a high-pressure business environment," comments
Shavers. "I did well, but it left me emotionally drained."

In 1987, Shavers was recruited by a Varian customer, Intel
Corporation, as a member of the technical staff of the Components
Research Group in Santa Clara, CA. In her current position as general
manager, she investigates future generation devices for PC platforms, as
well as peripheral chipsets that fit into Intel's strategic wafer investment
objectives. Shealsoparticipates in numerous university outreach, as wellas
community, programs. "Now," she says, "I am in a position, and at a time
in my life, where I can fulfill my original goals of mentoring younger
employees in the technical and managerial challenges of high-technology
companies." "Oneof my personal obligations," saysShavers, "is to provide
industrial soft landing padsfor students and interns whocometo Intel."She
works with these new employees to help them learn how to navigate the
ropes, to see that exciting contributions can be made in industry by people
with Ph.D.s who are not that mucholder than themselves.

Shavers does not like the term "role model," although as the only
senior-level, black female Ph.D. in the company, being seen as one is
inevitable. She does consider herself an example of what is possible for
bright, ambitious collegegraduates. And it is clear that, whileShavers may
havedecided not to become a professor, if her fellow ASUgraduates could
look at her now, they would certainly see a teacher.

103
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SUMMARY

We began this chapter by pointing out that the decision to pursue an academic

career is a consequential one with long-termimplications. It must be seen in the

context of the more basic decision to study for a Ph.D., since such a degree is a

prerequisite for virtually all academic positions in four-year collegesand univer

sities. We examined the basis for an academic career decision, including a

detailed look at the supplyand demand situationin scienceand engineering. For

those of you who wish to pursue a Ph.D., we proposeda three-pronged strategy

that will prepare you for an academic career while maintaining options for

careers in government and industry. The three elementsof this strategy, Breadth

on-Top-of-Depth, Next-Stage, and Multiple-Option, can be appliedto all aspects

of your preparation activities. Weconcludedthe chapter with a vignettedescrib

ing a successful career path in industry for a woman with a Ph.D. in chemistry.
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CHAPTER 5

Research as a Graduate Student

and Postdoc

Have the breadth to see the problems, and thedepth to solve them.
Anonymous

You will want to acquire a variety of research experiences before becoming a

professor. Some of these, such as choosing an advisor and completing a disser

tation, are common to all Ph.D. students. Others, like writing your own research

proposals and supervising other researchers, although technically not required

for your Ph.D. or postdoc assignment, can make all the difference when it comes

to your first years as a professor.

The key is to see your graduate student and postdoc experiences as the first

steps to a life of scholarship, not as the last hurdles to the completion of your

degree or postdoc assignment. This approach should be the case no matter what

type of academic or industrial position you ultimately occupy. Seen in this con

text, you will go beyond the minimum requirements and take additional steps

that can have significant returns for you down the road. The experiences we will

discuss in this connection include:

1. Choosing a graduate school or postdoc institution.

2. Choosing a research topic.

3. Choosing a dissertation advisor/postdoc supervisor.

4. Writing your own research proposals.

5. Carrying out your research.
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6. Publishing.

7. Attending conferences and other professional meetings.

8. Giving talks on your research.

9. Supervising other researchers.

10. Managing research projectsand programs.

We will take a look at each of these activities in the context of the three

elements of the preparation strategy outlined in Chapter 4, Breadth-on-Top-of

Depth, Next-Stage, and Multiple-Option. Figure 5-1 shows the relationship

amongthese threeelements and the ten research activities listedabove. Of course,

most of these activities do not stand alone. For example, choosing a graduate

school or postdoc institution, a research topic,and a research supervisor are clear

ly related. However, for discussion purposes, we will examine themone at a time.

CHOOSING A GRADUATE SCHOOL OR POSTDOC
INSTITUTION

Where you go to graduate school determines where you do your postdoc, and where

you do your postdoc determines where you become a professor.

Shon Pulley, Assistant Professor

Chemistry Department, University ofMissouri-Columbia

While it may not be quite that simple, it is certainly important to look ahead

when choosing a graduate school and postdoc institution. In so doing, keep in

mind that the institutions where you gain these experiences are not the places

where you are likely to start as a professor, so be sure you choose them for the

right reasons.

In the last chapter, we mentioned the importance of following your passion

in all mattersrelated to your research. The research experience is too demanding

and so full of setbacksand frustrations that if it is not accompanied by a desire,

even a zeal for the subject, it is unlikely to be sustained over time. That said, it

is also important to realistically matchyour passion and aspirations with a level

headedassessment of your skills and present level of achievement.

Consistent with the above factors, you shouldchoose a graduate schoolwith

the reputation of the university, and particularly the department of interestupper

most in your mind.Beingable to attend a schoolwith a strongreputation is more

than just a statementabout your capabilities and undergraduate preparation. The
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Research experience in the context of the three-part preparation strategy.

THREE-PART PREPARATION STRATEGY

ｾ 8- ｾ
Breadth-on-Top-of Depth Next-Stage Multiple-Option

> Choosing a graduate school or postdoc institution
> Choosing a research topic
> Choosing a dissertation advisor/ postdoc supervisor

I

> Writing yourownresearch proposal

> Carrying outyourresearch

> Publishing

r > Attending conferences and otherprofessional meetings

> Giving talks on yourresearch

> Supervising otherresearchers

> Managing research projects and programs

ｾ
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reputations of graduate schools are built on their faculties and on their graduate

students and postdocs. Each attracts and enhances the other. The better the

combination, the more likely you are to acquire the experiences that will make

you attractive to other institutions as a future professor.

Remember, however, that the reputation of a specific department may not

always coincide with the reputation of the institution as a whole, and in

somecases, the former can significantly exceedthe latter. This difference is par
ticularly true with departments in less common specialties, such as astronomy,
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agricultural sciences, and atmospheric sciences. For example, on average, the

Georgia Institute of Technology's engineering researchdoctorate programranks

12th out of approximately 250 institutions. Not bad, to be sure. Its Industrial

Engineering Department, however, ranks numberone [I]! You should look first

at the reputation of the department, and then at the reputation of the school.The

best source for this information in the United States is the current edition of the

Research-Doctorate Programs in the United States-Continuity and Change,

available in your library or from the National Research Council Office

of Scientific and Engineering Personnel, 2101 Constitution Ave., Washington,

DC, 20418.

For postdocs, all of the above commentsapply, but in addition, it is particu

larly important to pay attention to the reputation of your potential supervisor. For

new Ph.D.s, the first questionoften asked is, "Where did you get your degree?",

but for recent postdocs it is, "Under whom did you postdoc?" This important

aspect will be discussed in greater detail in the section "Choosinga Dissertation

Advisoror Postdoc Supervisor."

In addition to reputation, you want to consider schools that will expose you

to a wide range of opportunities. Look for institutions with research programs in

a number of fields, not just in an area of interest to you at the moment. Such

schools will give you more choices as you seek to develop a research topic and

choose a research advisor. They will also give you the opportunity to work with

studentsand faculty in areas adjacent to the one in which you choose to develop
or enhance your depth.

Siemens's Ralf Brinkmann did his dissertation on the rings of Saturn, or, more

specifically, the kinetic theory of planetary ring structures. Such structures are an

example of what are called plasmas, sets of particles in a confined space under the

influenceof a gravitational or electromagnetic field. Duringhis research,Brinkmann

was exposed to work underway in another departmenton high temperature plasmas

used as etchers in the preparationof semiconductors. This exposure led to a request

from a visiting researcherfor Brinkmann to apply his knowledge of plasmasgained

in his dissertation to a plasmaproblemin the semiconductor industry, and eventually

to a research position at the Siemens Corporation in Munich, Germany.

You shouldalso pay attention to schools in which there is some evidenceof

interdisciplinary collaborations across units or departments. Remember, it is

at the intersection of disciplines where scientists are finding some of the most

interesting problems. You will probably find more such interdisciplinary collab

orationstakingplace at larger researchuniversities, but do not automatically rule

out smaller institutions. Sometimes smaller size and fewer resources may

actually encourage interdisciplinary interactions. Brandeis University, a school

of about 3000 students, has a number of interdisciplinary programs, including

those of the Rosentiel Center in which 16faculty from a numberof departments

share office, meeting, and laboratory space. One example of such collaboration
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is that taking place between physicists and biologists on the development of

faster and more sensitive X-ray detectors [2].

In addition, keep in mind that as interuniversity interactions increase, there

should be greater opportunities for smaller schools to collaborate with larger

institutions.

In looking ahead to acquiring Next-Stage experiences, pay attention to insti

tutions providing graduate students and postdocs with opportunities to write

research proposals, publish papers, give presentations, interact across disciplines,

supervise other students, manage research efforts (particularly for postdocs), and

acquire teaching experiences beyond those of a standard teaching assistant. A

given school may not provide all of these opportunities, but the one you choose

should offer most of them.

With respect to Multiple-Option experiences, look for schools where there is

a history of interaction with industry. This interaction is most likely to occur at

schools located in metropolitan areas surrounded by industrial enterprises, but

here again, there are plenty of exceptions. Purdue University in West Lafayette,

IN has developed extensive ties with a number of industries across North

America. Schools with well-developed undergraduate, or master's, co-op

programs are particularly likely to support such interactions, and to be able to

provide contacts for graduate students and postdocs. But, again, there are excep

tions. Until recently, Stanford University had no undergraduate co-op programs,

and yet, since the 1950s has had extensive interactions with local, national, and

international companies.

Do not automatically assume that all schools or departments will provide

opportunities or encouragement in your preparation for an academic career. If at

all possible, visit the institutions you are considering. Ask to see the facilities and

to meet with faculty, graduate students, and postdocs. In particular, seek out

students and postdocs who are considering academic careers, and find out what

types of experiences they have had that support their interests. Pay attention to

how people interact, their level of enthusiasm, and whether or not they would

repeat their decision to attend the institution. Read between the lines. Ask about

faculty tenure and morale, as well as graduate student morale. Finally, try to get

a sense of whether or not the department really wants you, as well as the other

way around. If they do, and most of your other criteria are met, then it is

probably the place for you.

CHOOSING A RESEARCH TOPIC

It is really important to do the right research as well as to do the researchright.You

need to do "wow" research, researchthat is compelling, not just interesting.

George Springer, Chairman

Aeronautics and Astronautics Department, Stanford University
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By choosing a research topic, I do not mean selecting a subject from

possibilities presented by a professor, or worse, having such a topic assigned to

you, attractive as this may first appear. Choosing means going through the

process of finding and then developing a topic with all the initial anxiety and

uncertainty such a choice entails. It is a way of developing your capacity for

independent thought. If, like many undergraduates, you spent most of your time

solving assigned problems rather than asking open-ended questions, the idea of

searching for areas or problems to investigate can seem a bit daunting. On the

otherhand,if youhavehadsomeresearch or specialstudyexperience as a senior,

master's student, or industrial researcher (Next-Stage approach), the task will

seem less formidable. It is important that you take the time to find a problemthat

is interesting to you, significantly complex, and compelling.

James Plummer, professor of electrical engineering at Stanford University,

believes that when students struggle through the process of defining and develop

ing a topic, they will be more excited and will feel a greater ownership of the

effort than if the problem, no matterhow interesting and important, were handed

to them by others. Plummer tells his students to take the time-up to a few

months if necessary-to readas muchas possible in their fieldof interestas well

as in related fields. He also encourages them to talk to people at seminars, con

ferences, during industrial visits, and on the Internet. As he puts it, "I want my

students to sift through the grains of sand to find those that can possibly make a

significant difference. In the process, they usually end up throwing 99% of the
sandbox away, but this is what they have to do to get to the real gems."

Plummerbelievesthat it is perfectly okay for his students to feel inadequate
for awhile. As a postdoc andas a professor, youwillhaveto defineyourown pro
grams and projects, as well as supervise other students, so you need to get some

experience with this early on. Plummerwantseach of his students to define and
developa project, publish at leastone articleon it in a refereed journal, and give
at least one presentation about it at a professional conference beforegraduation.

The research you do as a graduate student will set the stagefor muchof your

research to follow as a postdoc and as a professor. While it is unlikely that your

later research will be straightforward extensions of your dissertation, it is also

unlikely that it willbe completely outside yourfield. Stories to thecontrary are the

exception, not the rule. Thus, the knowledge, expertise, and skills that you gain

early on will form the foundation for later investigations. By choosing the right

topic now (Breadth-on-Top-of-Depth), you help ensure your research viability in

the future. As Cliff Davidson and SusanAmbrose of Carnegie-Mellon University

put it, "The most successful research topics are narrowly focused and carefully
defined, but are important partsof a broad-ranging, complex problem" [3,p.l01].

Thereare a numberof reasons for considering a givenarea.Some,of course,

have to do with your particular interests, capabilities, and motivations. Other

considerations centeraroundareas that willbe of greatestinterestto both the aca

demic and private sector. Fields that fall into this category include information



Chapter 5 Research as a Graduate Student and Postdoc 113

technology, industrial technology and automation, biotechnology, and healthand

medical technology [4,pp.36-37].But,of course, commercial application is only

one consideration. There remains a huge need for compelling research of a

fundamental nature in all areas of science and engineering.

Chemistry professor and author, Robert Smith, in his book, Graduate

Research: A Guide for Students in the Sciences [4, p.36], lists 11 points to con

sider in finding and developing a research topic. They are as follows:

1. Can it be enthusiastically pursued?

2. Can interestbe sustained by it?

3. Is the problem solvable?

4. Is it worth doing?

5. Will it lead to other research problems?

6. Is it manageable in size?

7. What is the potential for making an original contribution to the

Iiterature?

8. If the problem is solved, will the resultsbe reviewed well by scholars in
your field?

9. Are you,or will you become, competent to solve it?

10. By solving it, will you have demonstrated independent skills in your
discipline?

11. Will the necessary research prepare you in an areaof demand or promise

for the future?

I would add to Smith's list problems that havebotha basicand applied com

ponent, the potential for interdisciplinary collaboration, and,particularly in areas

with large infrastructure needs such as observational astronomy, high-energy

physics, andsemiconductor processing, thepotential for interuniversity interaction.

As notedearlier, it is important to have a problem that you can enthusiasti

cally pursue(1), and that youcan sustain interestin over the long haul (2). Much
of research is just that, re-search. At times, it will be quite mundane and will
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surely be frustrating. Experiments will not go right, equipment will fail, data

promised from other sources will not arrive on time (or at all), other researchers

who pledged assistance will not come through as expected, and still others will

do work that competes with your contribution. During these times, you need

courageand fortitude. Havingdevelopeda topic that you are truly excited about

can make a big difference.

Sanford Dickert is a graduate student working on the problem of resonance in robotic

arms, which is a subset of a number of problems in the field of control theory.

Dickert's studieshave implications for robotic use in medical surgery, manufactur

ing, and even planetary exploration. In addition, his resonance investigations have

implications for studieson the movements of largestructures such as buildings and

bridges. By placinghis roboticarm studies in a largercontextand courting interest

and financial support from a number of sources, such as NASA and the Bechtel

Corporation, he has beenable to sustainhis effortsthrough manyfrustrating periods.

Choosinga problemthat is solvable in a reasonable period of time (3), that

will lead to further research(5), and that is manageable in size (6) is a particular

challenge for most graduate students and postdocs. Initially, there is a tendency

to take on more than is necessary to complete a dissertation or obtain another

publication or two. In suchcases, it is importantto have the right supervisor, part

of whosejob it is to help you understand what is and is not an original, publish

able contribution (see next section). There will be plentyof time for further work
after you complete the current stage (see vignetteat the end of this chapter).

Whetheror not a problem is worth solving(4), will makean originalcontri
bution to the literature (7), and, if solved, will have results that will be viewed

well by scholars in your field (8) is at the heart of what we mean by choosing
compelling topics leading to a meaningful "stream of ideas." As Davidson and

Ambrose point out, "The mostdesirableprojectsare challenging, intriguing, and

important (e.g., the resultscan contributeto improving our qualityof life in some

way or are intellectually interesting)" [3, p.l 00].

One way to tell if a subject is compelling is to note the varying attendance

at seminars or symposiaon differentresearchtopics. It is rarelythe samefor each

session. In some cases, attendance may be up for big-name speakers, but often it

is because the work presented is also of broader interest. Pay attention to these

seminars as clues to possible researchdirections and topics. Of course,goinginto

areas where there are too many other researchers has its drawbacks, but watch

the opposite extreme of being one of a kind with little complementary interest

or support.
Anotherway to tell if your idea is compelling is to imaginegiving a talk on

your work to a group of faculty and graduate students not in your area of

specialty. Do you understand their problems well enough to give a talk that

would be understood and appreciated by such an audience? In other words, do
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you recognize the applicability of your ideas to other fields? If so, you are probably

on the right track.

Generally speaking, problems rooted in theory or broad concepts are more

compelling than are those specific to a particular time, place, or activity [5].

Meteorology professor Alison Bridger's research on the winds of Mars is interesting

particularly when seen as a ",way of predicting dust stormsduring future unmanned

landings. It becomes compelling, however, when it provides insights about the

behavior of all planetary atmospheres, including Earth's.

Materials science professor Brian Love's research on contact materials for dental

crowns is interesting. It becomes compelling whenseen in the contextof the broad

er theories of surface science, and applications to such areas as artificial implants

and electronic packaging.

Mechanical engineering professor Fritz Prinz's research on the deposition of metal

droplets is interesting. It becomes compelling when seen as a way to construct

unique metal artifacts, some of which are machine tool prototypes built in hours

instead of months.

Biologist RickHopkin'sresearch on radiotelemetry is interesting. It becomes com

pelling when seen as a unique way to use portable, low-power electronic systems

(placed in collars) to study the home-range characteristics of wild animals.

A further test of whether or not a topic is compelling is if industry shows

an interest. This test does not apply in all situations, of course, but it is a way of

seeing if your work can be put in a broader, applied context.

Your competency to solve the problem (9) will, of course, depend to some

degree on your innate abilities. However, your ability to develop basic

knowledge and technical understanding, computer skills, and experimental

expertise will also depend on such things as the availability of certain courses

and seminars, library materials, independent study opportunities, and most

importantly, other students, postdocs, faculty, and even industrial scientists and

engineers with whom you can interact. While all of these people do not have to be

in your department, or even at your university, many should be accessible to you

in one way or another through the Internet, guest seminars, and visits to indus

trial sites.

Developing independent skill in your discipline (10) is part of what is meant

by acquiring depth in an area. To acquire such skills, you must define and

develop a problem that is sufficiently robust, the solution of which requires a

fundamental understanding of certain phenomena or behaviors, and in some

cases experimental techniques. However, it is important that your focus be on

problems, and not on techniques or specialized tools. The latter come and go, and

as a researcher, you want to be able to shift your approaches as needed to solve
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the more fundamental problems. Comments Peter Feibelman in, A Ph.D. is Not

Enough!: A Guide to Survival in Science [6, p.46]:

It is the researchers whofocuson a significant problem, and whoare willingto bring

to it whateverresources are necessary, who give the most interesting talks, write the

most significant papers, and win grant support most easily. I strongly recommend

that you try to teach yourself to be "problem-oriented," to plan your research pro

jects so that they address important scientific issues regardless of what techniques

you and your coworkers will need to use.

Developing a research effort in an area that will be in demand and hold

promise in the future (11) can be tricky. Some fields, such as semiconductor

physics and fiber optics, may have been compelling for some time, but are now

approaching maturity and shifting focus, and are likely to be in less demand in

the future.

Other areas, such as telecommunications and biotechnology, are quite

popular. However, their verypopularity may haveoversaturated the field. In such

cases, large numbers of investigators often compete for limited financial and

experimental resources.

Someareas serve as technology drivers for other fields, and may be in a bet

ter survival position as specific applications shift. You need to look at emerging

fields and see if your work can impact these areas in some specific way. For

example, work on amorphous silicon may apply to the emerging fields of flat
panel displays, which in tum are part of an even broader field of low-power
portablecommunications systems.

While breadth-on-top-of-depth does not mean breadth-in-place-of depth,

being able to move around within a field can be quite helpful. You will always

need to maintain an area -of depth, but your depth can shift over time. In the

words of Prasad Raji, a research scientist at the Hewlett Packard Company

Research Laboratories in Palo Alto, CA: "We want people who have demon

strated a depth so we know they can do this kind of work. But we don't want

them to be married to a particulardepth. We want themto be able to develop a

new depth in a related field somewhere within their overall breadth."

Ph.D. students who have spent time in industry before returning to school

often have a special perspective on what research problems wouldbe of interest

to the commercial sector. These typically more applied research topics are

becoming more acceptable as dissertations in some academic areas. The

Multiple-Option approach points to either considering such a topic for your own

research, or at least looking for connections between your work and that of

studentsand postdocs from industry.

Postdocs in particular need to look for research experiences beyond the

specialty they developed in their dissertation. Here, again, Feibelman makes the

point that [6, p.l 03]:
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Without at all wanting to argue that you should strive to be broad and shallow, or

that you should spread yourself so thin that you are unable to make progress in

any area, I suggest that by having your fingers in several pies you are more likely to

prosper scientifically. As one area loses its scientific appeal, another, with which you

are already familiar, may increase in importance. The clever ideas you learn, or

develop, in one area may be applicable in another. This can be an extraordinarily

efficient way to make progress.

Whiledoingresearch as a graduate student and postdoc, lookaheadto doing

research as a professor, and consider such things as start-up and maintenance

costs. Can you replicate the very expensive laboratory that your advisor has

acquired over many years? Is it necessary to do so? Martin Ligare, associate

professor of physics at Bucknell University, is a case in point.

Ligare received his Ph.D. from Columbia University in atomic and molecular

physics with a specialty in laser spectroscopy. His experimental research required a

fair amount of laboratory space and equipment. After graduation, Ligare received a

National Research Council postdoctoral fellowship, ostensibly with the National

Bureau of Standards (NBS) in Gaithersburgh, MD, but, in fact, he spent the entire

time (18 months) in residence at the Massachusetts Institute of Technology. He then

spent four years at the City College of New York (CCNY) where he continued his

experiments, first as a postdoc and then as an assistant professor. While at the NBS,

M.LT., and CCNY, Ligare was part of an experimental laser group requiring large

amounts of grant money and infrastructure support.

A voracious reader of physics material outside his immediate field, Ligare was more

able than most of his colleagues to see the bigger picture. He began to take on the

role of a person who could place the work of other individuals in a broader context,

and who understood the theoretical underpinning of his field. His papers on laser

spectroscopy became more theoretical.

Ligare decided to leave New York for Bucknell University, a liberal arts school in

Lewisburg, PA. Had he stayed at CCNY, he would have had to proceed with his

experimental work and continue to try and bring in large NSF grants. At Bucknell,

he had freedom to work on projects that were still in the spectroscopy area,

but which were of a more theoretical nature. Such work did not require the infra

structure support of his experimental studies, something Bucknell could not have

provided. Ligare still goes to the same conferences, sees the same colleagues, but

plays a different role, one more suited to his own, and his institution's, interests.

Finally, you need to pay attention to the interdisciplinary implications of

your work, and to the possible appeal suchworkhas to both academia and indus

try. Just as breadth-on-top-of-depth does not mean breadth-instead-of-depth,
interdisciplinary does not mean "instead of disciplinary."
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As chemistry professor Robert Smith notes [4, p.35]:

Interdisciplinary research is no substitute for good disciplinary training during

the greater part of a graduate career. It is advisable, however, to seek exposure to

interdisciplinary activities in graduate as well as postdoctoral training since most

researchers engage in interdisciplinary researchduring their professional careers.

An illustration of this interdisciplinary approach can be found in the workof

RenateFruchter.

A lecturer and research associate in the Civil Engineering Department at Stanford

University, Fruchterhas been workingon the development of computersupport for

collaborative teamwork and software communication tools that enable architects,

structural engineers, and construction managers to collaborate in the design of

buildings, bridges, and other large structures. This development in itself represents

a significant interdisciplinary effort. However, Fruchterwas interested in exploring

the generality of her conceptand her collaboration technology. She developedtools

that could be used by computerscientistsand mechanical, electrical,and spacecraft

engineers in the design and manufacture of what are called mechatronic, or electro

mechanical, systems. Such systems, which include everything from laser printers

that can operate nonstop for up to a year at a time, to automobile power windows

that automatically reverse if an object is caught in their path, are of particular

interest to the manufacturing industry.

In looking for waysto expandher workbeyondthe civiiengineering and architecture

communities, Fruchter came to the attention of the Stanford Integrated Manufac

turingAssociation (SIMA). She developed a proposal thatengagedgraduatestudents

andotherpostdocs froma numberof departments. The proposal wasfundedon a pilot

basis by SIMA. Subsequently, a group of SIMA's industrial members who had a

particular interestin her workprovided additional support, andFruchteris nowdevel

oping a largerproposal for submission to the National ScienceFoundation.

CHOOSING A DISSERTATION ADVISOR/POSTDOC
SUPERVISOR

A rabbit is sunninghimselfoutside his house whena fox comes along and tells him

that he is going to eat him for lunch.The rabbit explains,rather smugly, that the fox

cannot eat him becausehe is workingon his dissertation, the subjectof which is the

superiority of rabbits over foxes and wolves. The fox laughs, but the rabbit

persuades him to come into his house and examine his dissertation with the

understanding that if the fox did not agree that the title was correct, he could eat the

rabbit for lunch.The fox follows the rabbit into the houseand neveremerges.

A few hours later,the rabbit is out sunninghimselfagain whena wolfcomes by.The

above scene repeats itself with the same result.
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Later in the afternoon the rabbit is outside again when a squirrel comes by and

comments on the satisfied look on the rabbit's face. The rabbit explains that he is

indeed satisfied because he has just completed his dissertation on the superiority

of rabbits over foxes and wolves. The squirrel is skeptical, but agrees to follow the

rabbit into his house to examine his dissertation.

In the house is a computer on which appears the completed dissertation. On the floor

on one side of the room are the bones of a fox. On the other side, the bones of a wolf.

In the comer sits a lion.

The rabbit smiles and says to the squirrel, "You know, it doesn't really matter what

your research topic is, as long as you have the right advisor."

Anonymous message on the Internet

Well, not quite, although choosing the right advisor is certainly of compara

ble importance to choosing the right research topic. As S. E. Widnall, a former

president of the American Association for the Advancement of Science, notes,

"The advisor is the primary gatekeeper for the professional self-esteem of the stu
dent, therateof progress toward thedegree, andaccess to future opportunities" [7].

Choosing an advisoranddetermining a research topicare clearlylinked, and

the first does not always precede the second. Beginning Ph.D. students, particu

larlythosewithout industry experience, are usually less sure thanare postdocs of

whatresearch topic,or even whatfield, to pursue, so it is a good idea to lookfor

opportunities to explore various possibilities before making a commitment.

Somedepartments even haveformal rotating internship programs that allowyou
to spend a period of time, usually up to six months, with different faculty to
explore mutual interests and possible fits.

Your freedom to choosean advisordecreases as you focus in on a research
field, which makes it all the more important to considerwhatyou want in such a
person. In addition to a primary advisor, you will most likely select one or two
secondary advisors, and whatone is lacking in experience and temperament can
often be found in the others. One advisormay be from industry, another from a
different department, and another with strengths in a particular specialty.

Our Breadth-on-Top-of-Depth approach suggests that you look for an advi

sor withconnections to other faculty, and one who will give you "wiggle room"

in choosing a topic, although with tighterfunding constraints, the latter becomes

more difficult. The Next-Stage approach calls for an advisor who will give you

opportunities to do some teaching, write research proposals, supervise other

students, and in other wayslet you begindoingsomeof the thingsyou will do as

a postdoc or professor. The Multiple-Option approach calls for an advisorwho is

open to your pursuing possibilities in academia, government, and industry.

According to Smith [4, p.30], the choice of an advisor should be based on
the person's:
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• Accomplishments in teachingand research

• Enthusiasm for advisingstudents

• Experience in directing graduate students

• Management and organization of his or her researchgroup

• Reputation for setting high standards in a congenial atmosphere

• Compatible personality.

Smithrefers to three typesof advisors: (1) the collaborator, (2) the hands-off,

and (3) the senior scientist [4, pp.26-27]. The collaborator type is more likely to

be young and hungry for results. Hislher success depends to a larger extent on

yours, so he/she has a vested interest in how well you do. Often, this can mean

rapid progresstoward your degree, but be careful. In such cases, topics are often

chosen moreby the advisorthan by the student.The topicsmay be less risky, and

the advisor may want more than the appropriate share of credit. The key with

young faculty is to see that your interestsoverlap with theirs.

Young faculty usuallyhave quite a bit of energy. While they lack experience
in supervising graduatestudentsand postdocs, they remembermoreclearly what

it was like to be in such a position. Also, how well such professors supervise

graduate students, or at least how many they graduate, may be a factor in tenure

decisions that can be to your benefit. Of course, the existenceof this factor can
also be a problem in terms of the pressure on you to perform. As one graduate
student with such an advisor noted, "No laid-back six months to browse the

literature in my situation."

The hands-offadvisor is generallya midlevel academic with other responsi

bilities, but in Smith's words, "less greedy for results." Such a person can be

a source of wise counsel, and might let you choose areas of greater risk and

significance.

The senior scientist type is a well-established faculty member with varying

amounts of time. Smith thinks the quality of attention may be the best of all

because of their extensive experience. However, while older faculty may not

compete with you,as mightyoungerfaculty, they mayalso thinkthey know it all,

are less likelyto help you learn the ropes, and may not be as available. Also, their
energy level may be lower, they may be out of date, or livingon past glories.

Joanne Martin, a professor of organizational behavior in the Graduate

School of Businessat Stanford University, has also studied the advisor-advisee

relationship in some detail. She, too, likes to classifyadvisors into three types, in

this case, (I) authoritarian, (2) coach, and (3) laissez faire [8].
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Martin thinks in terms of management styles. The authoritarian advisor is

likely to set the goals and layout tasks for the research, usually in some detail.

He/she will want weekly meetings to assess progress, and will give more objec

tive criticism than praise. "Expect lots of red marks on the drafts," notes Martin.

Authoritarian advisors welcome conflict, expect you to speak up, and are active

throughout the research process.

The coach, on the other hand, will seek to set goals jointly with the advisee.

There may be a lot of guidance in the beginning or planning phase, but not much

during the research itself. "Active in the planning stage, passive during the

process, and active in the evaluation stage," is the way Martin puts it. You will

be expected to take over the research and writing, and there will be no

micromanagement. Coaches give good feedback and try to draw out criticisms

from their student. The style is somewhat impersonal and task-oriented, and

conflict is okay.

The laissez faire advisor is friendly and constantly supportive. If you do not

like criticism, this is the one for you. You set the goals. The advisor encourages

you, "keep up the good work," and avoids conflict. Such advisors are friendly,

but it is not certain that you will learn much from them. They will be relatively

inactive on the research task unless you take the initiative, but supportive

throughout, and generally available. Attractive as they may first appear, going

with a laissez faire advisor is a high-risk strategy, and is only likely to work if

you have strong research skills, are independent, and know what you want.

Unlike Smith, Martin does not see a correlation between her categories and

whether or not an advisor has tenure. Although it is tempting to match Smith's col

laborator, hands-off, and senior scientist with Martin's coach, laissez faire, and

authoritarian, the real point here is not to force-fit people into categories; after all,

everyone has some of all six characteristics. In fact, some advisors are able to

combine elements of all three styles as the student evolves. However, each advi

sor probably fits one description more completely than any other, and you need to

be aware of these differences and make decisions and adjustments accordingly.

First, keep in mind that you want an advisor who is in a research area in

which you have, or seek to develop, a strong interest. This element is essential,

given all the inevitable difficulties you are going to experience. At the same time,

you want a professor who understands that "finding the right problem" is half the

battle, and that he or she needs to give you the encouragement and time to do so.

Martin says this quite eloquently when she notes:

Topics youapproach withpassion leadto the bestresearch. You wantto getout with

something significant, something youcaredeeply about(rather thanthepurely prag

matic) choice, so selecta topic that is a window into yoursoul.

Look at the styles of various professors, how they treat their graduate

students, how many students they have, and what has been their track record in
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gettingstudentsout. Considerhow muchdirectionand supervision you wantand

need. Be willingto push your boundaries, but not to an extreme. You need to be

somewhere in your comfort zone, but not too comfortable. Above all, you want

at least one advisor who will be demanding. In the words of a graduate student

in chemistry, "You want your anxiety level to go up a little when you get an

e-mail message from your advisor."

If possible, talk to the students and postdocsof potential advisors. Ask lots

of questions. Do the studentsand postdocs see the big picture?Are any of them

doing compelling work? Do they have high expectations for themselves and

others in the group?How often does the researchgroup meet? If possible, attend

one or more of these meetings, and pay attention to the interactions. Consider

what your relationship will be with the other studentsand postdocsin the group.

Who will give you survival tips? Who will mentor you? Are there postdocs

involved, and what is their relationship with respect to the professor and to

graduate students? Where are recentgraduates and former postdocs now working?

It is also important to look at things from the other direction, and consider

what is in all of this for your advisor. It is rare for an advisor to take you on to

simplyfulfill a departmental obligationto supervise a certain numberof students

or postdocs. Most advisors already have enough students, and one more will

not makemuchof a difference in this regard.Faculty supervise graduate students

and postdocs for two basic reasons: it helps them with theirown research agenda,

and it gives them a chance to do what is called "deep teaching." Often, the two
go together.

Helping faculty with theirown research may involvemore thanjust working

on existing projects. Professors often want to explore new areas, and having a

graduate studentor postdoc whois so interested mayproveparticularly attractive.

Karen Huyser, a graduate student in electrical engineering, was interested in
exploring the then new field of neural networks. Professor Mark Horowitz, whose

specialty wasin microprocessor design, hada burgeoning interest in thisarea, andthus

tookHuyser on as a graduate student. Because it wassucha newfield, Huyser had to

reach out to faculty in suchareas as biology, computer science, psychology, andeven

philosophy. This reaching out by Huyser, in tum, brought Horowitz intocontact with

professors whohe would neverhavemethad it notbeenfor Huyser's interests.

By now, it should be clear that not all teachingtakes place in the classroom,

Working with graduatestudentsand postdocsover a periodof years, not months,

can be particularly rewarding. As organization professors John Darley and Mark
Zanna point out, "Training graduate students is the one aspect that makes a

professor's career sharply different from almost all other jobs" [9]. To engage

futurecolleagues on a deep level,and to see themevolve in their understandings,

capabilities, and degrees of responsibility is something a faculty member does



Chapter 5 Research as a Graduate Student and Postdoc 123

not experience in the classroom. As not only a recipient of this kind of teaching,

but as a future provider of it, you can benefit more than most from the process.

WRITING YOUR OWN RESEARCH PROPOSALS

If I had my life to do over again,I wouldhavewritten half a dozenproposals before

I got my Ph.D., insteadof just contributing to one or two. Once you have a faculty

position, chasing dollars is the number-one activity; the moreexperience you bring

to it, the betteroff you willbe. Use your research advisorto helpyou learn to write

proposals, beforeyou start sending things in blind to funding agencies.

Michael Reed,AssociateProfessor

Department of Electrical Engineering, Carnegie-Mellon University

Writing proposals is not just for those heading for Research I universities.

No matter what type of faculty position you take, be it at a baccalaureate,

master's, doctoral, or research-granting institution, or even a research position

in government or industry, you will soon have to start writing proposals. In

academia, if you want any scarce resources such as funding from an internal or

external agency, equipment for research or course development, a fellowship for

your graduate student, or even just permission to perform a procedure, you must

first write a proposal. All proposals, from two to three page statements seeking

small amounts of seed funding from inside an institution, to lengthy documents

with extensive budgets that can take weeks or months to prepare, must be

written with care.

The objective in this chapter is not to teach you how to write proposals,

although I will say something about doing so in Chapter 12, "Insights

on Research." In addition, you can take advantage of the many workshops,

seminars, books, and other writings readily available in academia to help you

with such preparation. My purpose here is to persuade you that writing propos

als is something you need to get started on before you become a professor. It is

a perfect example of the Next-Stage and Multiple-Option strategies.

Writing represents a very high level of thinking, much higher than conver

sation. That is why it is so difficult, and why, when it is done well, so valuable.

It does get easier with practice, so you need to get started. Look for every oppor

tunity to put your case in writing and to receive the critical feedback your efforts

will bring. Completing such an important and difficult task brings many rewards.

Again, Smith captures the point best by noting [4, pp.233-234]:

Writing proposals andapplying for grantsrequire thediscipline and insights thatwill

help throughout a professional career. Commitment, thoroughness, and patience are

essential components of grantgetting. Tolerance of failure is also required, because
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many proposals are rejected. Overcoming the trauma of rejection is an important

lessonfor the professional. I know researchers who have received dozensof grants

duringtheir lives.This has often meantconfronting five times that manyrejections.

Researchers have to developemotional strength to survive. Survival skills develop

withthe self-confidence thatcomesfromresearch accomplishments, and theseskills

are useful in one's personal life as well as work.

Preparing your own proposals helps you confront the Breadth-on-Top-of

Depthchallengeby requiring you to place your work in a largercontext.Science

writer Anne Simon Moffat discusses the keys to successful grantsmanship with

an interesting example from biology [10]:

A proposal to isolate and characterize a new gene or to describe a new molecular

structure may not be enough to snare a grant, unless an explanation is offered on

how these discoveries relate to larger problems, such as gene regulation or struc

ture/function relations. Takeproteincrystal structures, whichare now being solved

by crystallographers at a rateof aboutone per day. The techniques and materials are

expensive so proposals have to go beyond"another new one." There's got to be "a

good story behindthe protein,"says crystallographer Joe Krautof the University of

California, San Diego.

Most graduate students and postdocs begin by reading and critiquing the

proposals of others, and then moving on to contributing drafts of sections to a
proposal written by a principal investigator. This type of contribution is fine, yet
it is not a substitute for putting togetheryour own completeproposal.

Perhaps the best place to start is with your dissertation proposal. Some

departments require all students to produce such a document, but even if yours

does not, you shoulddo so anyway. Not only will it give you much neededexpe

rience, it will help ensure that you are undertaking an effort that has the support
of your advisor and other key faculty. It also helps you understand clearly what

you are, and are not, committing to, and what is at least the initially projected

time frame for the completion of your work.The same thing can be done as you

begin your postdoc work. Here, it is particularly important to have expectations

about what you can accomplish and when, and one way to help ensure this

understanding is through a written proposal that you and your supervisoragree

on before you start. The postdoc period is also a time to develop proposals that

can help launchyour academic career (see the vignette at the end of this chapter

for a specificexample).

Show drafts of your proposal to as many people as possible, including
professionals who are in your general field, but not in your particular specialty.

Be sure to consider faculty at other institutions and interested researchers

in government and industry. These are the people most likely to recognize

excessive jargon, obscurities you have missed, and connections you may have

failed to identify. The fact that these are also the people who will be your future
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colleagues, and that some of them may even be in a position to help you with

your first professional position, is somethingI am sure you will consider as well.

Writing your own proposal does not mean you have to be the sole investi

gator.Indeed, as a graduatestudent,or even postdoc, it may be necessaryfor you

to do your work in conjunction with a principal investigator employed by the

institution. It doesmeanthatyou are takingthe overallresponsibility for the devel

opmentof the document, and it is "your" piece of research that is being proposed.

What the above discussion boils down to is this: the time to get started on

writing your proposal is now. Free-lance writer Robert Burroughs puts it best

when he says [11]:

As with anything else,proposal writing improves withpractice, and persistence can

be key. If you can focus your attention on a grantor's interests, show how your

research matches that interest, and then demonstrate that your research has a wider

theoretical application, you will have madea good start down the road to funding.

CARRYING OUT YOUR RESEARCH-AN EXAMPLE

As noted earlier, the research process has its moments of excitement, and even

drama. But much of it is also mundane work punctuated by periods of frustra

tion, delay,and anxiety. At these times, it is particularlyhelpful if you can incor

porate the three elements of the preparation strategy outlined earlier. Below is

one exampleof how this strategycan work. It is taken from an organizationI am

involved with at Stanford University called the Center for Integrated Systems

(CIS). The Center seeks to foster multidisciplinary research in microelectronics
and computer science through the financial support of its industrial members.

Michael Fam, a graduate student in electrical engineering, was interested in explor
ing a new field called "integrated optics," which involved attempts to produce
Fresnel (essentially flat) lenseson semiconductor wafer-like materials. The abilityto

mass-produce such lenses using semiconductor technology could be of significant
interest to industry.

JosephGoodman, a professor at Stanford with a specialty in optics, was interested

in serving as Fam's advisor. However, the topic represented a new area for

Goodman, whohadjust become chairman of theElectrical Engineering Department,

and thus had a limitedamount of time to supervise a studentin an emerging field.

Fam realized that if he were going to explore this area, he would need additional

resources, bothmaterial and intellectual, to complement whatwasavailable fromhis

department. TexasInstruments, headquartered in Dallas, TX, a member of CIS, was

interested in the possibility of such lenses for two reasons. If they could be made

using semiconductor techniques, then the company, a leading semiconductor
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manufacturer, would be in an excellent position to produce them. Furthermore,

Texas Instruments had a division that made infrared detectors for the military and

law enforcement, and it was possiblethat such lenses mightreplace the bulkyglass

ones currently in use in such devices.

A relationship was established among Faro, Goodman, and scientists at Texas

Instruments in which Faro, who was given a Texas Instruments fellowship, used

someof the company's facilities in Dallaswhileconsulting with their industrial sci

entists. Allof this wasdonewithGoodman'senthusiastic approval and involvement.

Famquickly tookon theroleof facilitator duringhisbimonthly visitsto Dallas. It was

Fam who brought together, for the first time,semiconductor scientists and the optics

engineers who,prior to this project, had no particular reason to talk to each other.

According to Graddy Roberts, Faro's chief contact at Texas Instruments, "If all

he did was to bring these two groups together to talk about mutual problems and

opportunities, it would have been worth it from our point of view." But Faro did

much more. By placing his research in the context of its possible application to

semiconductors and infrared optics (Breadth-on-Top-of-Depth), bringing together

people who needed to deal with the challenges of mass-producing such devices

(Next-Stage), and making contacts with scientists in a nonacademic institution

(Multiple-Option), Fam covered all the bases while pursing research that lead to

his Ph.D.

The results of Fam's initial efforts were promising enough that Fam and

Texas Instruments wanted to continue their relationship. After graduation, Fam

accepted a postdoc at M.I.T. Lincoln Laboratories where he continued his work

in integrated optics under a contract partially funded by Texas Instruments.

PUBLISHING

To succeed you must make your talents well known and widely appreciated.

Publishing provides you with an important way to accomplish that. Your papers,

available in libraries around the world, represent not only your product but also

your resume.

PeterJ. Feibelman

Sandia National Laboratories [6, p.39]

When it comes to publishing, having the right perspective is essential. If you

view publishing as a burden and as a requirement imposed by the system, then

you will do it reluctantly, if at all, and are unlikely to feel proud of the outcome.

On the other hand, if you view publishing as a natural part of your scholarship,

as a way to take some of the credit for what you have done and to communicate

the results of your hard work to your colleagues and beyond, then you are likely
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to set standards that will help make you a professional success. The important

thing is to get in the publishing habit now, and to treat publishing as a

forethought, not an afterthought. You can do this by creating the expectation in
your own mind that you will do publishable work.

Publishing produces a permanent record, so you want to be sure what you

produce is of high quality. Even though the peer review processrejects far more

than it accepts, a lot of not-so-memorable work gets through. This reality means

that ultimately it is your own standards that shoulddetermine what to do. If you

plan to do publishable workright from the beginning, it will help set the baseline

for the research that follows. Many people find it helpful to get in the habit of

writing as they go along, not just after they complete their scholarship. Each

(writing and scholarship) reinforces the other.

Mostgraduate students andpostdocs willendup as coauthors on publications

with more senior researchers and/or faculty. This junior-senior coauthorship

raises someinteresting issueshavingto do with the properappropriation of cred

it, whichwe willdiscuss inChapter13,"Insightson Professional Responsibility."

In mostcircumstances, you shouldbe open to sharingcredit with others, even if

you feel you have made a disproportionate contribution to the research.

Contributions can be made in different ways and at different levels. However,

one important test of coauthorship is whether or not everyone listed would

be able to give a talk, and answer subsequent questions, on the paper at a

professional conference or symposium. Be certain that this abilityat leastapplies

to you.

As notedearlier, our purpose in these sections is not to give specificdetails

on how to carry out the activities that are discussed, but rather to motivate you

to start on the activities (Next-Stage approach) while a graduate student and
postdoc. There are plenty of resources available in most institutions to help you
with the details. (See also "Writing Research Papers" in Chapter 12.) One par
ticularly useful reference is by the editors of ASEE Prism, who have developed
an excellent numberof tips on how to avoid publishing pitfalls [12]. We repro
duce one especially good set of pointershere that were adaptedfrom sociologist
B. B. ｒ ｾ ｩ ｴ ｴ Ｇ "An Academic Author's Checklist [13]."

Is the article, as written, complete?

• What is the problem(question, issue) the article sets out to solve?

• Does it achieve a solution (resolution)?

• If a full solution is not reached, why not?

• Is the solution reachedthe best one among the possible answers?
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• Is the significance of the solutionapparent to the reader?

• Is any information in the article unnecessary?

Is the article, as written, authoritative?

• Is the solution (information, hypothesis) presented based on a proper

mixture of the writer's and others' work?

• Is the solution based on an appropriate mix of primary and secondary
sources?

• Does the writergive evidence of wearing discipline blinders?

• Are all the sourcescited genuinely relevant and necessary?

• Is the balancebetween published and unpublished sources good?

• Are all the acknowledgments of indebtedness made? Has permission to

acknowledge personal assistance been obtained?

Is the article, as written, singular?

• Does the article provide new information or hypotheses, or does it con
tribute corroborative evidence to an existing body of knowledge? Which
elements, exactly, in the article are unique, original, completely new?

• Whichelements, though not new to this fieldor specialty, are new to other

groups of readers who have been overlooked before?

• What kind of information does the article provide its readers? What mix

ture is there of new and established information?

• Is the information timelyor timeless?

• How specialized is the information?

• Who needs this information? For what purposes(s)?

• Is the information already available to readers?
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PROFESSIONAL MEETINGS
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As a professor, you will certainly attend your share of professional conferences.

Attending such meetings is also something you will want to do as a graduate

student and postdoc, particularly as you near the end of your tenure. Indeed, one

of the functions of a good advisor is to encourage such attendance, and where

possible, to introduce you to interesting colleagues. While conferences can be

expensive, student discounts are available. Also, conferences tend to change

locations from year to year, so within a two- or three-year period, a conference

in your field is likely to take place relatively close to your current institution. In

many fields, it is at such conferences where job contacts are made, and in some

cases, where preliminary interviews take place. We will look at this important

aspect in more detail in Chapter 8, "Applying for Positions."

The purpose of this section is to make you aware of the advantages of

attending conferences and other meetings while you are still in the early stages

of your research. Conferences are ideal places to find out what is hot, and not

so hot, in your field, observe the various debates and controversies underway,

meet interesting people, make contacts for future interactions, and in general

participate in the milieu of the professionals in your field. All aspects of your

preparation strategy can be carried out to some degree at professional conferences.

Conferences can range from as few as 100 or so participants for very

specialized or local events, to many thousands for annual meetings such as those

of the American Chemical Society, the American Institute of Biological

Sciences, the American Society of Mechanical Engineers, and the American

Physical Society.

Conferences can often seem overwhelming, and it is easy to be intimidated

by the list of speakers and attendees, all of whom seem to know more than you.

As astronomer Timothy Ferris noted during a recent cosmology convention [14]:

... there was hope of learning something useful, especially given the roster of

speakers which included Edward Witten, the string-theory wizard widely said to

possess the mostacute scientific intellect since Einstein; Andrei Linde, the Russian

cosmologist who theorizes that our universe is just one among many; and Allan

Sandage, the astronomer whohas done morethan anyone else alive to chart the size

and age of the universe.

The key that I have found is to treat the whole thing as a bit of a game in

which you ask specific questions, make certain observations, and do particular

things, all designed to make the experience worthwhile and even fun. Here are

some suggestions:
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• What can I learn from my three days at this conference that I could not

pick up in any other way?

• What would I do differently if I were giving the talk I am now attending?

• Am I ready to step into this situation(talk,discussion, or meetings), and if

not, why?

• Who are the peopleasking the "big" questions? Who are the leaders in the

field?

• Are there new directions developing in my field, and if so, who are the

emerging leaders?

• Who are the professors whose behavior and actions I wish to emulate and

why?Are they associated with a particularschool or field?

• Who are the recent alumni from my institution with whom I can make

contact, seek information, and share experiences?

• Who are the professors who might review my work, collaborate with me,

and possiblyhelp me with future connections?

Observations to make

• Note which professors are being offered positions at other academic

institutions or in industry.

• Note which professors, students, and postdoc, seem comfortable interact

ing with professionals from industry.

• Note which professors take the time to introduce their graduate students

and postdocs to colleagues in academia, government, and industry.

• Note which professors are sought out by the media and why.

• Note hallway conversations, political and job opportunity discussions,

who is talking to whom, and what kinds of alliances are being formed.
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• Whenappropriate, give a presentation on your research, and seek as much
formal and informal feedback as possible (see next section).

• Introduce yourself to speakers who you found particularly interesting.

Exchange business cards.

• Briefly (fiveminutes maximum) describe yourexperiment, dissertation, or

postdoc research topic to a variety of people, and note their reactions.

• Sharewithothersa list of the courses you havetaughtor lectures you have
given, as wellas a statement on your teaching philosophy (seeChapter6).

• Attend presentations in yourown and relatedfields. Lookfor contacts that

could lead to expanded research interactions.

• Attend specialized meetings and social gatherings where you can meet
contemporaries from other institutions.

• Talk with other graduate students and postdocs about their plans, and

exchange information.

• Obtain names and business cards of professors from schools with whom
you want to have additional interactions. Do the same for scientists and
engineers from government and industry.

• Follow up with a note and promised abstracts or publications.

• Get on the mailing lists of publishers for the latest textbooks in your field.

Remember thatyoucannotpossibly do or seeeverything, or meeteveryone. But

you can become engaged in the process, and set the stage for a host of future

interactions that will benefityou in the months and years to come.

PRESENTATIONS

When it comes to talks on your research and related activities, you need to do

two things: (1) give them,and (2) obtainhonestfeedback on how well they were
received. The second does not always automatically follow fromthe first, so you
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may needto takespecialsteps to ensure that it does.As withproposal writingand

publishing, giving talks on your work to variousaudiences is something you will

be called on to do throughout your professional career. According to Cliff

Davidson and SusanAmbrose of Carnegie-Mellon University [6, p.59]:

You willdelivermanytalkson yourresearch in a variety of settingsthroughout your

career as a professor. The goals of these presentations might vary widely, e.g., to

convey highly focused information to an audience of specialists, or conversely to

cover a broad rangeof issuesappropriate for the generalpublic. To cover the spec

trum between these two extremes, imagine discussing your research in front of the

following audiences: expertsin yourdiscipline at a professional conference, students

and faculty in yourdepartment, a government committee composed of technical and

nontechnical people, and a local community volunteer organization. The purpose,

amount of detail, and rhetoric of your presentation will vary in these situations.

Nevertheless, there are general guidelines that you can use to prepare and deliver

effective talks for all of these audiences.

An important addition to the above list for future professors is the

"academicjob talk," given during most job interviews, that can make or break

your chancesfor a faculty position(see Chapter8, "Applyingfor a Position,"for

further details on this particular talk).

Becoming comfortable with giving talks about your work is essential. Here,

again, practice is the key. There is certainly a relationship betweengiving good
talks on your research and giving good lectures, and one would assume that if
you are thinking about becoming a professor, you will look for opportunities to
do both (see Chapter6, "Teaching Experiences Prior to Becoming a Professor").
Yet, many students and postdoctorates are reluctant to give talks on their

research, particularly to their peers and to faculty. Usually, it is because they do

not feel they are ready. Weoften do not think that we have enough to say when

what we really mean is that we have not taken the time to develop the right pre

sentation. As long as you start with the correct expectations, it will rarely be the

case that you do not have something worthwhile to offer.

An informal presentation to your researchgroup of a half dozen researchers

requires a different degree of completion than does a selected presentation at a

professional conference. There are times, particularly in a seminar or in a

presentation to senior undergraduates, where a talk on how you came to choose

your research topic would itself be an interesting and appropriate subject.

In all cases, however, you want to obtain critical feedback on how well

your talk was received. Colleagues who show no reluctance to give very frank

feedback on papers and proposals are often much less willing to do so with

oral presentations. You can certainly pick up clues in the number and kinds of

questions asked and in informal comments heard after the talk. However, you

owe it to yourself to probe beyond comments such as, "nice talk," or "enjoyed

your presentation." Acknowledge the compliment, and then ask the person

giving it if they have any suggestions on how you might improve the presenta-
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tion in the future. With such an opening you will often receive some very spe

cific pointers that can be quite useful.

We will not go into detail here on the specifics of presenting good talks

since, as with proposal and grant preparation, there are resources available at

most academic institutions to help you with presentations. In some cases, it is

even possible to have your talks videotaped for additional feedback. In giving

talks, it is worthwhile, however, to keep in mind Feibelman's dictum, "never

overestimate your audience [6, p.28]." We have all suffered through presenta

tions in which we thought we were the only ones who did not understand what

was being said, only later to discover we were far from alone. Why is it that fac

ulty who have no difficulty giving talks at the right level in their courses feel the

need to impress their colleagues with presentations loaded with jargon, unneces

sary equations, and obtuse references? You lose nothing, and gain much, by tak

ing the time to place your work in the proper context, present interesting exam

ples, use clear illustrations and graphics, and even include some humor and a

good story or two to make your point. You can always provide more detail dur

ing the question and answer period.

An example of an activity incorporating our three-pronged preparation

strategy with respect to graduate student and postdoc presentations is the

Stanford Center for Integrated Systems' Student-Partner Information-Exchange

program (S.P.I.E.). In this program, teams of advanced graduate students-those

within one-two years of completing their Ph.D.s-give presentations on their

research to the Center's industrial sponsors. As many as 75 students, represent

ing over two dozen research areas in applied physics, chemical engineering,

computer science, electrical engineering, materials science, and mechanical

engineering, comprise a pool from which companies choose teams of four-five

students to give talks at their research and development sites. Students may end

up visiting companies across town, across the country, or in some cases across an

ocean. To participate, each student must develop a half-hour presentation that can

be understood and appreciated by all of the other students on the team. Thus,

someone working on relational databases in the Computer Science Department

must give a talk that can be understood by a student working on fiber optics in

the Applied Physics Department, and vice versa. This requirement puts the

students in good stead when they then give their talks to scientists and engineers

at the visited companies. The program also gives the students an opportunity to

put their work in a broader context, to look for connections to other research

areas, and to expose themselves and their work to industrial companies.

SUPERVISING OTHER RESEARCHERS

As a professor, you will certainly be supervising the work of others, be they

undergraduates doing independent study projects, master's students doing theses,

Ph.D. students doing dissertations, or in some cases, postdocs managing projects
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of their own. In addition, you will most likely have some supervisory responsi

bilityfor supportstaff. Anyexperiences you can acquirealongthese linesbefore

you become a professor will redound to yourbenefit, not only in the way it helps

you with yourcurrentresponsibilities, but in how it demonstrates your readiness

for the responsibilities of a professorship.

The level of supervisory responsibility you undertake will depend on your

willingness and readiness for such responsibilities, and the number of playerson

your team needing suchsupervision. In the beginning, youare, of course,the one

being supervised. Use this time to observe your own relationship with your

supervisor. Also note the relationships that other students have with graduate

students, postdocs, and faculty supervisors. What do you like and dislike about

the relationship, and in particular, what would you do differently? (As we will

see in the next chapter, you will do the same with respect to teaching.)

One of the many challenges of supervision is to figure out how to do it in

a way that enhances your own activities, while at the same time benefiting the

person being supervised. In some cases, the people you supervise will work

directly for you and will help you on your particular research project. In most

cases, however, their work will be indirectly related to yours, part of your gen

eral area, but not directly supportive of your research. This indirect relationship

is fine if it gives you a chance to broaden your understanding and to connect to

areas adjacent to your own.

An illustration of how such supervision works can be seen in the case of
Elizabeth Drotleff, a Ph.D. student in chemistry at the University of California,

Santa Cruz.

Drotleffbegansupervising undergraduates as well as anothergraduatestudent in the

second year of her Ph.D. studies. "It's been an important experience for me," says

Drotleff, "there's a lot more to pay attention to than I thought, but with the help of

my postdocand faculty supervisor, I'm learning to handle many things."

Drotleff is part of a small team that includesherself, her faculty advisor, a postdoc,

another Ph.D. student, and two senior undergraduates. They are organic chemists

workingin the area of naturalproductsynthesis. Drotleffand her colleaguesseek to

synthesize naturally occurring compounds from marine organisms that may have

potential benefit in the treatment of disease. Once they are able to reproduce these

compounds, whichoften have complexchemicalstructures, in the laboratory, others

can experiment withcreating derivatives of thecompounds thatmightbe of particular

interest to medical scientists.

The task of synthesizing the compounds is broken up and assigned to different

researchers depending on their knowledge, experience, and skills. The faculty

advisoroverseesthe entire project,and the postdocworkson the most difficultsyn

thesizing tasks. Drotleff is learning to synthesize particular parts of the molecule,

and then help bring these parts together. She supervises another graduate student,
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who at the moment has little formal laboratory experience, and who is attempting

to learn a number of synthesis methodologies. The undergraduates she supervises

produce the starting materials that she and othersneed for the compound synthesis.

Says Drotleff:

"I'm excitedaboutthe research projectI'm on; it's quitechallenging and it's great to

applythe chemistry I've learned in classes. Overseeing lessexperienced members of

thegrouphas initially beenverydifficult, especially because of theproblem of learn

ing how to manage my time. Not only am I responsible for myself: my research,

preparation for seminar presentations, and readingthe literature, but I'm also partly

responsible for keeping these peoplebusy and interested in their own chemistry as

wellas teaching themlaboratory techniques and safety. Overall, I feel veryfortunate

to have this experience beforeI acquirea postdoc position or a job."

At the postdoc level, supervisory responsibilities can be quite significant,

and are often part of the broader responsibilities of managing a research project

or program (see next section).

Taking on supervisory duties is clearly partof the Next-Stage approach. It is

also the kind of activity that will help you in maintaining multiple employment

options. As we sawearlier, industry and government are looking for people who

can communicate well with their colleagues and who can eventually manage

projects and programs. Therefore, everything you do in the area of supervision
will prepare you for positions in all threeemployment sectors.

MANAGING RESEARCH PROJECTS AND PROGRAMS

You haveto be able to generate quality independent ideas,planexperiments to carry
them out, and manage the people who will help you do the work. My three-year

postdoc helpedme do this. I had thought about going out [on the job market] after

two years,but I am reallyglad that I waitedan extra year. It wascriticalto my being
able to makeit when I got to UCSD.

Elizabeth Komives, Assistant Professor of Biochemistry

University of California, San Diego

The stepup to actually managing a research project or evena smallresearch

program is something more likely to be done as a postdoc than as a graduate

student. In fact, most postdocs do not even go this far, but the ones who do are

sure to make themselves muchmorecompetitive. Doing so requires you to think

morebroadly (Breadth-on-Top-of-Depth), givesyouobvious Next-Stage experi

ences, and in mostcasesbrings you in contactwithopportunities in twoor more
employment sectors (Multiple-Option).
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Opportunities for suchexperiences can come about in unexpected ways:

A few weeksafter arrivingat the StanfordLinearAcceleratorCenter (SLAC)as part

of his University of Colorado postdoc assignment, Nety Krishnaran into, as he put

it, "a few problems." His principal investigatorback in Colorado abruptly resigned

and moved to France, essentially leaving Krishna and the investigator's one

graduate studenton their own. Krishna thought he was going to spend a year or two

working on the front-end electronics of what are called drift chamber particle

detectorsbefore movingup to full responsibility for the chamberand a host of exper

iments it was designed to support. Now, he had to do both, and much more quickly

than he imagined. If he failed to obtain data from the first run of the

experiment, it might be up to a year and a half before the effort could be repeated.

Such a failure would have been hard enough on Krishna, but it would have been

devastatingfor "his" graduate student.And, of course, there were problemswith the

chamber. As Krishnadescribes it:

"I was faced with a 'nightmare' situation whena 25-micronwire (as thin as a human

hair) split and rendered the whole drift chamber inoperable. I was forced to consid

er unconventional techniquesof dealing with the problem because the detector was

embeddedbetweentons of lead and iron.At the time, I was undergoing knee surgery

for an injury sustained during a frisbee game. I noticed that the surgeon was using

an instrumentthat functionedas a remoteretriever(arthroscope). I used this idea and

performed a successful 'surgery' on the detector and restored the chamber to full

workingorder."

This initial experiencebrought Krishna to the attention of the senior staff at SLAC.

From then on, he was given increasing levels of management responsibilities that

included overseeing the operation and schedule of all the detector experiments,

supervising graduatestudents, functioning as an officialliaisonto up to 250physicists,

and serving as the youngest member of the "commissioning team" that set policy

and made decisions for accelerator experiments. These management experiences

have made Krishnamuch more attractiveas he exploresa varietyof opportunitiesin

government, industry, and academia.

The reasons for stepping up to theseNext-Stage experiences are summarized

nicely by Guy Blaylock, assistant professor of physics at the University of

Massachusetts:

As you go from one stage to the next, the role you play changes.As a student, I was

expected to excel in a specific subject, and I was judged by my individualcontribu

tion. As a postdoc, I was expected to be more of a team player, to contribute to the

researchers around me and reviewtheir papers,as well as run a completeprojectand

write my own proposals. As a professor, things changed again, and now I have a

dozen balls in the air. Given all of this, I strongly recommend that as a graduate

student, you do some of the work of a postdoc,and as a postdoc,you do some of the

work of a professor. Not only does it make things easier when you get to the next

stage, but it also separates you from the rest of your competition.
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Manyof the activities discussed aboveare illustrative of a moregeneral activity

called"networking," the process of connecting withotherswith whomyou have

a mutual interest. The term has gotten a bit of a bad name of late because it is

overused and/or used in the wrong way. However, networking is absolutely

essential to yourstrategy of obtaining contacts thatcan makea difference in your

path to becoming a professor.

Mostof us wantto believethatour good workwillbe enoughto get us what

we want, but it will not. Recognition and opportunity come to those who also

have good contacts. I began to feel good about networking when a colleague

whomI respect a great deal confided to me that he spent60% of this time doing

the bestdamnjob he could,20%of his timemaking surethateveryone elseknew

what a good job he was doing, and another 20% of his time looking for

something better to do. You may quarrel with the percentages, but the reality is

that you are going to have to make contacts and market yourselfas well as do

substantive work in order to get the recognition and opportunities you want

and deserve.

The beauty of networking is that, if done right, almost everything you do

will rebound to your benefit if you end up choosing an academic career. In the

openenvironment of academia, all your contacts in industry, government, and at

other colleges and universities will be important to you. In one way or another,
all of these contacts will be your future colleagues. Remember, every visitor to

your department or laboratory, those you meet at conferences, at other schools,

and during visits to industrial and government sites are both current and future
resources for you.

We will return to this important subject in Chapter 7, "Identifying the
Possibilities." Now is the time,however, to start developing a personal database
of people you want to network with now and after you become a professor.
As you find yourself in various situations, remember to introduce yourself to
interesting individuals, obtain their business cards, follow up with a note, and
enter the information into your database for future reference.

The Research Continuum

Applying the three-pronged preparation strategy throughout your under

graduate, graduate, postdoc and job search periods is the best possible

approach. In the following vignette, we show how this strategy took hold for

Professor Shon Pulley of the University of Missouri-Columbia.

Shoo Pulley
University of Missouri-Columbia
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Shon Pulley began thinking seriously about research while an honors
undergraduate chemistry major at Utah State University. Since then, he
has moved through graduate school and a postdoctoral appointment, to an
assistant professorship at the University of Missouri-Columbia, all the

whileexpanding on his initialresearch interests. Although perhaps not fully
aware of it at the time, Pulley applied much of the three-pronged prepara
tion strategy outlinedin this book in his path towardan academic career.

From the start, Pulleywas interested in the organic synthesis of natur
al products. As an undergraduate, he worked on a number of projects
including the synthesis of polymersupported reagents. Duringthis period,
he was able to coauthor four publications with his undergraduate advisor.
At the same time, he was also payinga lot of attention to the way research
was beingconducted. According to Pulley:

The experience with my undergraduate advisor, while he was starting as an

assistant professor, provided insights into getting a group started and develop

ing undergraduate and new graduate students into productive independent

researchers. I was able to build on these insights later on as a graduate student

and postdoc.

At Colorado State University, Pulleyexpanded his interests in organic
synthesis to include the synthesis of natural and unnatural peptide
fragments using optically active chromium carbene complexes. Here, he
published two papers, one coauthored with his advisor, and the other with
his advisorand two other researchers. And,again, he was involved in more
thanjust his own research. As he notes:

During my doctoral studies, I trained undergraduate researchers and helped

new graduate students start on their respective projects. These experiences

were very helpful as I began my own academiccareer.

In addition, Pulley served as a laboratory instructor for general
chemistry classes, which gave him further insights into the interests of
undergraduates, particularly those who did not want to become scientists.

As an American Cancer Society Postdoctoral Fellow at Stanford
University, Pulley directed his research toward the asymmetric total
synthesis of natural products using enantioselective palladium catalysis.

During this time, he continued his supervision of undergraduate and
graduate students, and in his words, "These experiences demonstrated the

commitment required to maintain a productive leading-edge research
group, which I fully intend to draw on to developa vigorous research and
teaching program as a professor."

One of the most important thingsPulleydid as a postdoc was to devel
op a series of research proposals reflecting possible areas of interest as a
future professor or research scientist in industry. He beganwith a one-page
statement, reproduced below, that places his interests in a broad context,
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making a compelling case for further study. Note how the first paragraph
establishes the applicability of his work,the secondparagraph his approach
and reasons for carrying it out, and the final paragraph his suggestions for
future research directions. The statement is written for an organic chemistry
audience, but is general enough to be comprehensible to all chemists, there
by placing his work in a broadercontext while effectively introducing his
plansfor furtherstudy.

The Development of Synthetic Organic/Organometallic Methods

and Future Interests

Recently, a synthetic organic renaissance has changed the way we plan

synthetic strategy. Governmental regulations demand cost minimization and

reductionof hazardous waste streams.The use of enantiomerically pure drugs

in chemotherapyis necessarynot only to realize enhanced specificity, but also

to avoid possibleside-effectscaused by the other enantiomer. Furthermore,the

elucidation of biological processes through structure activity relationship

(SAR) studies depends heavily on organic synthesis to identify clinical

compounds and improve pharmacological profiles. The development of syn

thetic methods that meet the regulatoryand commercial needs of the chemical

industry, especiallypharmaceutical interests,requiresthe trainingof studentsin

organicsynthesis.

In light of these requirements, my research programconcentrateson transition

metals as a means of achieving efficient and cost-effectiveorganic synthesis.

The use of transition metals to effect a desired transformation has several

advantagesover classical organic methods. First of all, metals can effect reac

tions catalyticallyultimately leading to reduced waste and more cost..effective

syntheses. Second, enantioselective processes occurring on a metal center

containingchiralligands will afford enantiopurecompounds. Finally,the mild

and chemoselective reactivity of transition metals allows a more convergent

approachto complexorganic moleculeswithout the need for cumbersomepro

tection/deprotection strategies.The following projectsdevelop novel synthetic

methodologies using transitionmetalsand examine their scope and limitations,

the ultimate goal being the efficient and economical asymmetric synthesis of

clinically interestingcompounds.

Using the methodological studies described below as a foundation, I envision

my program expanding into bioorganometallic chemistry as a method of

achieving selective chemical transformations. For example, transition

metal-catalyzed processes using ligands capable of molecular recognition

shouldbe usefulas modelsfor naturallyoccurringmetalloenzymes. The design

of peptide and carbohydrate-based ligands that will impart selectivity as a

result of distinctive molecular associations is an area with enormous potential

and I present some of my initial intereststoward this end in the last proposalof

this section. This represents long-term research interests that will allow my
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group to use its knowledge of organic and organometallic synthesis to make

valuable contributions to the fieldof bioorganometallic chemistry.

This statement was followed by five proposals, four-five pages each,
outlining possible areas for further investigation. Each proposal contained
the following categories: (1) Specific Aims, (2) Background, (3)
Significance, (4) Experimental Design and Methods, and(5) References. In
Pulley's mind, there is no question that it was the careful thought put into
these proposals and a well-prepared interview presentation that separated
him from the pack when it came to the three or four candidates who were
calledto the University of Missouri for interviews.

There was onemore thing that Pulley didasa postdoc. Hekept hisoptions
openby interacting with industry while doing his research. As he notes:

I wasprepared to go eitherway, industry or academia aftermypostdoc, but the

idea that I couldalso playa role in developing a teaching, as wellas research,

program had a lot of appeal to me.

SUMMARY

There are a number of research-related activities you need to complete prior to

becoming a professor. Some, such as choosing a research topic and identifying

an advisor, are required of all Ph.D. students and postdocs, while others, such as

writing proposals and supervising other researchers, although not specifically

required, will neverthelessput you ahead of most of your competitionlooking for

academic, government, or industry positions.

By applying professional preparation strategies to these activities, you

enhance your attractiveness still further. For example, in seeking Breadth-on

Top-of-Depth, you demonstrate a capability and flexibility for future tasks as

interests and needs change. You are also better able to make a compelling case

for the work you are currently doing.

However, it is no longer enough to be very good at tasks expected of some

one at your present stage of development. You must also look ahead to tasks

expected of those who are in positionsyou wish to occupy in the future, and then

perform some of those tasks now so you can demonstrateyour readiness for such

responsibilities. Such demonstrations are the essence of the Next-Stage approach.

If you then take steps that expose you to people and activities in industry and

government as well as academia (Multiple-Option approach), you expand your

options while at the same time enhancing your attractiveness as a college or

university professor.

In all of the above, you need to identify and maintain contactwith individuals
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through a personal database that can be called upon as you set about

applying for academic positions.

There is one additional thing that you need to do in your preparation for an

academic career. You need to acquire teaching experiences beyond those of an

ordinary teaching assistant. It is to this subject that we tum in Chapter6.
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CHAPTER 6

Teaching Experiences Prior

to Becoming a Professor

Almost every body does TAships. The important question is: Who taught in

summer school, at a local community college, or as a sabbatical replacement?

Research and teaching experiences are whatwill get you the [ob,

Martin Ramirez, Assistant Professorof Biology

Bucknell University

In the previous chapter, I discussed how the three-pronged preparation strategy

(Breadth-on-Top-of-Depth, Next-Stage, and Multiple-Option) could be applied

to your researchexperienceswhilea studentand postdoc.Teaching in some form

prior to becominga professoris also a part of this strategy. Consider the Breadth
on-Top-of-Depth component. It is often said that if you really want to learn

something, take the time to try and teach it to someone else. This statement is

true whether you are talking about your current research to a group of Ph.D.

students or about basic physics concepts to beginning undergraduates. Your

depth of understanding only increases as you seek to explain what you know to
students who are able to ask you questions in the process. At the same time,

your breadthof understanding also increases. As you seek to place your topics in

a meaningful context, look for examples illustrating the concepts you wish to

teach, and seek connections between what you know and the backgrounds and

subject matter interests of the students, you invariably broaden your own

understanding of the material.

Clearly, teaching prior to becoming a professor is an example of a Next

Stage activity. However, it is also illustrative of the Multiple-Option approach.

We see this in the comments of chemistry Ph.D. student Kriste Boering [ I]:

One of the things I had thought would be important would be a separatecategory on

my resume with something I called "Teaching and Leadership Experiences,"
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because I consider those to be related to one another. I find invariably I am asked

about my teaching skills by industrial interviewers such as large chemical or oil

companies [aswellas by potential academic employers] ... I thinkmyteaching expe

rience shows that I am able to communicate. This is very important in any field

you'll be in, anywhere, in any kind of job setting, academic or industrial. If you're

a very technical person, you still need to communicate to the marketing people in

your company about what you're doing, and what it's good for. Well that's exactly

what I tried to do in my general chemistry classesand it's exactly what companies

are looking for beyond your professional training: organizational and communica

tion skills. You can develop bothof thesequalities in teaching.

WHY TEACH AS A GRADUATE STUDENT
OR POSTDOC?

In additionto enhancingyourcommunications skills, the benefitsof acquiring

teachingexperiences prior to becominga professorinclude:

• Confirming in your own mind that teaching is an important part of what

you really want to do

• Helping you prepare for your first teaching assignment as a professor

• Giving you a significant leg up on your competition in your search for an

academic position.

On occasion, such experiences can also provide needed supplemental income.

Chapter 6 begins by discussing the above benefits in greater detail. It then

looks at a variety of teaching possibilities open to graduate students and

postdocs, some of which may not have occurred to you. Information will then be

provided on how to locate the appropriate opportunities and how to prepare for

them. Tips on how to prepare a teaching portfolio to capture and present your

successful teaching experiences is discussed next. The chapter concludes with a

vignette describing the teaching experiences of a chemistry postdoc at a large

Canadian university.

Confirming That Teaching Is What You Want To Do

You have observed teaching for as long as you can remember, and now it is

something you think you would like to do. Yet, as you may already suspect, it is

one thing to observe teaching and another thing to actually do it, and do it well.

Teachingassistantships (TAships) expose you to certain aspects of teaching, and

they are a good place to start. However, nothing compares with giving lectures
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that are engaging and informative, dealing with student questions on the spot,

and preparing examinations and homework assignments that connect with your

lectures. As a geology graduate studentwhohadjust taughtan introductory earth

sciences courseremarked, "The idea that I was the onlyone responsible for what

my students weregetting, that my coursemightdetermine who wenton to major

in theearthsciences, that I was theone whodetermined theirfinalgrade,and that

the University countedwhat I did just like they did a 'real' professor, was quite

sobering." For all of you, including those heading for Research I and II

institutions, teaching willbe an important, if notcentral, activity during youryears

as a professor. Now is the time to find out if this is what you really want to do.

Helping to Prepare You forYour First Teaching Assignment

as a Professor

Wanting to teach is important, but, of course, wanting alone is not enough. As

someone once said, "Thosewho think all you have to do to be a good teacheris

to love to teach, have to believe that all you have to do to be a good surgeon is

to love to cut." Indeed, the medical model is quite instructive.

Your health maintenance organization has assigned you to a new physician who is

just starting his practice. You makean appointment to see him,complaining of pain

in yourlowerrightside.He confirms it is appendicitis, and says he wantsto operate

rightaway. In answerto youranxious questions, he informs you this willbehis first

operation, and that he will probably be a bit nervous. But he also tells you not to

worry. He has studied the appendix extensively, and he evendid someresearch on it

whilea medical student. Furthermore, he hasdreamed of beinga surgeon for as long
as he can remember. He has observed hundreds of operations, although it has been

some time since he witnessed an appendectomy. However, before completing his
degree, he assisted a well-known surgeon by handing him the scalpels duringa heart

bypass operation. But no, he has not yet performed any surgery on his own.

I suspect that under such circumstances, you would say thank you very
much, head for the door (as best you could), and start shopping around for
another physician.

Of course, nothing like the above is actually going to happen because it is

not the way surgeons are trained. All future surgeons go through an extensive

period in whichthey work side by side with experienced surgeons. At first, they

just observe. Then they assist the experienced surgeon, and only then, with an

experienced surgeon at their side, and usually dozens of other physicians

looking on from above, they perform their first operations. It is quite some time

before they are actually performing operations in which they are the only
physician on the scene.

I recognize that teaching does not involve life or death situations as is often
the case with surgery. Yet, we insist that all future professors obtain training as
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researchers prior to entering the profession, even though half will do little or no

subsequent research, but we do not do the same with respect to teaching. Is it

because we think that, compared to research, teaching is "easy" and does

not require much preparation? Or is it because we think that the cost of poor

teaching, at least in the beginning, is not that great? Or is it both?

Good teaching is not easy, and the cost of doing it poorly is high. By

actually teaching part, or in selected cases all, of a course as a graduate student

or postdoc you will be better prepared and have greater confidence when you

start teaching as a professor.

But does not such an approach create an obvious problem? If one of the

arguments for obtaining teaching experience whilea graduate studentor postdoc

is that the students you first teach as a professor will be betteroff because of it,

then what about the students you teach before you become a professor? Are not

they being shortchanged by being your first students? Not necessarily. Wejust

touchedon the medical training model in which the residentsurgeon does his or

her work under the direct supervision of an experienced physician with many

other physicians observing and with plenty of feedback from everyone after the

operation. A similar process takes place in the training of high school and ele

mentary schoolteachers. Here,"student teachers" teachone or two classesunder

the direct supervision of a masterteacher. The studentteacheroftengoesover the

lessonin advance with the masterteacher, and there is considerable reviewof the

teaching, homework assignments, and examinations by the master teacher.
A similar system could be used in the preparation of professors. It might

involve a multistep approach beginning with teaching assistantships, followed by
guest lectures, and/or the teaching of class modules in courses in which the
regular professor is present. These experiences might then be followed by team
teaching with an experienced professor, and/or the teaching of a special course
such as one taught through a university extension, in a field in which the gradu

ate student or postdoc has clear subject-matter expertise. Finally, under certain

circumstances, and still under the mentorship of an experienced professor, an

advanced graduate studentor postdoc could take full responsibility for teaching

an entire course.

Some schools have begun to take steps in this direction. One example is a

pilot program at North Carolina State University, called "Preparing the

Professoriate." In focus-group discussions, it was found that doctoral students

wanted "opportunities to prepare more fully for the academic life of a professor...

to learn to teach in the same way that they learn to do research in a significant

and extensive advising atmosphere" [2].According to NorthCarolinaState [2]:

The program uses "mentoring pairs," each of which teams a doctoral candidate with

a current or emeritus professor. Throughout an academic year, the mentors work

with their graduate students ("teaching associates") to develop individualized plans
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for substantive teaching experiences; these range from course preparation and

planning to final course evaluation.

Another example is a project sponsored jointly by the Association of

American Colleges and Universities and the Council of Graduate Schools. Known

as Preparing Future Faculty, it has awarded 17 doctoral institutions a total of $1.8

million from the Pew Charitable Trusts to create special teaching programs for

future academics. Says Bianca L. Bernstein, dean of the graduate college of

Arizona State University, one of the participating schools, "For too long, the only

skills that doctoral programs have sought to impart involve research. Too many

Ph.D.'s wind up learning teaching skills on their first faculty job." The Preparing

Future Faculty program seeks to change this situation through mentoring

programs, and seminars, and by providing opportunities for students to explore all

aspects of teaching, including developing a course from scratch [3].

Giving You a Significant Leg Up On Your Competition inYour
Search For An Academic Position

You can bet your Ph.D. that evidence of teaching experience will be looked for

in your application for an academic position. You can also be sure that you will

be asked about such experiences, or lack thereof, during your job talk and cam

pus interview. In fact, having such experiences can go a long way toward deter

mining if you are one of the three or four, out of perhaps hundreds of applicants,

who even gets a job interview. Remember, also, that getting a job offer from a

school you are interested in is only the start. You want to be able to negotiate the

best possible set of initial conditions in terms of teaching, research, type of

position, and available resources. To do so, you need to be the most competitive,

and teaching experience is one thing that can help make you this way.

We will discuss this matter in greater detail in Part II, "Finding and Getting

the Best Possible Academic Position." The point to note here is that, in spite of

statements about research expectations you see in academic advertisements, the

primary reason for hiring most new faculty is to have them teach classes.

Positions usually become available because a professor has left the department

and a replacement is needed to teach his or her classes. On more rare occasions,

a position opens up because the department is expanding into new areas. In both

cases, the primary need is to fill teaching slots, and search committees will want

to know how you can help to do so.

Over the last few years, there has been a shift in the statements about

teaching experience in academic job announcements for assistant professors in

science and engineering. A few years ago, most announcements sought

"outstanding potential for excellence in teaching and research." Today, many

more announcements seek "demonstrated skills in teaching and research," and
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a number clearly want "evidence of teaching excellence," accompanied by a

statement of teaching philosophy and the presentation of a teaching portfolio.

Here is an example of an advertisement for a beginning assistant professor

positionthat appearedrecently in the Chronicle ofHigher Education [4].

Industrial/Systems Engineering: The Industrial and Systems Engineering

Department (ISE) at Virginia Polytechnic Institute and State University (Virginia

Tech) seeks an entry-level tenure-track person to continue advancing the program

in Systems Engineering with an emphasis on Systems Life-Cycle Engineering,

the Systems Engineering Process, Economic Analysis, Design, Evaluation,

and Logistics Engineering. This position will be available in the Fall, and requires

teaching in ISE at both the graduate and undergraduate levels. Candidates must

demonstrate a potential for creativeresearch and the capacity for significant contri

butions with the Systems Engineering Design Laboratory. Demonstrated teaching

excellence is expected. Preference will be given to applicants with the ability to

lecture via distance learning media, to collaborate across disciplines, to interface

with systems oriented agencies and firms, and to publish. At least one degree must

be in Industrial and Systems Engineering (Ph.D. preferred), witha preference for all

degrees in engineering. Salary is commensurate withqualifications and experience.

Applicants should send a complete resume including personal data, education,

publications, research, and professional experience, togetherwith namesof at least

three references to.... (italicsadded).

TYPES OF TEACHING EXPERIENCES

A variety of teaching opportunities are available to interested and qualified

graduate students and postdocs. (See Figure 6-1.) Some have existed for years

and are well established, while others are not so common and may require
special permission from a professor or the department. Possibilities in addition

to teaching assistantships include guest lecturing, teaching class modules, team

teaching with a professor or another student, teaching a regular course at your

own or another institution, teaching extension courses,and teaching via distance

learning. The key is to customize your experiences to fit your particularinterests

and capabilities, and to do so in stages that are accompanied by the oversightof

an experienced professor.

Teaching Assistantships-a Good Place to Start

In some schools and departments, serving as a teaching assistant in return

for partial tuition credit andlor stipend may be required whether or not you are

considering an academic career. One advantage of a teachingassistantship is that

the infrastructure for doing it is already in place.Mechanisms for obtainingthese

positions are well known, although this does not mean that getting a specific
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Types of teaching experiences.
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position is automatic. In most departments, there is at least some written material

on teaching assistantships, and in many cases, there is at least some training

provided. You are surrounded by "colleagues" who have done or are doing

teaching assistantships, and they are available to give you advice and support.

Teaching assistants handle many routine, but essential, teaching responsibil

ities such as preparing problem sessions, writing problem sets and examinations,

holding office hours, preparing laboratory experiments, writing up handouts,

giving late/early examinations, grading, and answering electronic mail. As

a teaching assistant, you will begin to experience some of the essential nonlec

turing responsibilities that are part of being a professor.

The key to successful teaching assistantships is leveraging. You need to see

this activity as preparation for the teaching experiences that follow. Imagine that

the course is one you will later teach as a graduate student, postdoc, or beginning

professor. You will want to keep copies of the handouts, homework assignments,

laboratory exercises, and examinations. You may even want to ask the professor

for a copy of his or her lecture notes. Most teaching assistantships require you to

attend the class lectures given by the professor. Even if they do not, be sure to do

so. In class, imagine that you are the professor giving the lectures. What would

you seek to emulate? What would you do differently? How would you answer

questions, change the handouts, overheads, and examinations? Finally, try to

identify a few lectures that you would particularly like to give, and make a note

to talk to the professor about doing so in a later semester.

Also, take the initiative to discuss the design of the course with the

professor. As a teaching assistant, you may have wider latitude than you think

about what you can contribute to the course, and you might want to talk to the
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professor about your role, especially if you want to have independent responsi

bilityfor reviews or developing handouts or visual aids. He or she may welcome

more assistance/contributions from you.

Guest Lecturing

The next logical step after servingas a teaching assistant is to start giving guest

lectures. Todo so, you needonly the permission of the professor in chargeof the

course. One type of guest lecture takes place when you, in effect, substitute for

the professor and seek to give, with perhapssome modifications, the lecture the

professor would have given. This approach may not seem all that interesting or

innovative. However, for your first time out, it will do just fine. The noveltyof

the experience will be exciting enough.

Another type of guest lectureoccurs when you give a presentation on your

particular interest or specialty. In this case, your talk complements the regular

course material. You have greater flexibility in what, and how, you present your

ideas since you are the experton the subject matter. On the other hand, you will

probably have to develop your presentation from scratch with little or no help

from the instructor.

Keep in mind that just because you are talkingaboutyour research does not

mean your lecture has to be given only to an advanced class. Your talk can go

over verywell in an introductory course,provided it is presented at the right level
and in the appropriate context. Here are just a few examples of guest lectures
given recently by graduate students or postdocs to introductory classes:

• An astronomy graduate student at the University of Arizona, working
with charged coupleddevices (CCDs) to enhance images from telescopes
at the Kitt Peak National Observatory, gave a lecture on this subject,
accompanied by photographs, to an introductory astronomy class.

• A computer science graduate student at the University of California,

Los Angeles, studying parallel computing architectures, gave a talk to an

introductory meteorology class on the use of such computers in weather

forecasting.

• A materials engineering postdoc at Virginia Polytechnic Institute and State

University, studying how different surface materials behave when in

contact with each other, gave a lecture to the school's first-year dentistry
students on how his workapplies to problems withdentalcrownadhesion.

• A biology graduate student at the University of California, Berkeley,
studying implantable telemetry systems in deer, gavea talkon his subject to

an introductory ecology course at San Jose State University.
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Teaching Class Segments or Modules

Afteryou havegivena few guest lectures, you mightwant to step up to teaching
longersegments of a few weeks or more. One reasonfor doing so would be the
scheduled or unscheduled absence of the regularprofessor. In this case, you will

probably try to replace the professor in muchthe samewayas youdid in the first

type of guest lecture.

Another reason for teaching a segment or module would be your expertise

or specialty in an area to be covered in the course.

The first timea graduate manufacturing coursewas taughtat Stanford University, it

focused on twomanufacturing processes: metalforming and semiconductor fabrica

tion. Feedback from the students indicated that exposure to additional processes

would be desirable, so the next time the course was taught, the professor invited a

postdoc to teacha three-week segment on composite materials manufacturing.

Obviously, teaching a segment or module of a course takes more time than

one or two guest lectures. In addition to planning a sequence of presentations,

you willprobably need to develop relatedexamination questions and homework

assignments. However, doing so can be a nice extension of your earlier lecture

and teaching assistantship work, while still having you operate under the
guidance of a regularprofessor and within an existingclass structure.

Team Teaching

Team teaching, in which you and someone else such as a professor or perhaps
another graduate student or postdoc, share responsibilities, is yet another
possibility. Under these circumstances, you would probably become a paid
university employee. This situation is morelikely to occurwhena new course is
being proposed, and you and your partnerare working together to both develop
and teach the course. Both of you are likely to be present at all the lectures,
although specific duties may be divided along the lines of individual interests
and expertise. This approach is a great way to obtain both teaching experience

and experience in developing a new course, something you will most likely do

in your first year or two as a professor.

Teaching a Regular Course

Teaching a full course entirely on your own is the ultimate preparatory experi

ence.Here,youare the "professor," and willbelegallyresponsible for all aspects

of the course. In most cases, you will probably be replacing someone who is on

leaveor otherwise not available. This way, the university will not have to create
a new slot for you.
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Teaching a full course is a very time-consuming activity, so you want to

think carefully before making such a commitment. You may want to do it near

the end of your graduate student or postdoc experience. True, this periodis also

the time when you are most engaged in your research. However, teaching a

course while doing research can provide a welcome balance in your life. It is

also something you will almost certainly have to do as a beginning professor;

therefore, showing this Next-Stage capability in advance couldbe a smartmove.

Many introductory science and engineering courses are offered in multiple

sections at various times in a given semester. You might want to teach one of

these sections. I am referring here to full teaching responsibility of a section that

has about 30 or so students, and not a teaching assistantship in which you work

with a study section of a larger lecture course. Under these circumstances, you

will likely stay in step with the professors in the other sections, use the same

textbook, and give the same homework assignments and examinations. Again,

for your first time out, such an assignment will be just fine.

TavaLennon, a professor of industrial operations and engineering at the University

of Michigan, attended the University of Auckland in New Zealand. After doing her

honors work in mathematics, and before coming to the United States, she taught a

section of a statistics course for nonscience majors. Other sections were taught by

otherprofessors. Theysharedtheirexaminations and homework assignments. "They

weremy mentors andguides,"says Lennon, whocreditsthisexperience withsetting

her on the road to becoming a professor.

Developing a newcoursefromscratchthat you teachyourselfwill certainly
take the greatest amount of time, but it can also bring the greatestrewards.

MartinRamirez worked for the Academic Excellence (ACE)program whilea grad

uate studentat the University of California, SantaCruz.ACE is an honorsprogram

for minority students in the natural sciences that seeks to challenge them academ

ically and motivate them to take an active, cooperative role in learning through

groupprojectsand groupdiscussions. As an ACEstaff member, Ramirez developed

and taughtan introductory biology courseespecially for thesestudents that met four

hours per week. "It was hard work,but an invaluable experience," says Ramirez. "I

used this approach later at Pomona College in Southern California, and now at

Bucknell University in Pennsylvania."

Teaching Summer School

Finding courses to teachduring the summermay be easier than during the acad
emic year because fewerregularfaculty are available at that time. This way you
do not have to waituntila slotopensup from a professor whomightbe goingon
leave. However, teaching summer school presents its own challenges. The much
faster pace, the possibility of fewer resources being available, of not having
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as many regular professors around to interact with, and in some cases having

students who are not part of the regular student body or who are not expecting to

work as hard are all factors to consider.

Yet, summer school is often a time when you can experiment more freely

with different courses of nonstandard length and format.

Nancy Kelly, of theMassachusetts Institute ofTechnology, taught a one-week summer

course she developed in "Speech Spectrogram Reading," which began with a half

dozen graduate students from electrical engineering, butquickly expanded to dozens

more from otherdepartments and from industry. "I eventually packaged it as a one
hour perweek, ten week course forVoice Processing Corporation," remarked Nancy.

Teaching at Another Institution

Your teaching possibilities need not be confined to your graduate institution. If

you have a specialty that is in demand and are willing to teach at less popular

hours, such as early morning or in the evening, then a nearby institution may

present an ideal opportunity.

Princeton University has a program that allows interested science and engineering

graduate students to teach basic math andscience classes in theevening at local com

munity colleges. This arrangement works nicely for the community colleges, which

need part-time, temporary teachers in theevening, andit works well for thePrinceton

graduate students whoare looking for teaching experience andextraincome.

By looking outside your graduate institution, you increase your teaching possi

bilities, not only because you are looking at more schools, but also because the

type and number of courses available will be much greater. Teaching at another

institution, particularly if it is different from your own, i.e., Master's

or Baccalaureate, can help you decide if this is a type of school you would be

interested in as a professor. This Multiple-Option approach broadens your port

folio of experiences and references, and increases your overall competitiveness.

Teaching Extension Courses

Many colleges and universities offer extension or continuing education

programs. Some of the courses offered in these programs are regular university

classes taught at a different time and location, but many others are specially

designed to meet the needs and interests of the local community. In the San

Francisco area alone, over 3000 such courses are taught each semester. Some

extension courses are taught by regular university professors. Most are taught by

"specialists in the field" who are usually working professionals or graduate stu

dents and postdocs who have a particular area of expertise. A recent notice in the

University of California, Santa Cruz extension catalog put it this way [5]:
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Teaching a UCSC Extension coursenotonly represents an important serviceto one's

community, it can also be a personally challenging and rewarding experience. If you

have a relatedbachelor's degree or higher, five or more years industrial experience

and would like to be a UCSC Extension instructor, please send your resume and

names of coursesyou wouldlike to teach to...

Some courses that are part of certificate programs attest to the students,

knowledge and success in a specialized areaof professional education. Examples
include:

• Advanced environmental management

• Computer engineering

• Managing the development of technical information

• VLSIdesign engineering.

Mark Gittler, manager of financial planning at Syntex Corporation, teaches an inter

mediate accounting class through the UCSC Extension. TomAdams, who works for

Apple Computer, teaches a Supply ChainIntegration course through the samesystem.

Other courses, many of which are in the sciences, are taught to those

seeking personal growth and enrichment.

Andrew Fraknoi, former executive officer of the Astronomical Society of the

Pacific, teaches a Saturday course on "Black Holes and Other Deep Space
Mysteries" to over 100students at San Francisco State University.

Bruce Elliot, a director at the California Department of Fish and Game, teaches a

short course on Wildlife of Northwestern California through the University of

California extension.

In certain situations, particularly with courses that are part of a certificate

program, instructors are provided with syllabi, homework assignments, and

examinations. In other cases, the courses are developed by the instructors from

scratch. In almostall cases,whether or not the course is actually taught, and you

actually get paid, depends on a minimum student enrollment. On the positive

side, your course is likely to be filled with adults who want to be in your class.

A Note ofCaution:

Teaching, with all its preparation, takes a great deal of time. And the more

complex the tasks, the more time they take. Moretime is required to prepare and

teacha three-week segment than to teach one or two guest lectures. Much more
time is required to teacha full coursethan to teacha segment. In all cases, it will
takemuchmoreeffortthanyoufirst imagine. Agoodruleof thumbis to estimate
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as best you can how long it will take, and then multiply by three.

Also, unlike much of your research, teaching is something you have to do

on schedule. You cannot postpone it to a later time if something more pressing
comesup. In somecases,you will have to sign a contractthat will be even more

specific aboutexpectations and responsibilities.

It is very important not to overcommit yourself. If time concerns mean

stopping at a teaching assistantship, then do so. If it means giving a few guest

lectures rather than a sequence of lectures, or a sequence of lectures rather

than a full course, then do so no matterhow enticing the more time-consuming

opportunity mayappear. You wantto do something that you willbe proudof, and

that you can include in your teaching portfolio.

HOW TO FIND THE RIGHT TEACHING
OPPORTUNITIES

Thereare a variety of waysto identify or createteaching opportunities. The most

obvious is to simply announce that you want such opportunities. Tell as many

professors, students, and postdocs as possible. Often, faculty declare that, had

theyknown students wantedto giveguest lectures, teachclass segments, or even

teacha full course, they wouldhave encouraged and supported this desire.

Next,findout whatis currently goingon.Whois doingwhatyou mightwant

to do? By definition, the possibilities discussed in this chapter are temporary,

which means the peoplenow doing them will not be doing them one, two, or at

most three years from now. Now is the time to get in line for some of these
opportunities. Start with the area closest to home: your advisor, your research

group, and then moveon to yourdepartment. Do not rule out otherdepartments,
particularly when it comes to guest lecturing. Remember, some courses are
cross-listed in more than one department.

Arrangements at other institutions will probably require personal referrals.
Many faculty at your institution know colleagues at nearby institutions, so start
with them. Get to know faculty from other institutions who are visiting your
campus to give seminars. Here, again, the main thing is to put out the word that

you are interested in suchpossibilities. If youdo, and if you remain flexible, then

youare likely to end up withmany moregoodopportunities thanyoucan handle.

PREPARING FOR A SUCCESSFUL EXPERIENCE

Obviously, you want to do all you can to make your teaching experiences a

success for both you and your students. It is important to remember, however,
that nobody gets it completely right the first time, and even the best teachers are
always improving. It is very likely that your first lecture will be in a course you
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have already taken, or have observed as a teaching assistant. In any case, since

you are almostcertain to have some advance noticebeforegiving your lectures,

be sure to sit in on the lectures leadingup to the one you will give. If you cannot

observe such lectures live, see if you can watch a videotape of the professor

teaching the course.

Most departments have orientations for teaching assistants. If not, ask to

have set one up. At the very least, talk to other teaching assistants, in particular

the person who was doing the same class last year.

In preparing your lectures, you need to consider the objectives of your

presentation, howtheyrelateto the objectivesof thecourse,and the backgrounds

and interests of the students. Your best sourceof information in this regard is the

professor who has taught the course before. Do not be afraid to ask for advice

and suggestions from those who have already done what you want to do. It does

not reflect poorly on you; just the opposite. It will help you avoid costly

mistakes, while savingyou significant amounts of time.

In addition, thereare numerous written materials thatcan assistyou in prepar

ing lectures, examinations, laboratory exercises, and homework assignments.

Threesources I havefound particularly useful are Teaching Engineering by Philip

Wankat and Frank Oreovicz [6], The New Professor's Handbook: A Guide to

Teaching and Research in Engineering and Science, by Cliff I. Davidson and

SusanA. Ambrose [7], and TheNew Faculty Member, by Robert Boice [8].

Obtaining feedback on your teaching is essential. At most universities, a
course evaluation is passed out at the end of the semesterjust before the final
examination. However, feedback neednot takeplacejust at theend of thecourse.
You can hand out a midcourse evaluation form to your class anytimeyou wish,
and thus makechanges beforethecourse is over. Anotherformof feedback is the

students' reactions to what you do. Lookat their faces when you speak. Are they
bored?Are they keeping up? Often, a well-posed question with a healthy pause
afterwards can give students a chance to speak up, and give you an opportunity

to gauge how much they are learning.

A word of caution is in order here. Missing in any on-the-spot evaluation

is a measure of the lasting value of what is taught, and how it is taught. Some

courses that were highly rated by students at the time they were taken were

thought to have been of much lesser value by those same students three or four

years later. The reverse is also true. I know of a chemistry teacherwhosecourse

was much more highly regarded by his former students after they moved on to

medical school than it was by those same students at the time they actuallytook

the course. Only longitudinal evaluations can provide such an assessment.
Unfortunately, only a few collegesask for such evaluations even at tenure time,

much less for former studentteachers.

If your school has distance learners, you may want to meet with the

instructional television network set up on your campus to support them.

Typically, students watching the class remotely havespecialneeds. For example,
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you may need to give problem sets and handouts to be distributed to remote stu

dentsseveral daysbeforethe actualday of the class.Alternatively, you may need

to schedule a special room with camera equipment for the final examination

review session.
Finally, be aware of other resources at your disposal. Many colleges and

universities have centers for instructional development that assist faculty and
graduate students in improving their teaching. There are now several hundred

such centers, with the number growing each year. Examples include: the

Program for Instructional Excellence at FloridaStateUniversity, the Faculty and

T.A. Development Center for Teaching Excellence at Ohio State University, the

Teaching Excellence Center at Rutgers University, and the Center for Teaching

and Learning at Stanford University. Most of these centers have workshops on

the keys to successful lecturing, and many have videotape libraries containing

presentations by award-winning professors. These centers can also help you

obtainfeedback on your teaching. Theyhaveeverything fromlectureandcourse

evaluations that can be given to students, to observers who can sit in on your

classes, to ways of videotaping your presentations for playback and evaluation

at a later time. Not only are such records helpful to you in improving your

teaching, but they provide a way of documenting your successes in your

teaching portfolio.

YOUR TEACHING PORTFOLIO

You have put a lot of time and effort into acquiring various teaching experiences.

Now you need to capture your successes in a record for later use. Since your
teaching ability is not easily shown on your curriculum vitae or during a job
interview, a "teaching portfolio" illustrating suchexperiences can serveas a very
useful addition to your application for an academic position. The intent of the
teaching portfolio is to capture the intellectual substance and actual samples of
teaching methods that an academic interview, vitae, or application letter cannot.
Suchcapture is particularly important whenapplying for positions where teach

ing is stressed in the job description. In addition, teaching portfolios are being

usedwithincreasing frequency in faculty retention, tenure, andpromotion (RTP)

decisions. For this reason, the portfolio you start working on nowcan be the one

you add to on a regularbasis after becoming a professor. (See also Chapter 11,

"Insights on Teaching and Learning".)

A useful guide to teaching portfolios is The Teaching Portfolio-Capturing

the Scholarship of Teaching by Russell Edgerton, Patricia Hutchings, and

Kathleen Quinlan. According to the authors, the notionof the teaching portfolio

"lies in the analogy to portfolios kept by architects, designers, painters, and
photographers to display their best work" [9, p.3].
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Think of a teaching portfolio as a special insert in your curriculum vitae

under the heading of "Teaching." As in the case for artists, it is your best work,

not everything you have done. According to Shore et al., it is "... a summaryof

a professor's major teaching accomplishments and strengths. It is to a professor's

teaching what lists of publications, grants, and academic honors are to research"

[10].

In fact, Edgerton et ale make an interesting observation about the different

way we look at the evaluation of researchand teaching, and how it is connected

with the teaching portfolio [9, p.5]:

When it comes to research, faculty take for granted that it is their responsibility to

present evidence of accomplishment. In the case of teaching, however, evaluation

often appearsto be something that happens to faculty-be it through studentcourse

ratings or obligatory classroom visits by chairs or deans. Portfolios place the

initiative for documenting and displaying teaching back in the hands of the person

who is doing it; they put the teacher back in charge... selecting, assembling, and

explaining portfolio entries that accurately represent actual performance.

Your portfolio should begin with background information, such as your

curriculum vitae,a description of the schooland settingin whichyou taught,and

the natureand prerequisites of the course, followed by selectedentries.A typical

portfoliomight include [9, p.9]:

Worksamplesfrom current or recent teaching responsibilities, such as

• Course materials prepared for students such as exams, handouts, discus
sion questions

• Essays, field or lab reports, and other studentworks withTA critiquesand

feedback

• Anedited videotape or written casestudyof a classroom teaching experience

• A reflective memo on the course syllabus, if you developed the syllabus

yourselfor collaborated with others in developing it.

Documents of one's professional development as a teacher, such as

• Records of changes resultingfrom self-evaluation

• Evidenceof participation in workshops, seminars, and professional meet

ings intended to improve teaching.

Information from others, such as

• Statements from colleagues who observed your teaching

• Invitations to teach from outside agencies.
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These suggestions are taken from a more complete listing that appears in

Appendix A, "Possible Items for Inclusion in a Teaching Portfolio."

Increasingly, colleges and universities are asking that your teaching

portfoliocontain a statementof your personal philosophy of teaching and learn

ing. This statement is something you should think carefully about during the

period leading up to the time you apply for your first professorship position.An

example of such a statement appears in Appendix B, "Statement of Personal

Philosophy Regarding Teaching and Learning."

Finally, here are some tips for developing your teaching portfolio [11]:

• Start compiling samples for your portfolioas soon as possible.

• Form the habit of filing away samples of work which demonstrates your

teaching.

• Select those items which you deem to be the best examples of your work

demonstrating teachingquality.

• The format of your teaching portfolio will vary, depending on intended

use.

• Be sure the format is well organized and presents your work with care,

neatness, and creativity.

• After you secure a job, plan to continue to retain copies of your work.

Teaching as aPostdoc

Obtaining teaching experience while a postdoc can be critical to your future

academic success. In the following vignette, we see how such experiences are

helping a chemistry researcher at a large Canadian university.

Ulrike Salzner
Memorial University of Newfoundland

I knew there were a number of things I needed to do to make myself more

attractive to academia, and obtaining teaching experience was clearly one

of them.

So says Ulrike (Uli) Salzner, a postdoc in the Chemistry and Physics
Departments at Memorial University of Newfoundland (MUN), a Doctorate
I university of about 18,000 students in S1. John's, Newfoundland. The
approach taken bySalzner is illustrative ofboththeBreadth-on-Top-of Depth
andNext-Stage components of our professional preparation strategy.

Salzner's undergraduate andgraduate studies tookplace in the Federal
Republic of Germany, culminating in a Ph.D. in theoretical organic chem
istry(1993) from theUniversity of Erlangen-Nuremberg. After graduation,
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she accepted a two-year postdoc in the Chemistry Department at Northern

Illinois University in DeKalb, IL. "This position gave me the opportunityto

continue my work in theoretical chemistry, and to be in an environment

where I could improve my English," comments Salzner. As her appoint

ment came to a close, she applied for a number of faculty positions in the

United States and Canada. She was on the short list at a few schools, but did

not receive an offer.According to Salzner:

My foreignstatus may have been part of it. The fact that I had concentrated in

one area of chemistryalso narrowedmy chances.And then there was my lack

of teaching experience. In German universities, Ph.D. students almost never

have the opportunity to teachclasses. I wasable to conductsmallseminars, and

the experience showedme I could explain things well to others. I also came to

feel that teaching and research were things I would like to do.

Since Salzner did not have a faculty position, she decided to apply to

other universities for a second postdoc. Now, however, she had some new

objectives in mind. "While I couldn't do anything about my visa status, I

realized I could do something about my research and teaching. I wanted to

broaden my research horizons, and at the same time obtain real classroom

teaching experience," she explained.

The position at MUN offered her the opportunity to do research in an

entirely new area. As Salzner puts it:

When doing a postdoc, you have to be careful. It is easy enough to get a

positionadvancing the workof your supervisor, but whatdoes this do for your

career? You want to be sure to do what is good for you as well. I neededto try

another area, one that had a broader appeal within the field as a whole. The

MUN offer wouldhave me doing research in a more appliedmaterials science

area involving the development of intrinsically conducting organicpolymers. I

would be part of a team consisting of myself, an electrochemist, a theoretical

chemist, and a physicist, and this appealedto me as well.

However, Salzner had another problem that had nothing to do with

research and teaching. She needed more money. She was a single mother

with a small son, and the standard postdoc salary simply was not enough.

MUN really wanted her; yet, the only way they could provide her with a

higher income was if she agreed to teach a chemistry class as part of her

postdoc duties. This "requirement," of course, fit perfectly into her plans,

and she eagerly accepted the position.
Her teaching assignment took place during the first semester she was

in S1. John's. CommentsSalzner, "I had a freshmanchemistryclass with 84

students. It met four hours a week for lectures, and another three hours a
week for laboratory. In addition, I supervised two other laboratory classes

of another professor. This assignment was basically full-time, so I put my
research somewhat on hold during the first four months."
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Salzner's course was taken by students who had not had chemistry

before or who had done poorly in such a course. They included nurses,

some future science majors, and those who were taking it solely to fulfill a

general education requirement. In Salzner's words:

It certainly made for a challenging experience. For the most part, I had to

assume my students didn't know anything, not even the basic structure of the

atom.I hadto figureout howto bringscience to themin waystheycouldunder

stand,whilealso making it interesting. I also found I had to read the textbook

carefully myselfin order to organize the material in a didactically useful way.

For me, the mostenjoyable part was whensome of my students reallycaught

on, whenthey startedsitting in the front of the class, and when they came to

see me in my office to discuss things further. I really feel I reached some of

themin a significant way.

At the same time, I know there were others I couldn't reach. Some stopped

coming to class,andeventually dropped out.Around 20%of mystudents failed

the class,whichis aboutaverage for the course,yet I still felt badlyabout it.

Salzner had a lot of independence in terms of what, and how, she

taught. As she puts it:

To a certain extent, I was surprised at how much they trusted me. On the

other hand, they were awareof my background, and knew I could give well

organized talks. Also, we went out for pizza every week, and I asked a lot of

questions, so they knewI was puttingeffort into my teaching.

Salzner is now fully engaged in her research at MUN, but may teach

again in the second, and final year of her postdoc. She is clearly delighted

at having had the opportunity to do so in her first semester, summing up

her feelings this way: "Not only has it closed an important gap in my

background, but it has convinced me that more than ever I want to become

a professor."

SUMMARY

We began this chapter with a.discussion of the benefits of obtaining teaching

experience prior to becoming a professor. These included: confirming in your

ownmindthat teaching is whatyou wantto do, betterpreparing yourselffor your

first full-time teaching assignment, and givingyourselfa leg up on your compe
tition for a faculty position. These experiences fit nicely into our three-pronged,
Breadth-on-Top-of-Depth, Next-Stage, and Multiple-Option preparation strategy.
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We then examined a number of teaching arrangements starting with

teaching assistantships, followed by guest lectures, the teachingof class modules

or segments, team teaching, teaching a full course during the academic year or

during the summer, teaching extension or continuing education courses, and

teaching at another institution. We discussed how to obtain one or more of the

above, followed by a look at some of the ways to prepare for your teaching

assignments and how to obtain useful feedback on your teaching. Wethen intro

duced the idea of the teaching portfolio, and how it can be used to capture the

successes in your teaching experiences for presentation to potential employers.

The chapter concluded with a vignette describing the teaching experiences of a

chemistry researcherat a large Canadian university.

Having discussed the various research and teaching experiences that you

need to acquire prior to becoming a professor, we are nowreadyto tum in Part III

to the important task of finding and getting the best possible academic position.
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CHAPTER 7

Identifying the possibilities

Considerthis:

You havebeen singlefor quitea while. You are securewithyourselfand enjoy your

independence, but you are startingto feellike you are readyfor a relationship. You

have done your share of datingand have had a few "trial runs," but now you want

to really find "the one."

So where do you look for him or her? You could simply hope he/she finds you,

or youcouldfigureout someways in whichyourchancesof havingan encounter

with a compatible person are greatly enhanced. One way may be to determine,
and then select, certain places you would be more likely to meet people with
interests similar to your own.

Until now, you have met people mostly by chance or at social gatherings,
in other words, in a very generalsetting. While you know you cannot "shop" for
Mr. or Ms. Right, you do think, and your nonsingle friends have told you, that
looking in the right placescan make a big difference.

You are aware that first you must decide what type of person you are look

ing for, including what kind of values and goals you would want them to have.

In order to determine this, however, you must first take a closer look at yourself

and be securewith what you find. You need to draw on your earlier explorations

and experiences, and connect them with your particularinterestsand desires.

Once you have gotten a mental picture of the person you want to find, then

think of the places you would most likely meet him or her. Are they the same

placesyou like to go? Is your imageof this personvery generalor is there some-
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thing unique that you are looking for? The image you have could make a big
difference in whereyou lookand how much"competition" you mightencounter.

If what you want is not all that special, it probably will not take long to meet

someone, but chances are the person you do meet will only have some of what

you are looking for. However, if you are seeking someone really special, it may

be more of a challenge to find, and "get" him or her, but much more rewarding

in the end.

Your chancesof finding the right personat the right place improve tremen

dously if you take the time to decide what your best options are before you set

out on the hunt. This way, when the time comes, you will know where not

to look as well as where to look. You will know the kinds of people you were

seeking, and perhaps couldeven modify your approach to increase yourchances

of finding the "one." You couldalso ask othernonsingle friends abouttheirexpe

riences in finding a mate. The information they provide would not substitute for

your own exploring, but it could give you valuable insights on where to focus

your efforts. Such insights would be helpful in spite of the fact that each person

would have hislher own preference for a particular partner and areas in which

to look.

EXPLORE NOW, SEARCH LATER

In seeking an academic position, as in seeking a mate, it is essential that you

explore before you hunt. You need to compare what is available (types of insti
tutions, positions, and locations) with what you need and want (capabilities,
interests, and values). Only then will you be in a position to seek out-apply
for-specific jobs. Your resources (time and knowledge) are limited, your
competition is fierce(manyotherapplicants), and you haveto makeeveryoppor
tunity (application and job interview) count. By taking the time to explore first,

you will be in a position to zero in on specific optionswith a targeted effort that

increases your chancesof success. Exploring exposesyou to various institutions

and peoplewithout the risk of rejection. It allowsyou to measure, or benchmark,

yourself against certain settings and situations without expending limited

resources that you will need later for the actualjob search.

This chapteris aboutexploring and identifying the possibilities, Chapter8 is

about searching and applying for positions, and Chapter 9 is about closing the

deal and getting the results you want.

The approach we will take in Part III, as shown in Figure7-1 involves:

• Exploring (what is out there).

1. Deciding what you want; your values, interests, needs, capabilities,

and strengths in relationship to academic possibilities.
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The academic job search process.

169

2. Researching what is out there; background reading, discussions, and

visits to other schools.

3. Preparing for the search; putting (1) and (2) together.

• Searching (for specific opportunities).

4. Setting the stage; how academic positions are established, what

departments look for in new faculty, what jobs are available, and the

time frame for applications.

5. Preparing your application materials; cover letters, CVs, letters of

recommendation, and teaching portfolios.

6. Applying for positions; conferences, campus visits, and the academic

job talk.

• Finding (the position that is right for you).

7. Negotiations; principles for responding to job offers.

8. If you do not get the job you want; the Multiple-Option approach

revisited.

The biggest mistake job seekers make is to go immediately to steps (5) and

(6), while often skipping steps (1) - (4) altogether. Let us begin, then, with a look

at what you want.
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DECIDING WHAT YOU WANT

In examining your values, interests, needs, capabilities, and strengths in relation

ship to variousacademic possibilities, keep in mind that you are trying to figure

out how you want to live your life, not just how you want to manageyourcareer.

One way to address these importantmatters is to ask yourself specificquestions

about the types of institutions, types of academic positions, and types of loca

tions or settings in which you would be willing to spend the next several years.

You need to be honest in your answers to these questions, and not

deny/ignore what is truly importantto you.At the same time, you are unlikely to

get all the things you want, and therefore need to be clear about what is really

nonnegotiable (such as academic positions in the same city for a two-professor

couple) as opposed to what is merely desirable (such as teaching in your

specialtyarea versusteaching generalintroductory courses). Exploringgives you

a chance to identify your boundary conditions: what is negotiable, and what is

not worth further time and effort.

Your Type of Institution

First, consider types of institutions and departments. The vast majority of candi

dates with Ph.D.s received them from Research I and II universities, with the

remaining doing so from Doctoral I and II institutions. However, the majorityof
all Ph.D. candidatesattended, as undergraduates, smaller liberal arts colleges or
larger public universities granting bachelor's and master's, but not doctorate

degrees. In other words, some of you have had exposure to more than one kind

of institution, while others have spent all your student and postdoc time at a
research university. The varioustypesof collegesand universities werediscussed

in some detail in Chapters 1 and 2. Now, you need to ask how these types
of schools fit with your particular values, interests, needs, capabilities,

and strengths.

Alison Bridger knew her options would be limited with a major in atmospheric

sciences. She wanted to teach meteorology, and there wereonly a small number of

schools in NorthAmerica with such departments. Teaching was a priority, but she

also likeddoingresearch, although as she put it, "I knewI wasn't going to be turn

ingout a majorpaperin my field everyyear." SanJose StateUniversity (Master's I)

turned out to be the idealplace for her to achieve bothof theseobjectives.

Of course, even institutions of the same classification can vary considerably

in terms of such things as student selectivity, the emphasis placed on various

forms of scholarship, and the likelihood of obtainingtenure. Mary M. Heiberger

and Julia M. Vick, authors of The Academic Job Search Handbook [1], have

developed a list of contrasting institutional possibilities. In considering an

academic position they ask, Do you want to work for:
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• A university with a large enrollment in doctoral programs where tenure

depends on research (and increasingly, at least adequate teaching), or a

public or private institution where both teaching and research are highly

valued?

• A school with a distinctive personality, such as a strong religious affilia

tion, or one with a liberal education approach?

• An institution that caters to heavy involvement in the life of the school, or

one in which you primarily identify with the department?

• A school which is highly selective, or one which offers educational oppor

tunities to a broad section of the community?

• An institution where there are many graduate courses to teach, or one

where most of the teaching is at the undergraduate level?

• An institution with a history of involvement with industry, via co-op pro

grams for example, or one that is more "academic" in orientation?

• An institution where there are good prospects of getting tenure, or one that

is more challenging and selective?

• A department where socializing with other faculty is expected, or one

where more professional involvement is encouraged?

• A hierarchically structured department, or one that places an emphasis on

participatory decision making?

• A department in which you would be the first person of your gender,

social, or ethnic background, or one in which you feel most others are

like you?

• A department where the faculty age distribution suggests a large turnover

in the next few years, or one in which there is a more uniform distribution

of age and rank?

No single institution will have all the characteristics you desire. However,

identifying your initial preferences will give you a reference point from which to

make various tradeoffs as your exploration deepens.

Your Type of Appointment

Now, let us consider various kinds of appointments. Most of our discussion will

center on full-time, tenure-track positions at the assistant professorship level.

Such appointments are of greatest interest to most recent Ph.D.s or postdocs.

However, tenure-track positions bring with them tenure requirements and

conditions, which may not suit everyone's interests and needs. Many other kinds

of appointments exist, one of which may be more suited to your situation.

Examples include temporary, or fixed-term appointments, part-time appoint

ments, consulting appointments, and adjunct and research professorships, to
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name a few. Such appointments can provide experiences that eventually lead to

permanent positions, meet special needs and circumstances, or both.

For a variety of reasons. Bezhad Razavi wanted to teach and do research at one of

only a half dozen research universities. At the time of his graduation from Stanford,

there were no openings in his field at any of these institutions. and so he decided to

go to work for a major industrial research laboratory (AT&T Bell Laboratories). and

accept part-time teaching appointments at local universities as a way of maintaining

his "readiness" should a full-tirne positionopen up at one of the schools of interest

to him. Razavi eventually landeda tenuredassociate professorship at the University

of California, Los Angeles, in Los Angeles, CA.

In exploring various types of positions, you should ask:

• Is a tenure-track position the only appointment I would consider?

• Are there circumstances in which a full-time temporary appointment
(three years, for example) would make sense?

• If I mainly want to teach. would a part-time appointment satisfy my

interests and needs?

• If I am waiting for my spouse to finish his/her education. or if the right

tenure-track position is not yet available, is a part-time or temporary

appointment appropriate in the interim?

• Must the appointment be in the same department as that from which I

earned my degree or might it be in a related department?

Your Setting

Location and setting are certainly considerations for most job seekers, but

particularly so for tomorrow's professors. As noted in Chapter I, there is often at
bestone or two academic institutions of a given type in any townor city.Because

of the way academiaworks, professors do not move from school to school in the

same way scientists and engineers often do in industry. Many faculty positions

end up being decades-long or even life-long appointments, and for this reason,

location and setting take on added importance.

In exploring various locations, you will obviously consider the physical and

cultural environment. Persona] preferences and family considerations may also

play a part. In addition, you should look at the relationship between the institu

tions you are considering and other local colleges and universities, industrial

companies, and national laboratories, particularly if these entities are ones with

which you will want to interact.

Norm Whitley, a professor of mechanical engineering at the University of New

Orleans in New Orleans, LA, liked the idea of living in the South, and not too

far from his wife's family in Oklahoma. He was also looking for a school where

teachingand research were given about equal weight. In addition, he wanted to live
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in a city largeenough to provide opportunities for his wife's social work specialty.

In this case, New Orleansfit the bill.

For Mark Hopkins, a professor of electrical engineering at Rochester Institute of

Technology (R.I.T.) in Rochester, NY, beingclose to certainkindsof industries was

very important. He had had little industrial experience prior to obtaininghis Ph.D.,

and he wanted to be at a school where he could spend some of his time doing

research at a nearby company. R.I.T. provided such an opportunity with a program

that allowed him to teach at R.I.T. while also doing research at the Xerox Wilson

Center for Research and Technology in nearby Webster, NY.

Of course, all of the above may take a back seat when it comes down to two

professors who just want to be together.

For Noel and Kirk Schulz, anything would have been an improvement over their

arrangement of the last few years, in which Noel was a Ph.D. student in electrical

engineering at the University of Minnesota in Twin Cities, MN, and Kirk was a

professor in chemical engineering at the University of NorthDakotain GrandForks,

ND,some325 milesaway. When,upongraduation, Noel was not offereda position

at the University of North Dakota, she and Kirk set out to find the right school that

wouldwelcome bothof them. Michigan Technological University in Houghton, MI,

with its balanced emphasis on teaching and research, turnedout to meet their needs.

RESEARCHING WHAT IS OUT THERE

Now that you have a better idea of what you want, you can move on to learning

more about what actually exists. You have already begun to do so through your

reading of this book, informal discussions with faculty from other institutions,

and in some cases, visits to other colleges and universities. Your efforts must now

become more focused and purposeful, but remember, you are still exploring.

Searching for specific positions will come soon enough.

There are three approaches to take in your explorations of other institutions.

The first is background reading, the second is discussions with students and

faculty familiar with these institutions, and the third is occasional visits to other

colleges and universities.

Background Reading

Just as would-be travelers can learn important things about a distant place

through books and travel references, you can learn much about specific academ

ic institutions from resource guides, directories, college catalogs, and the Internet

pages. Your library and bookstore have dozens of guidebooks that give brief

summaries about various colleges and universities. Many of these are written
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primarily for students, but they can also be a source of information for prospec

tive faculty. The best general guides to graduate programs are the three

Peterson's graduate programs guides in biological and agricultural sciences [2],

physical sciences and mathematics [3], and engineering and applied sciences [4].

Many professional societies have directories and other publications describ

ing programs in their respective fields. Examples include the annual American

Society of Engineering Education (ASSE) Engineering Graduate Studies and

Research Directory [5], and the Graduate Student Packet, producedjointly by the

AmericanPhysicalSociety (APS) and the AmericanInstituteof Physics (AlP) [6].

College catalogs are a source of important information about specific

courses, background on faculty, characteristics of the student body, and institu

tional structure. The Chronicle ofHigher Education (CHE) is a weekly periodical

covering all aspects of higher education. It also includes an extensive classified

section. It is well worth the $75 annual subscription fee, but if this is too steep,

you can always find it in your library. You should get in the habit of perusing

recent copies; it is a great way to keep up with what is going on in academia. The

CHE also produces an almanac in September of each year, summarizing annual

data on students, faculty, and resources for all of higher education. The almanac

is an excellent resource for all present and future professors.

"Surfing the Net" is also a good way to explore other institutions, their

programs, and faculty. You will want to use these resources later when you are

zeroing in on specific institutions (searching), but for now, use them as an inter

esting way to explore. A good guide for exploring on the Internet is Using the

Internet in your Research-An Easy Guide to Online Job Seeking and

Information [7]. The URL (Uniform Resource Locator) addresses for the seven

sample schools introduced in Chapter 1 are as follows:

Bucknell University

Memorial Universityof Newfoundland

Rochester Institute of Technology

San Jose State University

Stanford University

Universityof Michigan

Universityof New Orleans

Talking to Others

http://www.bucknell.edu/

http://www.mun.cal

http://www.rit.edu/

http://www.amalthea.sjsu.edu/

http://www.stanford.edu/

http://www.umich.edu/

http://www.uno.edu/

Reading, of course, can do just so much. You also need to talk with those who

have direct experience at other institutions.As noted in Chapter 4, it is important

to initiate contacts with such people early on, and not just in the last year of your

graduate study or postdoc. By now, you should have a database of contacts that

include:
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• Formerstudents and postdocs currently working in academia

• Facultyat your current institution, especially your advisor

• Facultyyou met through seminars and other visits to your institution

• Faculty at other institutions with whom you have corresponded about

your research

• Facultyyou met at conferences and other professional meetings

• Industry andgovernment contactswhomayhaveconnections to academia.

Now is the time to draw on your network for information about different

institutions, while at the same time letting them know of your interests in an

academic position. Do so throughpersonal contact,not through massmailings to

everyone on your list.Telephone calls or personal appointments are best, but you

may want to start with electronic or hard copy maiL Be sure to personalize your

communication. Make references to your past interactions, and say that you

will followup with a telephone call. Do not send other information such as your

curriculum vitae via electronic mail; it is both irritating and presumptuous.

Call first, then followup in the appropriate way with additional information if

requested. Remember, you are seeking information, not applying for positions.

Visiting Other Institutions

Undoubtedly, your travel budget is quite limited, so you cannot fly off and visit

lots of other schools. However, you can do more in this regard than you might

think if you look for leveraging opportunities. Start by contacting the people

you know at institutions in your area. Even if these institutions are not among

those to whichyou are likely to apply, just visiting anothercampuswill give you
a different perspective. Of course,someof theseschoolsmightwell represent the
types of institutions to which you will want to apply.

You can also take advantage of trips made to cities or towns for other
purposes. Vacations, visits to family and friends, attendance at conferences, and
industrial sites all provide opportunities to spend an extra day or two at a local
collegeor university. Contactpeopleyou know at these places(as far in advance
as possible), tell them you are going to be in the area, and ask if you can stop by

for a chat. Assurethem that you are simply trying to learn more about their type

of institution, rather than asking to be considered for a specific position.

In Chapter 4, we talked about questions to ask and observations to make

with respect to your current institution. It is a relatively simple matter to now

do the same with the institutions you are visiting. Russ Hall, senior acquisitions

editor for Prentice-Hall, has, by his own estimate,visitedover 300 institutions of

highereducation in NorthAmerica. Hall looks at such visits in the same way as

he looks at visits to someone's house. "Every house has a story to tell about the

people who live there," he says. "Youjust have to look for it in the right way."
The size of faculty officesand the physical proximity of departments and build-
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ings to each other is one useful piece of information. "You can also tell a

lot about the 'haves' and 'have nots' on campusjust by lookingat the buildings,"

he notes.

Otherthingsto look for include: Howrushedare the professors and students?

Do people in other departments, or even the same department for that matter,

know each other? Are there social events that bring people together within and

acrossdepartments, or do most peoplefunction independently and in relativeiso

lation?Answers to thesequestions can tell you a lot about a particular institution

and department, including the direction in which it might be heading.

The skills you have acquired in obtaining your Ph.D., such as an ability to

learn quickly, observe carefully, and generalize in many situations, are just the

ones to apply in your explorations of other institutions.

PREPARING FOR THE SEARCH

Your purpose in exploring is to discover new possibilities, some of which you

might not have considered before. By comparing what you have learned about

your interests, values,and needs with the typesof institutions that exist, you can

now focus on a plan of researching and applying to specific schools that have

what you want.

It is a bit like the 20-question game we all played as youngsters. When I
played this game with my son, we only used ten questions, the limit of both of
our attentionspans. I wouldtell him I was thinkingof an object in the house,and

he could ask me up to ten "yes/no" questions that might lead him to it. In the

beginning, he had no strategy at all. He just started guessing. Once in a while,

he would guess right, but most of the time, he would use up all ten questions

without getting to the object. As time went on, however, he began to develop a

crude strategy. He would ask if the object was upstairs, and would be happy if I

said "yes" and unhappy if I said "no," not realizing he had the same amount of

information in both cases. Eventually, he got to the point where he would ask

about attributes, Le., "Is it touching the floor?," "Is it made out of wood?," and

"Is it alive?" This approach wouldusuallyget him into the right room, knowing

a lot about the characteristics of the object. Hecould then use his last two or three

questions to try, often successfully, to identify it.

The purpose of your exploring is to use the information you have gathered

to both eliminatepossibilities like research universities and the northeastern part

of the UnitedStates,for example,as well as to identifypossibilities, for instance,
master's and baccalaureate institutions in the western UnitedStates and Canada.

Once you havean idea of whatyou want in an academic position, as well as what

may actually be available, you can bring this information together in a plan that

can lead to desiredjob offers.
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How to formulate such a plan is the subject of Chapter 8. If you do the

exploring outlinedin this chapter, plus the suggestions for applyingfor positions

described in the next,you will have a goodchanceof obtainingat least one good

academic job offer. Yet, in spite of your best efforts, and perhaps for reasons
beyond your control, it is also possible that you will not be successful in your

first attempt at finding the desired position. Therefore, you need to have a plan

in place that allowsyou to continueon while reviewing the situationand decid

ing if you want to apply again at a later date.

In Chapters 4-6, we employed a three-pronged preparation strategy,

one component of which is the Multiple-Option approach where you prepare

simultaneously for careers in academia, government, and industry. There were

two reasons for this approach:

1. In the highly competitive and uncertain Ph.D. market, it makes sense to

pursuemore than one kind of possibility.

2. Connections madewithindustry will rebound to yourbenefit,even if you

end up accepting an academic offer.

As you begin your academic job search, you need to decide if you want to

also applyfor nonacademic positions in government and industry. You shoulddo

so only if you feel some genuineenthusiasm for such opportunities. These posi

tionsdo not have to be yourfirst choice,and indeedtheycan be a temporary one.

However, just as with academic positions, a lack of interest will be detected

quickly, and thusyourchancesof success willnot be high.The contactsyou have

made and the relationships you have established should now be part of a data
base that you can tap into for industrial and government possibilities. We will

discuss this approach in greaterdetail in Chapters 8 and 9.

From Industry to Academia

Not all paths to an academic career go through a Ph.Di.or occur right

after graduation or a postdoc. The following vignette describes a return to

academia after a number ofyears as an engineer in industry.

Joseph Reichenberger
Loyola Marymount University

Themost common entry intoacademia is through thedoctorate degree,
either right aftergraduation or aftera few years as a postdoc. Yet, this is not
theonly option. Increasingly, a number of engineers andscientists who have
worked in industry for many years are thinking about returning to academia
as professors. The reasons for wanting to make such a return, the ease with



178 Part III Finding and Getting the Best Possible Position

which it can be done, and the benefits to the faculty memberand the insti
tution are often quite different from what they are for those who become
professors right after graduate school or a periodas a postdoc.

After a successful 3D-year career in industry, and at age 51, Joseph
Reichenberger became a full-time, tenure-track associate professor of civil
engineering and environmental science at Loyola Marymount University
(L.M.U.) in LosAngeles, CA.After receiving his B.S.degree in civil engi
neering in 1964from Marquette University, Reichenberger spent time with
the LosAngeles CountyFloodControlDistrictwhile working part time on
his M.S. degree in the same field at the University of Southern California,
earning the degree in 1967. Between 1967 and 1979, he worked for a large
architectural andengineering firm(Daniel, Mann, Johnson &Mendenhall) in
LosAngeles, CA. In 1979, Reichenberger joined Engineering-Science, Inc.,
a large international environmental engineering firm, headquartered in
Pasadena, CA,eventually rising to vice president andwestern regional manager.

During his time in industry, Reichenberger did something that not only
made it easier for him to decide to pursue an academic career, but it also
impacted his abilityto acquire a full-time academic position in competition
with younger candidates with doctorate degrees. For most of the last 30
years, he has taughtcollegecoursespart time at such schools as California
State University, Los Angeles, the University of Southern California, and
LoyolaMarymount University. Says Reichenberger:

Cal State L.A. was looking for someone to teach hydraulic engineering part

time, and I decided to give it a try. I found I liked it, and ended up doing the

same thing part time at USC.One thing led to another. DonAnderson, who was

chairmanof the Civil Engineering Departmentat L.M.U. in the early 80s, was

also a consultant at Engineering-Science, where I was working full time. The

latter relationship led to an offer to teach part time at L.M.U. in 1981,eventu

ally reaching the rank of adjunct professorof civil engineering.

Nevertheless, teaching part time at L.M.U. for 12 years did not make
Reichenberger an automatic shoe-in for a full-time position when one

openedup in 1993.

The University had to advertise the position nationwideand I had to compete

like everyone else. Not having a Ph.D. was also a concern to me and to the

school. I had to develop a class lecture outline, trial teach a senior level class,

and answer very toughquestionson my feet from students. I had a fairly inten

sive interviewwith the dean of the college and the academic vice president.

When I began in this business years ago, I wasn't the world's greatest public

speaker,and I had to work on it. Teachingpart time helped, particularlywhen

studentswould ask me off-the-wall questions.But what really made the differ

ence was my extensiveexperienceworkingfor a companywhere I had to make

very competitivesales presentations to a wide varietyof clients with extensive
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question-and-answer sessions. I developed a knack for restating questions,

while at the same time mentally forming the answers, and this technique has

helpedme a greatdeal.

Why, at age 51,did Reichenberger decideto leavea high-paying indus
try career for a full-time academic position in whichhe would still have to
earn tenure?

I wasat a pointwhereI was reallythinking about whatI wanted to do with my

life. My kids were grown, and my wife had a successful career of her own. I

had plentyof offers to help startupand run officesat various engineering com

panies, but I didn't want to do that. I was makinga good salary as a regional

manager, but I was burnedout. I was tired of all the personnel issues,business

plans,and negotiations. What I really likedwas working with the youngerstaff

in a mentoring role, but I didn't have time to do this as a vice president and

regional manager.

However, for a numberof reasons, Reichenberger wanted very much
to keep his consulting role with Engineering-Science, Inc. His nine-month
salary at L.M.V. was about 50% of his 12-month full-time salary at
Engineering-Science. But L.M.V. liked having its faculty spend some time
interacting with industry, and its faculty policy specifically allows for out
side consulting on a one day a week basis. Such consulting, and related
opportunities during the summer, meant that Reichenberger's annual
income wouldnotbe thatdifferent from what it was prior to joining L.M.V.

There were other reasons why Reichenberger wanted to continuewith
some outside consulting. As he points out, such outside activity is often
based on a desire to:

• Improve one's professional expertise

• Stay active in the profession and apply "textbook" techniques to
solvingreal-life problems

• Contribute something back to the profession

• Keep busy because reduced family commitments during midlife
years maketime available.

Reichenberger believes that L.M.U. clearly benefits from such an

arrangement. Through these experiences, faculty are often better able to
carry out university obligations such as securing outside assistance to fund
or stage a university function, writingproposals to securegrants, and help
ing with curriculum and restructuring.

However, the real winners, according to Reichenberger, are the stu
dents who benefit through 'the bringing of the real world of the practicing
engineer into the classroom to deal with current engineering issues and
problems, the career guidance such professors can give students, and
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the bringing in of outside speakers and expertise on projects and topics of
interest to students.

What are the biggest surprises Reichenberger found on returning to
academia?

The biggestshock was the time requiredon campus. I may haveclasses two or

three days a week. some of which don't start until II a.m., but that doesn't

mean I'm not here much of the rest of the time. Lots of students stop by for

advising, there are seniors looking for career counseling, there is laboratory

time, and this year I'm developing two new classes in areas that I have not

taught in before.

Of course,thereare the regularadministrative duties,although in mycase, they

don't appearto be too excessive. My writingskillsare prettygood, and so I get

called on to help draft department policy statements and proposals, but I don't

really mind this.

Reichenberger says he has no regrets about making the switch to
academia and thinks the rewards far exceed the costs.

SUMMARY

This chapter began by explaining why, in seeking an academic POSItion, it

is essential for you to explore before you search. You need to compare what is

available (types of institutions, positions, and locations) with what you need and

want (capabilities, interests, and values). Only then will you be in a position to

search-apply for specific jobs. We began by looking at how to decide what you

want by examining the types of institutions,appointments, and settings of great

est interest to you. Ways of researching what is out there, including background

readings, talking to various people, and visitingother institutions,were discussed

next. Wethen looked at the specifics needed to prepare for the job search process

that will be discussed in the next chapter. The chapter concluded with a vignette

describing a career path to academia taken after a numberof years as an engineer

in industry.
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CHAPTER 8

Applyin9 for Positions

We typically get 300-400 applications for every opening. The main reason

is that everyone is applying for everything. Only about 10% of the applications

are even in the ballpark, although that's still a large number for us. The key is

persistence and an ability to convince us thatyouwill bea good match with what

we need.

Kody Varahramyan, Professorof ElectricalEngineering

Louisiana Tech University

Myexperience is that it is far betterto apply to fewer schools well, tailoring your

application to each school, than to blindly apply to a whole bunch of schools. In
most places, searchcommittees are looking fora fit with other faculty members in
the department, notan overlap, but not too far out either.

Pam Stacks, Professorof Chemistry

San Jose State University

The above statements signal the way to increasing your chances of getting an

academic position that is rightfor you. Because so many people are applying for

so many positions, most are bound to do a poor job at most of the places they

apply, and as a result, are almost certainly going to be rejected. It is no accident

that those who apply to 60 or 70 places often get turned down by all of them.

They cannot possibly be a match for that many different positions, and their

applications show it. Herein lies the key to increasing your prospects. You have

to identify a manageable number of openings consistent with the results of your
explorations in the previous chapter, and thendo an outstanding job of applying
to each of them.
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Career counselors often talk about the rifle, the shotgun, and the splatter

approaches to applying for jobs. In the splatter approach, you basically throw

the same things, your cover letter and curriculum vitae, at every place you can

imagine, and see if they stick anywhere. Those who follow this approach tend to

believetheywill rewarded for sheervolumeof effort. Forevery 100applications,

they will get five interviews, and for every five interviews, they will get onejob

offer. Well, forget it! In the so-called "good old days," it may have been possible

to send out dozens of the same applications to any and every institution, and in

effect count on the search committees at these schools to identify a match. No

more. Now you have to take a proactive approach, and help point out the match

you think is there as a result of your background investigations.

In the shotgun approach, you are somewhat more focused, sending a man

ageable number of applications to schools with which you believe you have

some affinity. Your cover letters are tailored to at least some degree to each

school, and perhaps youhavetwoor three versions of yourcurriculum vitaefrom

which you can choose for each application. The problem with this approach is

that you still have to compete with the applicants for whomeach schoolto which

you are applying is their rifle shot.

Rifle shots are, of course, the most focused of applications. You have

researched the school and department to the point where you really believe that

you are the right candidate for the job, and your cover letter, curriculum vitae,

letters of recommendation, and calls from your advisor show that this is the
case. The only drawback to such an approach is that it takes considerable time

and effort.
Mostexpertsrecommend the rifle approach exclusively, whereas I suggesta

rifle approach, and if time permits, a limited shotgun effort. Simply forget the
splatterapproach; it willonly drainyourenergies and depressyou in the process.

Your majoreffortshouldgo into identifying up to a dozenschoolsfor which
you are prepared to do the background research to enable you to presentpower

ful, targeted applications. Beyondthat, as timepermits, identify anotherdozenor

so schools that fit within the general boundaries of your explorations. Then take

the time to prepare a letter and curriculum vitae having at least a reasonable

chance of getting the attention of the search committee. Your main time and

energy must go into the schools for which you have reason to believe there is a

very strong match.

This chapter is a nuts-and-bolts presentation about looking for academic

positions. Weset the stageby discussing how new positions areestablished, what

departments want in a new faculty member, how to find out what is available in
your field, and the typical time frame for filling academic positions. Preparing

application materials such as cover letters, curriculum vitae, and letters of
recommendation are then explored. Screening interviews at conferences are

lookedat next.Considerable detail is devotedto a discussion of the campusvisit,

and in particular, the all-important academic job talk that can makeor breakyour
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chances of being offered an academic position. The possibility of applying for

positions in government and industry is then examined by revisiting the

Multiple-Option approach. The chapter concludes with a vignette discussing

the impact of increasing job competition on the goals of affirmative action,

and the quest for diversity among faculty on college and university campuses.

SEnlNG THE STAGE

In the last year of my graduate studies, I applied to a number of universities for

entry-level assistant professorships. The Physics Department at one school told

me in advance that it was not absolutely certain a position was available. Two

days after my campus visit, the person who conveyedthis informationto me sud

denly died. On hearing the news, my advisor remarked, somewhat insensitively

I thought, "Now you know there's an opening!" Well, not exactly. The position

freed up by the demise of my host went to the Chemistry Department!

How New Positions are Established

New faculty slots, or billets, are among the most prized resources in all of acad

emia. As I found out, they are by no means entitlements.Billets for tenure-track

appointments that can last a lifetime are dispensed with the utmost care. They

can determinethe direction and characterof a department,school, and institution

for years to come.

A common,but by no means universal,approach is one in which new billets

are determinedby the vice presidentfor academicaffairsor the provost who then
allocates a certain number to various schools, i.e., engineering, science, human

ities, and law. In principle, if a faculty member retires from the Mechanical

EngineeringDepartmentin the School of Engineering, that billet could be taken

away from the School of Engineeringand granted to the EconomicsDepartment

in the School of Humanities. However, such reallocations across schools are

quite rare.

More likely is the possibility that a dean will try and use billets to direct the

teaching and research mission of the school. He or she may decide that an area

such as water resources in the Civil Engineering Department, from which a

faculty memberjust retired, should be deemphasizedin favor of the expansionof

an area such as telecommunications in the Electrical Engineering Department.

However, my case not withstanding, such reallocations across departments are

also not the norm.

While billets tend to stay in departments, they certainly do not have to stay

in particular fields. It is not at all uncommon for, say, a Biology Department to

lose a populationbiologist,and have him or her replacedby a geneticist. In most

cases, the departmentdecides which area to fill after considerablediscussionand
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then a vote of each faculty member. Yet, in some cases, particularly where there

are department heads as opposed to department chairs, the former can wield

considerable decision-making power and overrule a faculty recommendation.

Given the rangeof possibilities outlinedabove,you need to look for ways to

find out how things are done in the departments to which you are applying.

WhatDepartments Look for in New Faculty

Once a department obtains a billet, its primarygoal is to find someone who can

teach certain classes. This need is what really drives new positions, even at

research universities. The process of assigning faculty to classes is one of the

most importantresponsibilities of a department chair, and finding someone who

is flexible in terms of the type and level of courses they can teach can be quite

an advantage.

The degreeof flexibility requiredis often a function of the size of the depart

ment. Large departments can afford to have someone who is more specialized

than can smaller departments. Kirk Schulz, of the Chemical Engineering

Department at Michigan Technical University, puts it this way:

Faculty from large top-notch research institutions often arrive expecting to teach

only in their area of expertise. The reality is that in a department of five or six

faculty with both an undergraduate and graduate program, they may have to teach a

course significantly out of their discipline.

Whilemost advertisements for new positions specifya particularresearchor

subjectmatterarea, others wil11ist two or three possibleareas.Still others can be

quite general, i.e., organic chemistry, which has many different subdisciplines.

Departments will rarelyhire someonebecauseof their specificdissertation topic,

but rather because of what such a topic says about their ability to do further

scholarship in a particulararea.

Finding the right fit is critically important to a department, although "fit"

can mean different things to different departments. Most departments are look

ing for the following:

• Overall promise

• General teachingability

• Ability to teach courses in need of staffing

• Ability to do research/scholarship in specific areas, a specific research

orientation

• Compatibility with department and institution

• Potential for securingexternal research funding.
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The above list is not necessarily in order of priority. What is most important

depends on the nature of the department and the institution.

As an example, consider high-energy physics. Virtually all schools have

Physics Departments, but very few of these departments are involved in high

energy physics research. One reason is that much of this research is actually done

at national laboratories away from the main campuses. Not many schools can

support extended absences of faculty who need to be off-site to carry out their

research. Even with excellent research and teaching credentials, most Physics

Departments, including those at Research I universities, just do not have oppor

tunities for high-energy physicists.

Even schools that do have high-energy physics programs will not be look

ing for just any kind of high-energy physicist. As noted in Chapter 5, the step

from high-energy physics graduate student to high-energy postdoc is a big one.

As a postdoc you are expected to write proposals, supervise a research project

and associated graduate students, review colleagues' papers, and in various ways

contribute to the research around you. The step from high-energy physics

postdoc to high-energy physics faculty member is an even bigger one, and even

fewer make it. In addition to evidence of teaching and research capabilities, the

department will want to see potential for leadership, an ability to direct a high

energy research program, organizational and managerial skills, and a facility for

raising funds.

Now, consider theoretical physics. Here, the size of the typical research

group and the infrastructure demands are much smaller than for high-energy

physics; thus, the requirements may also be less stringent. Many departments,

including those at Master's and Baccalaureate schools, will want a theoretical

physicist who can teach a variety of courses, will not travel a great deal (as do

high-energy physicists), and can conduct research with a much lower overhead.

The point of the above examples is that you need to find out what depart

ments really want. While determining departmental needs is not as difficult as

you might first imagine (see "The Application Process" section), it is also true

that departments do not always know exactly what they are looking for. As

Candice Yano, a professor of operations and industrial engineering who has

served on search committees at both the University of Michigan and

the University of California, Berkeley, notes, "Sometimes several areas are

considered in a search, and the faculty fight it out after they interview a number

of candidates. In such cases, it is particularly important that you know something

about the faculty who are going to interview you." It should be possible to obtain

the names of most of these faculty from the chairman of the search committee.

You can then "check them out" by examining their home pages on the World

Wide Web.

In almost all cases, you can be sure departments are asking, "Can this per

son come here, go through the evaluation process, and get tenure in six or seven

years?" Some departments are looking for a new extreme point in terms of teach-
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ing and other forms of scholarship. Others are looking for more of an overlap. In

either case, getting along and being flexible is important. All departments want to

know that you are the kind of person who will pull your weight across the board.

In small departments where resources are limited, this is absolutely critical.

Finding Out What is Available

It used to be that there were two kinds of academic positions: those advertised in

journals and bulletins, and those known to only a few selected faculty on private

informal networks. Now, however, all public institutions are required by law to

advertise their openings, and most private schools do so as well. This advertising

requirement is one, although not the only, reason that there are so many applica

tions for a given position. The existence of that position is much more widely

known than it would have been a decade ago.

Although virtually all positions are advertised, just when such advertise

ments appear can vary widely. Some departments know they are likely to have a

position months in advance of their placing an advertisement. They will often

proactively seek candidates through an informal network prior to putting

the word out officially. Hearing about an opening from an advisor or other con

tact can give you valuable extra time to evaluate the situation and prepare your

application material. As my own case illustrated, some schools will advertise a

position even if they are not certain it will be available, often going as far as an

on-campus interview before knowing if they have an opening. Also, some

departments do not know until very late in the academic cycle that a position has

materialized. While they are still required to advertise the opening, they may not

do so extensively because of time limitations. Being plugged into a network

where such information is available can make a real difference.

In some fields, such as chemical engineering, where there are only a dozen

or so openings a year and a relatively small applicant pool, word of a position

spreads quickly within the graduate student and postdoc community. In fields

such as biology and electrical engineering, where both the number of openings

and the pool of applicants are much larger, a variety of approaches must be used

to identify opportunities.

Most associations publish employment bulletins several times per year in

which the great majority of available positions in the field will be listed. In other

fields, positions are listed in widely read publications, such as Science, The

Scientists (life science and medical positions), and Genetic Engineering News.

Appendix C, "Professional Associations for Academic Job Seekers in Science

and Engineering," lists selected professional associations publishing employ

ment notices in their journals or separate employment bulletins.

Search committees, department chairs, department administrators, and

university personnel departments often send job announcements to other univer

sities to try to reach candidates. Individual faculty members, affirmative action

officers, graduate deans, and career planning and placement centers receive these
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notices and make them available in various ways. It is important for you to be

proactive about searching for such announcements, talking to individual faculty,

and availing yourself of career center resources.

When it comes to finding out about academic openings, however, nothing

beats the Internet, and in particular, the World Wide Web. While many

publications continue to produce hard-copy versions of their magazines and

journals (and even this is beginning to change), most are now putting their job

announcements on the Internet. The advantages of such a system are obvious:

announcements can be updated weekly or even daily, and you can search quickly

on a variety of criteria.

There are now dozens of places on the Internet to look for faculty positions

in science and engineering, with many more being added all the time. As free

lance writer Robert Finn notes [1, p.22]:

Nearly every major university posts job openings on its gopher server-a system

that uses menus to point to various resources. Many scientific societies post open

ings, as well. Online job ads can be found on Usenet newsgroups, mailing lists,

World Wide Web "home pages," and electronic classified sections, not to mention

commercial and noncommercial employment services.

An excellent resource for figuring out where to search on the Internet is

"Employment Opportunities and Job Resources on the Internet," which contains

an annotated list of Usenet groups, telnet services, gopher servers, mailing lists,

and Web resources. It is available from the Worcester Polytechnic Institute, 100

Institute Road, Worcester, MA 01609-2280 (http://www.wpi.edu). Another clear

inghouse for academic jobs in the United States and Canada can be found at

(http://volvo.gslis.utexas.edu/-acadres/geographic.html).

Probably the single best source of electronic information for academic

positions can be found on "Academe This Week," the electronic version of the

Chronicle ofHigher Education sclassified section. The World Wide Web address

is (http://chronicle.merit.edu).This service now gets about 40,000 visits a day,

and key word searches pull up 350,000 "hits"-each week [1, p.23]. With that

kind of activity, you cannot afford not to be using such a resource.

It is clear that the Internet is a powerful way to find out about jobs. However,

it is not necessarily the way to apply for jobs. It may be tempting to knock out a

quick cover letter, couple it with your electronic CV, hit the reply button, and

send it on its way. But be careful. Quick responses will often only get you quick

rejections. You need to take the time for a thoughtful reply just as you would if

there were no Internet. Important decisions are being made by search committees

who are not simply going to reward the person with the fastest fingers.

You also want to be careful about putting your resume on the Internet. Once

it is out there, you lose control over it. Even if you do not care that everyone

knows you are applying for positions, you may not be able to retrieve your

resume and tailor it to specific situations.
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Drawing on Your Network

The old adage that it is not just what you know, but who you know has never

applied more than to the seekingof positions in industry, government, or acade

mia.Certainly, your hard work,accomplishments, and "academicblood line" are

the foundations of your candidacy, but if the right people do not know about

these things, then they will not matter much when you are lookingfor a job.

That you should make sure this is the case is one of the tenants of the

Multiple-OptionlNext-Stage strategy outlined in Part II. The expected outcome

of this strategy is that by now, you will have gotten to know a set of people in

industry, government, and academiawho are anticipating the completion of your

Ph.D. or postdoc and your subsequent availability for an academic or indus

try/government position.

Through your interactions with industry, attendance at professional meet

ings' joint publications, multidisciplinary collaborations, and correspondence

with alumni, you should have developed a network of people around North

America, even the world, who you can now draw on for further help. These are

the people who, in addition to your advisor, can make telephone calls or send

e-mail on your behalf to contacts they may know at schools to which you

want to apply. Now is the time to call on them for the advice, information, and

assistance you need.

The Time Frame for Academic Positions

While some academic positions remain open until filled, most assistant profes

sorships start in the fall with the beginning of the academic year. (See Fig. 8-1.)

It is during the prior 12 months that the seriousjob search activity takes place.

Here is a checklist, developed by Kelly Johansen-Trottier [2], formerly of the

StanfordUniversity Career Planning and Placement Center, of thingsyou should

be doing during this time. Exactly what you do, and when you do it, will depend

on your particularcircumstances, but this guideline is a helpfulway to make sure

you are not leavinganythingout.

Earlyfall (August - October)

• Work on a draft of your curriculum vitae (CV) and a basic letter of appli

cation, and receive feedback from other studentsand faculty.

• Consider who you will ask to write you letters of reference, and contact

them if they are at other institutions.

• Obtainan employment file packetfrom the careercenterat your institution

or set up a reference file in your department if they provide this service.

• Producea finalcopy of yourCV and a generalletterof application thatcan

be easily tailored to specificpositions.
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The time frame for academic positions.

The Academic Year

I II III IV

Early FaU Late Fall Midyear Late Wllter-Summer
August -Odober September -De<ember November -February March -August

•Develop CV •Talk to your advisor •Continue to apply •Continue to apply for pos"ions
•Obtain letters of •Attend conferences for positions •Consider interests and needs

reference •Apply for positions •Prodice interviews •Consider negotiation strategies
•Obtain employment •Prepare iob talk •Consider Muhiple-Option

packet approoth

Latefall (September - December)

• Talkto your advisorand other faculty about lettersof recommendation or

have previous letters updated. Provide references with your CV, teaching

portfolio, and abstracts of your research. Discuss with them the types of

academic positions that interest you.

• Attend conferences in your field that are publicized through your academ
ic department.

• Apply for positions usinglistings available in yourdepartment, journals in
your field, on the World Wide Web, through the Chronicle of Higher

Education, and any other sources including word of mouth.

During Midyear (November - February)

• Continue to apply for positions.

• Practice interviews with other graduate students and faculty.

• Prepare andpractice yourjob talk. Have others critique you, and if possible,

arrange to have at least one practice run videotaped.

Late winter- summer (March - August)

• Continue to apply for positions. Tenure-track and one-year positions con

tinue to be announced during this time periodfor the upcoming academic
year.

• Seriously consider your interests and needswhen weighing any offers.
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• Take the necessary time to weigh the pros and cons of any offer.

• Discuss negotiation strategies with your advisoror recently appointed fac
ulty in your field.

• If you havenot yet founda position, do not despair; discuss strategies with

your advisorand recently appointed faculty. (See Chapter9.) [3]

PREPARING YOUR APPLICATION MATERIALS

The Cover Letter

Mostof the cover letters we get are just terrible. They bear no relationship to what

goes on in our department or school. You can tell they are word-processed form

letters. In almostno time, we can rejecthalf of our applicant pooljust by looking at

theircover letters. On the otherhand,an excellent cover lettermaymakeus consid

er someone who was not exactly in the research area we wereseeking.

Susan Lord, Assistant Professor, ElectricalEngineering Department

Bucknell University, Lewisburg, PA

The cover letter is the most important thing in your application. I wrote the best

cover letterever, and it got me the interview. I took the time to tailor it perfectly to

the school and department. This took a lot of research, but it paid off.

Emily Allen, Assistant Professor, Materials Engineering Department

San Jose State University, San Jose, CA

In a sense, the first quote is the good news; the second, the bad news. Most
applicants for a given position will write poor cover letters. But you can also be
sure that at least some applicants for a given position will write excellentcover
letters. To be in the latter category, you have to take the time to do the job right.

The mainthingto remember aboutcover lettersis that theyare the first thing

the searchcommittee sees. If the committee receives hundreds of applications, it

will probably divide them up so that one, or at most two, committee members

will lookat yourapplication the first time around. Theseprofessors, whoyou are

not likely to know, can determine if you are in the pool of the 15-20 applicants

who will be moved to the next stage, or if you are out of the running. Based on

your cover letter, you want the search committee to look forward to examining

the rest of your application material.

To be in the running, you must take the time to find out enough about the
schoolto whichyouare applying to showtheconnection between whatyou have

to sellandwhattheschool wants to buy. Pointing out thisconnection in a one-page

letter is no easy task, but everything you do by way of preparation will be help

ful if you are then asked to visit the campus for an interview.
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Here, according to Johansen-Trottier [3, p.4], are the key points to keep in

mind in writing your cover letter:

• Always address each letter to a specific individual, and be sure to use the
correct title. (If the advertisement says only "Chairman, SearchCommit

tee," try callingthe schoolfor the nameof the chairperson.)

• Ideally, the cover letter shouldbe one page.

• Individually tailor and address the letters. (Moreon this below.)

• Contentis more important than style, but how you write, as well as what

you say, is important.

• Use simple, direct language.

First Paragraph

• Explain how you heard about the position ("Your announcement in... ,"

At the suggestion of... ").

• Explain who you are ("I am completing my Ph.D. in... "),

• Indicate why you are interested in the position/department ("I am espe

cially interested in this position becauseof... "),

Middle Paragraph(s)

• The second paragraph often provides an overview of your research.

• Subsequent paragraphs highlight your achievements and qualifications,
especially those thatmakeyouthe rightperson for the position. You wantto
connect items in yourbackground withthespecific needs of thedepartment.

• At smaller colleges or universities, try to point out your interests in the
institution as well as thedepartment. At largercolleges or universities, you
can concentrate moreon your interests in the department.

• You should discuss what you actually accomplished with respect to
published articles or research work before describing future activities

or interests.

Final Paragraph

• Indicate whatyou are enclosing along with the letter, suchas your vita and

teaching portfolio. Offerto provide extramaterials or additional information.

• Thank the committee for its consideration, and indicate that you look
forward to meeting with them in the near future.
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It is particularly important that your letter be error free. Search committees

seeplenty of lettersthatare not.The readers willassume thatyouhadall the time

you needed to put the letter together, and so are likelyto be unforgiving of typo

graphical and spelling errors. Have it proofread by at leastone other person. An

example of a job announcement and the resulting cover letter that helped get the

applicant to the next stage is shownin Figure8-2a and 8-2b.

(Announcing) University Announcement of Position Availability

FACULTY POSITIONS IN MATERIALS ENGINEERING

POSITION:

One tenure track, faculty positionin either of the areas: (1) MaterialsAnalysisor (2)
StructurelProperties Processing Relationship in Electronic Materials.

RANK:

The department prefersmakingappointments at the assistant/associate professorlevels,
but in exceptional cases will considerappointments with the rank of professor.

QUALIFICATIONS:

The candidate mustholdan appropriate Engineering Doctorate and mustbe a U.S.
Citizenor a permanent resident. The University is especially interested in hiringfaculty
members whoare awareof and sensitive to theeducational goalsand requirements of an
ethically and culturally diversestudentpopulation. Minorities and womenare strongly

encouraged to apply.

TEACHING ASSIGNMENTS AND RESPONSIBILITIES:

Successful candidateswill teach undergraduate and graduatecourses in their specialties
as well as other courses basic to MaterialsEngineering, will developmodem laborato
ries and will conductexternallyfundedresearch in their areas of specialties, and will
emphasize computerapplications in their teachingand research.

SALARY RANGE:

$XX,XXX to $XX,XXX depending uponqualification.

STARTING DATE:

Fall Semester 19XXis preferred; however, the positionwill stay open until filled.

APPLICATION PROCEDURES:

Candidate shouldsend a resume,proofof citizenship/permanent residence and names,

addresses, and telephonenumbers of three references to:

Name/address/telephone numberof searchcommitteechairman

GENERAL INFORMATION:

(Announcing) University is (state's) oldest institution of publichigher learning. The

School of Engineering has an approximate enrollment of 3,400students. The school
offersboth BS and MS degrees. The campusis located on the (city)witha metropolitan
population of 3,000,000. (Announcing) University enrollsapproximately 30,000students,
a significant percentage of whomare members of minority groups. Manyof (state's)
mostpopularnatural, recreational and cultural attractions are conveniently close.

The University is committedto increasing the diversityof its facultyso our disciplines,
studentsand the community can benefit from multipleethnic and genderperspectives.
(Announcing) University is an equal opportunity/affirmative actionffitle IX employer.
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iiiiiiiiiCi:&,Jiiiii Sample (over lener.

December 10, 19XX

Nameof searchcommittee chairman

Address

Dear Professor (name):

I am responding to youradvertisement for a faculty position in the Materials
Engineering Department at (announcing) University. I am presently a Ph.D.
candidate at (applicant's) University in the Department of Materials Science
and Engineering. My thesiswork is in the area of process modeling for semi
conductor fabrication and my specific research topic is the diffusion of dopants
in gallium arsenide. My thesisadvisoris Professor (name), Director of the

Integrated Circuits Laboratory in the Department of Electrical Engineering.

I am particularly interested in a faculty position in a department which values
teaching. As you may note frommy resume, I have takenevery opportunity to
teachwhileat (applicant's) University, and I have also participated in various
educational projects outsideof the University environment. These included the
Computer Literacy Project, whichI founded and directedfor three years in a
predominantly minority middle schoolin (city),and Expanding Your Horizons
at (announcing) University, a workshop for youngwomen interested in pursuing
careersin mathand science. At (applicant's) University, in addition to beinga
graderand teaching assistant in several Electrical Engineering coursesin semi
conductor processing, I helpeddesignand teacha Materials Science and
Engineering laboratory course. I also designed and cotaught a new course

for undergraduates entitledElectronic Materials Science.

In addition to teaching, I am looking for a research opportunity whichwould
allowme to continue my work in electronic materials processing, structure and
properties. At (applicant's) University I have accomplished original research in
pursuit of my degree, as well as contributed to the development of a fabrication
line for GaAsdigitaltechnology. Whileworking at (name) Corporation, I
designed and supervised construction of a thin film laboratory research facility
and initiated a research projectin amorphous semiconductor thin films.

I expectto finishmy degreein July 19XX. I haveenclosed my resume, including
a list of publications, a list of references, and a copy of my passport as proofof
U.S.citizenship. Thankyou for yourconsideration. I lookforward to hearing
from you soon.

Very truly yours,

name/address/telephone number

195
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The Curriculum Vitae

Your curriculum vitae,or CV, is the next part of your application that the search

committeesees.As with your cover letter, the visual impactof your CV sendsan

important message about your thoroughness and attention to detail. You want to

present your experiences, accomplishments, and professional qualities in the

most positive light. What is the difference between a curriculum vitae and a

resume [3, p.2]?

The curriculum vitae (also referred to as the vita or CV) is a summary of an

individual's educational background and experiences. The CV is used whenapply

ing for teaching and administrative positions in academia or for a fellowship or

grant. In contrast to a CV, a resume is used to summarize an individual's education

and experience related to a specific careerobjective in the public or private sector.

Johansen-Trottier has developed the following list of questions to ask

yourself when writinga vita [3, p.l]:

• Is it well designed, organized, and attractive? (well laid-out, and appropri

ate use of bold and italics).

• Are categories of information clearly labeled? (Education, Teaching, and

Research).

• Is it easy to find certain sectionsof interest to searchcommitteemembers?

(Publications, Postdocexperience, and Professional Associations).

• Has your advisor, and at least one other person, reviewed and critiqued it?

• Have you avoided using acronyms?

• Has it been proofread several times to eliminate typographical errors?

Most science and engineering vitae will contain the following [3, pp.2-3]:

IdentifyingInformation

• Name, address, telephone number, and electronicmail address.

Education

• Begin with your most recent or expecteddegree.

• Listdegrees, majors, institutions, anddatesof completion (orexpected date)

in reversechronological order. Also, list minors, subfields, and honors.

Dissertation or Thesis
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• Date dissertation/thesis will be finished.

• Dates describing your current status ("Completed coursework, June

19XX," "Passed qualifying exam, March 19XX").

• Provide the title and a brief description of your work, its framework, your

conclusions, your advisor (and committee members).

Awards

• Examples include: NSF Fellow, IBM Dissertation Fellowship, and Phi

Beta Kappa.

Experience

• Some scientists and engineers like to include their research/thesis/disserta

tion in this section.

• Include job title, the name of the employer/institution, your responsibili

ties and accomplishments, dates.

• Use a consistent format. "Experience" works best, but you may want to

divide things up by "Research" and "Teaching."

• Stress what you contributed and accomplished using verb/active skills:

"Delivered eight class lectures on composite materials and developed

five supporting problem sets and a midterm examination" versus

"Responsibilities included preparing class lectures, homework assign

ments, and exams."

Publications/Presentations

• Put these last if you have more than four or five entries.

• Listed in standard bibliographic form, classified by type (journal and

conference).

• While it is acceptable to list articles as "submitted" or "in preparation,"

be careful. You will want to balance these with articles that are either

published or in press.

Other possible categories often used are:

• Academic service

• Research interests

• Teaching competencies

• Areas of expertise

• Community service



198 Part III Finding and Getting the Best Possible Position

• Professional associations

• Scholarly presentations

• Foreignstudy

• Licensure

CVs can be rearranged to fit differentsituations. Figure8-3 is a CV designed

to appeal to a major researchuniversity. Figure8-4 shows the same person's vita

redesigned to appeal to a school with a primary teaching emphasis.

Curriculum vitae-research emphasis.

207 EdinboroLane,#C32

Oak Ridge,TN 37830

(615) 483-1234

TERRANCE L. JOHNSON

Environmental Science Division

Oak Ridge NationalLaboratory

Oak Ridge,TN 37831-6056

(615) 574-1234

EDUCATION

Stanford University, Stanford,California, 19XX-19XX

Ph.D. in Biological Sciences. 19XX. Area of Specialization:

PopulationBiology

M.S. in Biological Sciences, 19XX

Northwestern University, Evanston, Illinois. 19XX-19XX

B.A. in Biological Sciences,concentration in Ecologyand

Evolutionary Biology

B.A. in Biochemistry, Molecular Biologyand Cell Biologywith honors

B.A. in IntegratedScience Program. with honors

AWARDS AND HONORS

HollaenderPostdoctoral Fellowship(US D.O.E.), 19XX-present

ARCS Foundation Fellowship, 19XX-19XX

NationalScience Foundation Graduate Fellowship. 19XX-19XX

Andrew Mellon Foundation Graduate Research Fellowship, 19XX

Phi Beta Kappa, 19XX

RESEARCH EXPERIENCE

Postdoctoral Research: Environmental Science Division,Oak Ridge National

Laboratory, 19XX-present (research advisor: Dr. Stephen H. Smith).

• Development of quantitative theory of hierarchical structure in

ecologicalsystems.

• Analysisof how ecologicalcommunitiesreflect environmental

heterogeneity at differentscales.

• Numerical study of foraging behavior with short and long range

movementin heterogeneous environments.
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(Continued)

Doctoral Research: Department of Biological Sciences, StanfordUniversity,

19XX-19XX (research advisor: Dr.JamesT. Jones).

• Fieldstudy of the impactof avianpredation on Anolie lizardsin

the easternCaribbean documents the importance of differences

in spatialscalebetweenprey and predators.

• Theoretical analysisof spatialscaleand environmental heterogeneity

in modelsof predator-prey communities.

• Analytical and numerical worksshow how speciesinteractions can

sharpenunderlying environmental patternsand how

heterogeneous environments can stabilize predatorand

prey populations.

Undergraduate Honors Research: Department of Biochemistry, Molecular

Biology, and Cell Biology, Northwestern University, 19XX-19XX

(research advisor: Dr.PeterT. Williams)

• Investigation of primary eventsof bacterial photosynthesis.

• Isolation and spectralanalysis of photosynthetic reaction centers.

RESEARCH INTERESTS

• Theoretical and field studyof ecological communities.

• The roles that spatialpatternsand processes play in shaping

communities.

• Howpopulations and processes that act on different spatio

temporal scalesaffect the behaviorof ecological systems.

• Influences of disturbance size and frequency on landscape structure.

TEACHING EXPERIENCE

Instructor: OutdoorEducation Program, StanfordUniversity, 19XX-19XX.

• Lectures and weekend outings,emphasison alpineecology,
animal tracking, and wilderness skills.

Co-Instructor: Biology of Birds,StanfordUniversity, 19XX.

• Lectures and field trips; with Dr.S.T.Phillips.

Teaching Assistant: Systematics and Ecology of Vascular Plants,Stanford

University, 19XX.

Teaching Assistant: Core BiologyLaboratory, StanfordUniversity, 19XX.

• Ecology laboratory and discussion sections.

Instructor: Chemistry Laboratory, Kendall College,Evanston, IL, 19XX-19XX.

• Sole responsibility for laboratory in biochemistry, generaland

organic chemistry.

Wilderness Guide: Association of Adirondack ScoutCamps,Long Lake,

NY,19XX.
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Curriculum vitae-research emphasis (Continued)

• Six-daycanoe and hiking trips. with attention to Adirondack

naturalhistory.

UNIVERSITYSERVICES

TourGuide: Botanicaltours of Stanfordcampus for organizersof Native

Americanstudentsorientation, 19XX.

• Emphasison native uses of plants

Guest Instructor: Jasper Ridge BiologicalPreserveTrainingProgram, 19XX.

• Interpretation of animal tracks and signs.

TourGuide: Ecology laboratoryteachingassistantorientation, 19XX.

• Led natural history tour of field site.

Student Advisor: IntegratedScience Program.Northwestern University,

19XX-19XX.

AcademicCommittee: College of CommunityStudies, Northwestern University,

19XX-19XX.

Presidentand Member: Northwestern Students for a Better Environment,

19XX-19XX.

PUBLICATIONS ANDPRESENTATIONS

Jones, 1.T. and T. L. Johnson. 19XX. Scrub Jay predationon starlingsand swal
lows: attack and interspecific defense. Condor 90:503-505.

Johnson,T.L. and J.T.Jones. 19XX. Avian predationon Anolis lizards in the

northeastern Caribbean:an Inter-islandcontrast, Ecology 70:617-628.

Johnson,T.L. and J.T. Jones. Predationacross spatial scales in heterogeneous

environments, Theoretical Population in Biology (in press).

Johnson, T.L. and J.T. Jones. Species interaction in space. symposiumpaper pre

sented at the 19XXmeetingof the EcologicalSocietyof America,Snowbird, UT;

to appear in R. Ricklefsand D. Schulter.eds., Historical and Geographical

Determinants of Community Diversity, University of Chicago Press, Chicago.

Johnson,T.L. Species interactions across spatial scales, presentedat the

November 19XXmeetingon Bridgingthe Gap BetweenTheoreticaland Empirical

Ecology, Broaddus.TX.

In Figure8-3, Johnsonmakesevidenthis prior successin acquiring funding,
and is also sure to include his scholastic awards, one of which is a substantial

postdoctoral fellowship. His teachingexperienceis secondary in this case, and so

is not given the same emphasis. In addition, he may also compose a statement

outlining his research interests, as wellas a short research proposal to accompany

hisCV.
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Curriculum vitae-teaching emphasis.

207 Edinboro Lane,#C32

Oak Ridge,TN 37830

(615)483-1234

TERRANCE L. JOHNSON

Environmental ScienceDivision

Oak RidgeNational Laboratory

Oak Ridge, TN 37831-6056

(615)574-1234

EDUCATION

Stanford University, Stanford, California, 19XX-19XX

Ph.D.in Biological Sciences, 19XX, Areaof Specialization:

Population Biology

M.S.in Biological Sciences, 19XX

Northwestern University, Evanston, Illinois, 19XX-19XX

B.A. in Biological Sciences, concentration in Ecology and

Evolutionary Biology

B.A. in Biochemistry, Molecular Biology andCell Biology withhonors

B.A. in Integrated ScienceProgram, withhonors

AWARDS AND HONORS

Hollaender Postdoctoral Fellowship (USD.O.E.), 19XX-present

ARCS Foundation Fellowship, 19XX-19XX

National Science Foundation Graduate Fellowship, 19XX-19XX

Andrew Mellon Foundation Graduate Research Fellowship, 19XX

Phi Beta Kappa, 19XX

TEACHING EXPERIENCE

Instructor: OutdoorEducation Program, Stanford University, 19XX-19XX.

• Lectures and weekend outings, emphasis on alpine ecology,

animal tracking, and wilderness skills.

Co-Instructor: Biology of Birds,Stanford University, 19XX.

• Lectures and field trips; with Dr.S.T. Phillips.

Teaching Assistant: Systematics and Ecology of Vascular Plants, Stanford
University, 19XX.

• Laboratory and field trips.

Teaching Assistant: Core Biology Laboratory, Stanford University, 19XX.

• Ecology laboratory and discussion sections.

Instructor: Chemistry Laboratory, Kendall College, Evanston, IL, 19XX-19XX.

• Sole responsibility for laboratory in biochemistry, generaland

organic chemistry.

Wilderness Guide: Association of Adirondack ScoutCamps, LongLake,

NY, 19XX.

• Six-day canoeand hiking trips,withattention to Adirondack

natural history.
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iiiiiiiiiCI:m. Curriculum vitoe- teoching emphosis (Continued)

TEACHING INTERESTS

Generalecology, communityecology, ornithology, field biology, theoretical

ecology, conservation biology, animal tracking, widerness skills, wilder

ness policy issues.

UNIVERSITY SERVICES

TourGuide: Botanical tours of Stanfordcampus for organizers of Native

American studentsorientation, 19XX.

• Emphasis on native uses of plants

Guest Instructor: Jasper Ridge Biological PreserveTrainingProgram, 19XX.

• Interpretation of animal tracksand signs.

TourGuide: Ecology laboratory teachingassistantorientation, )9XX.

• Led naturalhistorytour of field site.

StudentAdvisor: Integrated Science Program, Northwestern University,

19XX-19XX.

AcademicCommittee: Collegeof Community Studies,Northwestern University,

19XX-19XX.

President and Member: Northwestern Studentsfor a BetterEnvironment,

19XX-19XX.

RESEARCH EXPERIENCE

Postdoctoral Research: Environmental Science Division, Oak Ridge National

Laboratory, 19XX-present (researchadvisor: Dr.StephenH. Smith).

• Development of quantitative theory of hierarchical structurein

ecological systems.

• Analysisof how ecological communities reflectenvironmental

heterogeneity at differentscales.

• Numerical studyof foraging behaviorwith short and long range

movement in heterogeneous environments.

Doctoral Research: Department of Biological Sciences,StanfordUniversity,

19XX-19XX (research advisor: Dr.James T. Jones).

• Field study of the impactof avian predation on Anolie lizards in

the easternCaribbeandocumentsthe importance of differences

in spatial scale betweenprey and predators.

• Theoretical analysisof spatial scale and environmental heterogeneity

in modelsof predator-prey communities.

• Analytical and numerical worksshow how species interactions can

sharpenunderlying environmental patternsand how

heterogeneous environments can stabilizepredatorand

prey populations.
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iiiiiiiml:miiii (Continued)

Undergraduate HonorsResearch: Department of Biochemistry, Molecular

Biology, and Cell Biology, Northwestern University, 19XX-19XX

(researchadvisor: Dr. PeterT. Williams)

• Investigation of primaryevents of bacterialphotosynthesis.

• Isolation and spectralanalysisof photosynthetic reactioncenters.

RESEARCH INTERESTS

• Theoretical and field study of ecologicalcommunities.

• The roles that spatial patternsand processesplay in shaping

communities.

• How populations and processesthat act on differentspatio

temporal scales affect the behaviorof ecological systems.

• Influences of disturbance size and frequency on landscape structure.

WILDERNESS TRAINING

Animal tracking, avalanche safety, kayaking, mountaineering, outdoor education,

rock climbing,wilderness survival.

WILDERNESS LEADERSHIP EXPERIENCE

Back-country skiing, minimum equipmentcamping,mountaineering, off-trailnavi

gation, snow shoeing,white watercanoeing.

RELATED INTERESTS

Back-country baking,basketry, ethnobotany, flintknapping, prehistoric fire-making,

shelterdesign, weaving.

PUBLICATIONS AND PRESENTATIONS

Jones. J.T.andT.L.Johnson. 19XX. ScrubJay predationon starlingsand swallows:

attack and interspecific defense, Condor90:503-505.

Johnson,T.L. and IT. Jones. 19XX. Avian predationon Anolis lizards in the north

easternCaribbean: an Inter-island contrast, Ecology70:617-628.

Johnson. T.L. and IT. Jones. Pattern and stability in predator-prey communities:

how diffusion in spatially variableenvironments affects the Lotak-Volterra model,

Theoretical Population Biology(in press).

Johnson,T.L.and IT. Jones. Predation across spatial scales in heterogeneous envi

ronments, Theoretical Population in Biology (in press).

Johnson, T.L. and IT. Jones. Species interaction in space, symposium paper pre

sentedat the 19XX meetingof the Ecological Societyof America, Snowbird, UT;to

appear in R. Ricklefs and D. Schulter, eds.. Historical and Geographical

Determinants of Community Diversity, University of Chicago Press,Chicago.

203
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Figure 8-4 is a variation of Johnson's CV designed to impress those institu

tions that are more oriented toward experiential or applied education.

Highlighted here is the classroom and informal teaching experience he has

acquired. Also included is his interestand experience in other forms of teaching,

for example, outdoor, or natureeducation. Becausehe still wants to be active in

research, he also provides his research experience and some of his future inter

ests, even though he knows that at these particular institutions, opportunities in

these areas might be more limited.

Letters of Recommendation

Mentorswrite the right kindsof letters whena studentor junior faculty colleague is

looking for a job, and they call friends in departments to which he/she has applied

in order to get the backchannel networks workingfor the candidate. A mentorwrites

enthusiastic letters of support, does not damn the subject with faint praise or

"attempt" to give a balanced view by articulating the candidate's shortcomings as

well as strengths. There are appropriate places for that, but they are not in lettersof

recommendation [4].

Letters of recommendation are essential to your application for academic

positions. Requests for such letters typically look like the following:

Dear ProfessorReis:

The Department of Electrical and Computer Engineering is considering Ms. X for

a faculty appointmentas Assistant Professor. Would you please give your candid opinion of

Ms. X's research?Howdoes she compare with others in her field of roughly the same experi

ence? Does she show promiseof continued developmentand professional growth?

Any information you can give us of Ms. X's teachingability wouldbe of interest.Perhapsyou

have heard her address classes or seminars, and can report on her style and effectiveness as a

lecturer. Any informationyoucan give about her servicesto professional societiesandjournals

would also be useful.

Thank you for your assistance in this matter.

Sincerely,

John R. Smith, Chairman

As with your cover letter, your letters of recommendation need to be first

rate. Of course, the difference between the formerand the latter is that you do not

get to write the latter. However, you can, and should, have an influence on what

appears in such letters.
You want letters from people who will say great things about you. Three

five such letters is usually the right number. Obviously, your primary
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academic/dissertation advisor will write one of them. So will your supervisor

if you are a postdoc. Someone who addresses your teaching interests and

capabilities would be another. If you have had any of the teaching experiences

discussed in Chapter6, thensupervisors or employers awareof theseexperiences

becomea good source.

If, as part of your research, you have engaged in any multidisciplinary or

cross-disciplinary collaborations, getting a letter substantiating such collabora

tions could be quite valuable. Also considerobtaining a letter from someone in

industry if you have had substantial interactions with the person during your

graduate or postdoc experience.

The timingof yourrequestfor these letterscan be important. If you havejust

accepted a postdoc position, now is the time to get letters into your file from the

peopleyou knewas a graduate student. Even if they are not used for a few years,

they will capture a crucial period in your education. You want to have such

lettersput in yourfile while the memory of your recommenders is fresh. You can

always go back to them for updates if appropriate. In somecases, you may want

your recommenders to write two letters, one for a future academic positionand

one for an upcoming postdoc or industry position. If you are completing a

postdoc then clearly your current supervisor will write a letter about your

research experiences, but he/shecould also talk about your academic interests.

A key to getting good letters of recommendation is to know your recom

menders well enough over time so that theycan say substantial thingsaboutyou,

backedup by first-hand experience and a reasonable amountof detail. All letters

will have somethings in common since they are all about you.This commonalty

is goodsince it reinforces a particular image. However, each lettershouldalso be

unique. Specific aspects of your education, character, and capabilities, as seen
from the recommender's perspective, should be included.

At least a few months in advance of the need for such letters, you shouldsit
down and talk with potential recommenders about the kind of job you seek.
Discuss the balance between teaching and research, and graduate and under

graduate emphasis. Somegraduatestudents and postdocs are reluctant to do this
(it is called the Advisor-Avoidance Dilemma) because they fear that what they
want, and what their advisor wants for them, may not be the same. In my expe

rience, these concerns are often unfounded, and the discussions, which are an

essential preludeto gettinggood letters, go much better than expected.

Provide each potential recommender with a brief description of the

important aspects of your relationship as they relate to your application for an

academic, postdoc or industry position. Do not just supply a copy of your

curriculum vitae. Alsoprovideone or two pages,perhapswith the mainpoints in

bulleted form, about things not in your curriculum vitae that you wish to have

expanded in the recommendation letter.

Strike the right balance. Do not appear to tell your recommenders what to

say or how to write a letter. Rather, give them needed background (and
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reminders) about points they will want to write about anyway. I have found that

most faculty appreciate this "assistance" if it is presented in the proper way.

THE APPLICATION PROCESS

Conferences

Conferences, as a place for conducting preliminary, or screening, interviews

are common in the social sciences, but they also exist in the physical and life

sciences, and to a lesser extent in engineering. The annual meetings of the

American Mathematical Society, theAmerican Societyof Mechanical Engineers,

and the American Association of Engineering Education are examples of confer

ences where such interviews take place. Of course, much can also take place

without a formal interview. As noted in Chapter5, youare goingto be scrutinized

to a certaindegreeas soon as you start attending such conferences.

Ann Maclachlan, former academic placement advisor in the Educational

CareerServices of the CareerPlanning and Placement Centerat the University of

California, Berkeley, has written extensively abouthowto get the mostfrom such

conferences. In preparing for a conference, she suggests the following [5, p.2]:

• Write out and rehearse a short statement on your dissertation of about five

minutes, no longer.

• Develop a Jist of courses you have taught, and bring yourteaching portfolio
with you.

• Ata minimum, look overthecatalog of the interviewing college or university.

The five-minute talk is something you should be able to give on the spot

without notes and overheads. It should also be comprehensible to those not in

your specialty area. You will be called upon to give this kind of talk dozens of

times over the next year or so. We will discuss it further in the next section.

You also need to be prepared to talk aboutcoursesyou have taughtor would

like to teach, as well as to say something about your teaching philosophy.

Looking over the school's catalog and World Wide Web displays will help with

these questions, and will also give you some additional topics to discuss.

According to MacLachlan [5, p.3]:

Being well organized and prepared reduces anxiety considerably, but attitude also

makes a substantial contribution. You should be aware that when you go into an

interview that you are makingan appearance as a potential colJeague. Be agreeable

but not servileor overly diffident. Do not be arrogant. Keepyour radar finely tuned
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to the kinds of questions you are being asked. Remember that the purpose of the

interview is to get acquainted with you.Avoid speaking at lengthaboutunimportant

things. Be specific in youranswer, but remember that this is not an oralexamination.

Remember too, thatthepeopleinterviewing youmaybeequallyfatigued, so respond
to them as the individuals that they are and not as "the enemy." Normal courteous

expressions of sympathy or convention can break the ice.

Also keep in mind that a certain amount of appropriate humor can go a long

way toward setting the right tone.

At the conference, be sure to keep in touch with your faculty and other grad

uate students and postdocs. Keep them informed about your interviews,

exchange information, and do not hesitate to ask your faculty to "talk you up"

with colleagues with whom you think you had a good interview.

Finally, be sure to get the names of everyone with whom you interviewed,

and follow up quickly with thank you letters. Follow-up is important even if you

do not think the interview went well, or if you are not interested in a particular

school. Remember, all of these people may be your future colleagues.

The Campus Visit

There is a tendency to be awestruck, to feel as if you're being summoned by God

whenPrinceton calls. Instead, you needto havesomeself-respect and not act likean

over affectionate puppy. This is not a time to lose your professionalism [5, p.4].

Okay, but admittedly, you cannot help but be excited. All the work you have

done so far pays off, and you receive a call from a member of the search com

mittee asking if you would be available to visit their campus for an interview.

Naturally, you are delighted, and more than a little anxious. Until now, you did

not have to tell anyone which schools you had applied to, or how many rejection

letters you may have received. Now, everyone will know that you are going for

an interview, and ultimately whether or not you get an offer. Adding to your anx

iety is the knowledge that there will probably be from three to six other finalists

who the school also thinks are very strong, and on whom it is also willing to

spend precious time and resources to interview.

There are a few things to keep in mind about your competition. First, they

are as nervous and anxious as you. Second, like you, they will probably get asked

to more than one interview. Even if one of them is offered the position you are

applying for, they may not accept it, and you may end up being a very desirable

second choice.

Yet, there is no question that for both you and the school, the campus visit

is critical. The search committee has spent a lot of valuable faculty time getting

to this stage, and they want it to payoff. So do you. For this reason, you need
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to prepare carefully. You have already begun this task by writing a cover letter

and curriculum vitae that helped get you the interview. Now you need to take

additional steps.

If you have not already done so, check out the latest information about the

institution and the department on the World WideWeb. This material is likely to

be far more current than an annual catalog. Most college and university Web

pageshavedetailed information on faculty in departments of interest, whichyou

will want to print out and review before your arrival. However, do get a copy of

the institution's catalog. (You can call the college and ask them to send you a

copy if you cannotcheckone out of your library.) Lookover the coursesoffered

in the department, noting the ones you might like to teach. As discussed

in Chapter 6, more and more schools are asking candidates to talk about their

teaching philosophy and teaching experience. When the department presents

your case to the dean, it has to show that you can do the necessary teaching. You

are likely to be asked what courses you can teach, and rather than responding

with "geomorphology" or "structural mechanics," it will be more impressive if

you can point to particular undergraduate and graduate possibilities you have

checked off in their catalog. Also, be prepared to briefly describe a course that

you wouldlike to develop and teach from scratch. It wouldbe helpfulif you had

some idea of the texts you would use and the general nature of the topics you

wouldcover.

Be sure that you know what type of institution you are visiting, and see if
you can learn something about the composition of the student body. Find out if
there are any faculty and graduate students in your current institution who went
to the school or who might know someone there. They can be a gold mine of

information and suggestions.
Thereare,according to Johansen-Trottier, other, somewhat moresubtlethings

you should lookfor. They include [6]:

• Do you feel comfortable with the faculty in the department and the over

all feeling at the university regarding yourrace,gender, sexual preference,

religion, and culture?

• If you have children, what will the schools and neighborhoods be like

for them? What are the employment opportunities for your spouse at the

university or in the community?

• Will you have time to drive around the community in order to get a sense

of the qualityof life in the academic and surrounding communities?

On your trip, be sure to bring extra copies of your vita, a copy of your

dissertation and statement of your research plans, and other relevant material.

Whatever you do, do not check anything important through to baggage claim.

Dress like faculty in your department dress when they are meeting with impor

tant people (slacksand sport coat or suit, tailored dress or skirt and jacket).
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Find out as much as you can about your schedule in advance. With whom

will you be meeting and when? When is yourjob talk scheduled? Will you have

a half hour or so before the talk to prepare and relax? Also, try to find out the
backgrounds and dossiers of the people you will meet. Here, again, the best
source is their HomePageson the World WideWeb.

Your academic job talk is usually on your research interests. Make sure this

is the case. One candidate I know thought he was going to give a high-powered

technical talk, only to find out that he also was expected to give a lecture in an

undergraduate course.

If you are not scheduled to meet specifically with students, ask if such a

meeting can be arranged. It is something you should want to do, and even if it

was not scheduled, the committee will be pleased that you asked.

It will be a good idea if you can remember the names of faculty and other

important peopleyou meet as you go along. It will be particularly impressive if

you can refer to them by nameduringthe question-and-answer periodafter your

job talk. Doingso is not that difficult if you consciously make the effort.

As noted earlier, being able to talk about your research for about five

minutes without notes or other aids is very important. Organization professors

John Darley and Mark Zanna call this the "five minute drill." Although specifi

cally referring to the social sciences, their adviceapplies equally to science and

engineering candidates. They say [7]:

It is useful to be able to give one other sort of presentation. We have labeledit the

"five minute drill." Perhaps one faculty member missedyour job talk; perhaps for

another you want to describe a line (or future line) of research you didn't cover in

yourcolloquium. Wesuggest that yoube prepared to relatethe theoretical contextof
yourresearch, thespecific hypothesis youare testing, thegeneral procedures youare
using to test them, and the outlines of the resultsyou are getting (or wouldhope to
get) all in five minutes! Your majortask is to conveythe importance and excitement
of the research succinctly so that you can then discuss your work with the person
ratherthan lecturehim or her duringyour time together.

To conveywhat you are up to without going into excessive detail is a surprisingly

difficult task, and, at first, requires considerable thought and discipline. Wesuggest

that you explicitly think through whatyou wouldsay and practice it. Whenpractic

ing, keep in mind that you may be relating your research to a colleague in another

area who may need to know a bit more about some aspect (e.g. methods) of the

research. Our advice is to think through, in advance, modifications of your presen

tationas a function of a variety of possible audiences.

Mary M. Heiberger and Julia M. Vick of the University of Pennsylvania

have prepared a list of over 30 questions often askedof interviewing candidates.

You will almostcertainly not be askedall of them,but here are somekey ones to
keep in mind [8]:
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• Describe your dissertation research. How is this a significant contribution
to the field?

• Why did you choose your topic?

• If you were to begin it again, are there any changes you would make in

your dissertation?

• What are your plans for applying for external funding?

Teaching

• What classes are you now teaching or have taught recently?

• How wouldyou structure teaching a class in your first semester?

• How wouldyou encourage students to major in our field?

Participation in School Activities

• How, and what, can you contribute to our faculty?

• How much are you willing to participate on university committees and

extracurricular activities?

• In what ways and in what areas do you see yourselfmaking professional
contributions in the next five years?

Self-Image/Career Choices

• Tell us about yourself (memorable but concise, a one- or two-minute
summary of background).

• What are your greatest strengths and weaknesses (only a "weakness" that

is honest, but would not be something that wouldbe a major negative for

performing the job)?

• How do you spend your leisure time?

Of course, you need to be prepared with plenty of questions of your own.

Authors Timothy J. Green, Marilyn S. Jones, John G. Casali, and Nancy E. Van

Kuren have prepared a list of 120 questions that candidates for engineering

faculty positions should ask about the institution they are considering [9]. Most

of thesequestions applyjust as well to science positions. Theirquestions fall into

the following ten categories:

• Demographics

• Faculty
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• Faculty duties

• Facilities

• Undergraduate program

• Graduate program

• Research

• Promotion and tenure

• Professional development

• Benefits and contractual issues
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A list of all 120questions appears in Appendix D, "Questions to Ask Before

Accepting a Faculty Position." You are likely to ask only a fraction of these

questions duringyourvisit,and only a fraction more in follow-up conversations.

Still, the list is very useful to have, not only as a way of evaluating a school that

makes you an offer, but also as a tool to help you determine whichschools you

want to apply to in the first place.

An interesting question sometimes arises as a result of your campus visit.
Should you take advantage of the free traveland the fact that you are in the area

to request a visit to another schoolyou are interested in, but whichhas not (yet)
asked you to come for an interview? If you are close to making their short list,

or if the school has not yet madeup their list, they will sometimes take the time

to interview you, particularly if they do not have to pay the extra travel expens

es. How much, if anything, to tell the school that is paying for your travel is a

matterfor you to decide. One approach wouldbe to let them knowthe situation,

and offer to pay part of the airfareyourself, or ask the secondschool to split the
travel costs. I haveseenenough caseswherethishas resulted in an offerfrom the
second school that I wouldadviseyou to considermaking the effort.

The Academic Job Talk

Let us nowtakea lookat whatwillprobably be the mostimportant talk you have
ever given. No, I am not referring to your Ph.D. orals.Your orals werea pieceof
cake compared to what is called the academic job talk. During your orals, you

gave a very technical talk to a generally supportive audience whoknew you and

who had a strong interest in your doing well. Most likely, your orals were on a

date determined by you after considerable preparation and practice. On the out

sidechancethat you were to fail your exam, you wouldbe given an opportunity

to take it again. Noneof the aboveis likelyto be the casewithyouracademic job

talk.An excellent talk couldget you the job, whilea poor talk will almostsurely
eliminate you from contention.

You have probably given a number of presentations on your research to
department seminars, professional meetings, and to industry and government
representatives. These talks showcased your technical knowledge and expertise;



212 Part III Finding and Getting the Best Possible Position

that was their primary function. While it is always desirable to pay attention to

the broader context into which your research fits, doing so was secondary

to demonstrating your technical prowess. If you were applying for a postdoc

position, then your technical strengths were a must, and a presentation was one

way to demonstrate them. Goodcommunication skiJIs werea nice bonus,but not

at the expense of your technical expertise. After all, your postdoc employer

viewedyour tenureas temporary. He/shewantedto get what theycould from you

now, and a strong technical knowledge is the essentialprerequisite.

Things are different for an academic position. Your ability to communicate

well, to show enthusiasm, to place your work in a broadercontext, and to make

good use of various media all correlate highly with good teaching. Your inter

viewers are going to want to see evidence of these capabilities, as well as your

technical expertise. Most faculty in most schools understand that they, and you,

are making a decision that could keep all of you together for 30 or more years.

Even if a second decision is made six or seven years down the road at tenure

time, the cost of makinga mistake now is very high.According to ProfessorPaul

Savory [10]:

Fearof makingthe wrongdecisionis their (searchcommittee's)greatestfear.Unlike

private industry, once a person is hired, he is there until at least tenure time (five or

six years). Many departments would rather not hire anyone than hire someone they

are uncomfortable with.

For most department chairs and deans, making the correct hiring decisions

is their most important task. It is their legacy. They will be looking for support

ing evidence from you for their decision, which must be made in a relatively
short period of time. They want to know what kind of researcher, thinker, and

teacher you are going to be. They will be trying to analyze your ideas and the
contributions you will makeover many years.Thus, it is importantto place your

current work in a broader context, and to tie your interests to the overall issues

and problems in the field.

Your presentation needs to be customized to your audience. Do not use

overheads showing the name of a recent conference in which you gave a similar

talk. Make sure that your cover page contains the nameof the institution you are

visiting, along with the date of your visit. Consider preparing color transparen

cies. They are more work, and cost a bit more, but they make a much better

impression. Remember, this talk is also one way for you to indicatehow you will

approach your teaching.
While most of your audience will consist of faculty and students from your

host department, do not assume that all of them share your particular technical

background. It is also likely that faculty from relateddepartments may be invited

to your talk. It is essential that you find out who your target audience will be.

Early in your graduatecareer, you should start to attend academic job talks
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in your own and related departments given by candidates for positions at your

school. Attending suchtalkswillgive youan early look at this important process,

and make you less anxious when it comes to your tum to do the same thing.

Michele Marincovich, director of the Stanford University Center for

Teaching and Learning, has counseled hundreds of studentsand postdocsabout

their academic job talks. She offers the following advice [11]:

General Tips

• Make sure that your talk has a broadercontext,so that the importance and

implications of your work are clear, not merely implied.

• If, when you write your talk, you focus on what you want people to be

thinking about as they leave your talk, it will help you concentrate on the

essentials.

• Don't wait to prepare your job talk until the last minute-it is more than

just a "brain dump" of your dissertation. It's very important to be able to

go beyondyour dissertation.

• Be prepared enough to allow yourselfto be spontaneous; preparation will

also help you handle the unexpected.

• Make your talk interesting with good examples, relevant anecdotes, and

significant details.

• If speaking to a mixed audience, avoid highly technical or specialized

terms.

• Academia is changing and now includes previously underrepresented
groups. Use inclusive language-she as well as he, for example-and
language that is respectful of all groups.

• The biggestcorrelates of effective teaching are enthusiasm, organization,
and the ability to engage your students.

• Usinghumorin yourjob talk can be risky, but if it comes naturally to you,
use it. But you don't have to, so don't fake it.

• There will usually be a "Questionand Answer"period. There is no way to
predictall the questions you mightbe asked,but you can practiceby hav

ing friends listen to your talk and and then ask you the hardest questions

they can think of.

• Being a good public speakerhelps-a well delivered talk will carry your

message more effectively.

Practicing and Nervousness

• Practice/do your talk in front of friends who can give feedback.

• Try to view any nervousness in a positiveway, as energyor dynamism.
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• Few speakers reach everybody all the time-don't focus on unresponsive
audience members.

• Someaudiences (especially in science and engineering fields) will be seri

ous and unresponsive on purpose to make it more challenging or simply

because they're concentrating on the presentation and critiquing it.

• Stay in touch with your audience, but don't try to decide the success or

results of the talk during the talk.

If you follow these guidelines and practice several times before your visit,

you should do quite well. Indeed, you will probably also find it an enjoyable

experience. At the sametime,you are certainly going to be glad when your visit

is over. There is, however, one important follow-up actionfor you to take. Write

a thankyou letter to your host sayinghow muchyou enjoyedthe visit, mention

ing by name the specific people you spent a reasonable time with, and making

reference to any matters or observations that you found particularly worthwhile.

Conclude by indicating your understanding of the next steps, and be sure to

enclose any additional materials you promised to provide. Writing such letters

may soundobvious, but you would be surprised how many applicants do not do

it-and, therefore, whata difference it makes when you do.

POSITIONS OUTSIDE ACADEMIA

As noted in Chapter 7, you may want to follow through with your Multiple
Optionapproach by also applying for positions in government or industry. This
suggestion is certainly not an exhortation to leave the academic path, but rather
a way to expand your options. Knowing that you have choices increases your
self-confidence and also strengthens your position in the academic arena.

Although the government and industry application process has some elements

in common withtheacademic process outlined above, thereare alsosomeimpor

tant differences.

In her article, "Secrets from the Other Side," Constance Holden, a reporter

at Science magazine, discusses the industry application process with Denise H.

Guthrie, Ph.D., recruiting and placement manager for Dow U.S.A. in Midland,

MI 1[12].

According to Guthrie, the vast majority of Ph.D.s "simply don't know how
to prepare for an interview in industry." Theyjust assume that they can answer

I Adapted with permission from C. Holden, "Secrets from the other side," Science, vol. 257, no.

5077, p. 1713, Sept. 18, 1993. Copyright © 1993 by the American Association for the Advancement

of Science.
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questions as they come, thinking off the top of their head." This assumption,

Holden notes, can be dangerous.

With industry positions, there are typically two stages: the on-campus

interview and the on-site interview. According to Guthrie, industrial recruiters

want to know the answers to four questions:

1. What job does the candidate want?

2. Can the person do the job?

3. Will the person do the job?

4. Will the person be compatible with the existing team?

The answer to the first question is not, as Guthrie notes, "I will do anything."

Such a response will be interpreted as either desperation or a lack of thought and

preparation. The key is to list the jobs of interest to you in order of priority

which, of course, means that you need to know something about the company.

As with academic positions, there is simply no substitute for preparation.

In answering the second question, Guthrie advises you to give a concise

description of your research by stating: (a) why you did it, (b) how you did it,

and (c) the results.

"Will the person do the job?" means demonstrating to the interviewer that

you possess leadership and initiative. Search your background to find examples

that illustrate this characteristic.

In answering the last question, you need to show you can be a team player,

and that you can get along with people from a variety of backgrounds. As noted

in Chapter 5, industry has moved away from stand-alone research and toward

more team projects, and they now screen and hire candidates who have the

ability to lead collaborations and teams in effective ways.

The on-site interview also has some elements in common with the campus

visit. The main difference, of course, is that you will be talking to industrial

scientists or engineers, and not faculty and students. Your academic job talk

becomes your industry seminar, and as with the former, it is all important. As

Guthrie puts it, "Based on your seminar you will either be working uphill or

downhill the rest of the day." He goes on to say that making a good impression

is simple: "Just be exceedingly well organized, concise, clear, confident, profes

sional and enthusiastic as you introduce yourself and explain your research."

Guthrie, according to Holden, also recommends that you leave some minor

but semi-obvious question unanswered during the presentation, which will

provide a pump primer for later discussion.

As with academic positions, applying for positions in industry takes time

and effort. But it may well be worth it. Even if you do not accept an industry

position, you will have developed important contacts that will be helpful to you

in your new position as a professor.
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Diversity Issues in the Hiring of Science ond Engineering Foculty:
An lIIustrotion from Astronomy

As competition for academic positions increases, issueshaving to do with

affirmative actionanddiversity arebrought to thefore. In thefollowing vignette,

we look at one aspectof this issueas seenfrom an astronomy perspective.

Geoffrey C. Clayton
University of Colorado, Boulder

Thousands of mostly white male scientists and engineers are currently
competing for a far smaller number of permanent faculty positions. What
impactis this competition havingon the goalsof affirmative action,and the
quest for diversity amongfaculty on collegeand university campuses?

Writing in Mercury: The Journal of the Astronomical Society of the

Pacific, Geoffrey C. Claytonin his article, "Astronomy in the 90's: Angry,
White, and Male?," looks at the situation from an astronomy perspective
[13, p.33]. George Musser, Mercury's editor, mincesno words in introduc
ing Clayton's article by noting, "When jobs are tough to come by, the
perceived unfairness of affirmative actionsticks in people's craws. In actu

ality, affirmative action barely hurts the majority, and greatly benefits the
minority" [13, p.33]. The article is indicative of wherethingsstand in most
of science and engineering.

Clayton is a research associate at the Center for Astrophysics and
Space Astronomy at the University of Colorado, Boulder. His research
interests are interstellar dust and R CoronaeBorealis stars. He was born in
Toronto, Ont., and received his bachelor's and Ph.D.fromthe University of
Toronto. Clayton was also a member of the Committee on the Status of
Women of the American Astronomical Society. With respect to gender, he
notes [13, p.33]:

When the subjectof jobs arises in conversation, as it often does among those

of us without secure positions, someone invariably makes a comment about

how some woman has been hired for such-and-such position. The clear impli

cationis that womenhavebeenhiredon the basisof theirgenderaloneand that

betterqualified men werepassedover.These feelings are not backedup by the

statistics, whichshow that womenare hired moreor less in proportion to their

numbers in Ph.D.programs.

Over the years, according to Clayton, genderissueshavegained higher
visibility in astronomy. He observes [13, pp.33-34]:

The presence of evenonefemale professorin a department can havea profound

effect. Men become used to working with a woman as a professional equal;
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students get used to having a professor who is not a man. In astronomy, as in

the rest of the country, once people of different genders and races get used to

working together, diversity becomes normal.

Although women still make up only about 120/0 of the total astronomy

population, Clayton notes that the number is high enough to forman iden

tifiable group and an active lobby.

The situation is not nearly so encouraging with respect to minorities.

According to Clayton, "We are at the point in the awareness of minority

issues that we were with women's issues 10 or 20 years ago. It's not some

thing that astronomers give much thought to. But if you look around any

American Astronomical Society meeting, the maleness of the crowd is

topped by its overwhelming whiteness" [13, p.33].

How can we begin to achieve real diversity when so few women and

minorities decide on science and engineering as a career? Short-tenn

attempts at choosing the best qualified candidates will not do the trick when

the numbers are so small.

In the long run, Clayton believes [13, p.34]:

If we could increase the diversity of people entering astronomy, then we could

make the profession more diverse. But we are left with a chicken-and-egg

situation: It's difficult to attract more women and minorities into astronomy

when so few are already in the field. For this reason, I still favor promoting

diversity in an active way. For all the faults of affirmative action-not to men

tion the present job market, which makes those who favor affirmative action

reluctant to attract anyone into astronomy-it is the only game in town.

SUMMARY
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This chapter provided a detailed examination of the job search process. It began

by looking at how new positions are established, what departments look for in

new faculty, how to find out what is available, and the time frame for academic

openings in your field. It then discussed the preparation of your application mate

rials including cover letters, curriculum vitae, and letters of recommendation.

Conferences, campus visits, and the all-important academic job talk were looked

at next. Jobs outside academia and how to accept one of them while keeping your

options open for a future academic position were then discussed. The chapter

concluded with a vignette examining the impact of increasing job competition on

the goals of affirmative action, and the quest for diversity among faculty on

college and university campuses.

In Chapter 7, we looked at how to identify the academic possibilities of

greatest interest to you. This chapter was about applying for specific academic

positions. Chapter 9 is about getting the results you want. In it, we first look at
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what happens if you receive an offer, or offers, and how then to negotiate

arrangements that help ensure the best possible start as a professor. As noted

earlier, not everyone will receive a desired academic job offer the first time

around. What to do if this is the case is discussed in somedetail, with the goal of

betterpositioning you for another look at academic positions.
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CHAPTER 9

Getting the Results

You Want

Remember, what you are negotiating is the start-up package, not iust the start-up

salary. How you start out can make all the difference in how well you do, so be
sure you get the resources you need at the beginning.

SusanMontgomery. AssistantProfessor, Chemical Engineering

University of Michigan

If you have received one or morejob offers that are of interestto you, congratu
lations; yourhardworkis payingoff!However, yourworkis not over. Whileyou
are feeling the understandable euphoria of a hard-won job offer, you need to stay
focused on your ultimate goal: getting the resources you need to enhance your
chances of professional and personal success. Getting these resources usually
takes somenegotiating.

Chapter 9 begins by discussing the approach you need to take to such
negotiations. It examines, in some detail, 11 key principles for responding to
academic job offers. The specialproblems facedby dual-career couplesin which

one, or both,members are seeking faculty positions are examined next, and also

in the vignette at the end of the chapter.

In spiteof all yourhardworkandoftenfor reasons beyondyourcontrol, you

may not receive an offer, or may receive one that is ultimately unacceptable.

What to do under suchcircumstances is lookedat in the section, "What to Do if

You Do Not Get the OfferYou Want." Through the application of the Multiple

Option approach, you will have identified other possibilities such as part-time

appointments or positions in government and industry that will enable you to

keep open the possibility of a regularfaculty appointment in the future.

221
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YOUR NEGOTIATING APPROACH

There is something important you must do before you begin your negotiations.

You must go from seeing yourself as an applicant who is seeking a job offer to

seeing yourself as an applicant who has received a job offer. Most job seekers

nevermakethis criticalshift, and it can cost themdearly. Whenyou wereapply

ing for academic positions, your power relative to the search committee, the

department chair, and the dean was quite low. It was the committee who could

selector rejectyou. Nowit is you whocan also selector reject thecommittee and

the administrators to whom they make recommendations. It is the committee

who has also put in significant time and energy to get to this stage, and who has

a vested interestin bringing its efforts to a successful conclusion. The reputation

and judgmentof its members are also on the line. This relative shift in power is

shown in Figure 9-1.

Relative power positions before and after iob offer.

III

Before iob offer•••

After iob offer•••

Committee

'"
ｾ

Committee

Applicant

•
Applicant
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Do not misunderstand; this negotiation period is not a time for arrogance.

Do notoverestimate yourpower. Yet, in the excitement of having a job offer, you
must also think carefully about what it will take to ensure your chances of
success in what couldbe a lifelong employment decision.

Negotiating an academic job offer is not like negotiating the purchase of a

houseor car,whereyouare looking for the mostfor the leastup front, and where

youdo not expectto have an ongoing relationship with the seller. Nor is it like a

contract between two partieswho will remain in their separate domain (supplier

andbuyer, unionand management), even whenthereis a continuing relationship.

It is about becoming part of an organization and a group of people with

whom you will have a significant relationship. You want to get the things you

need to increase yourchances of success, whileremembering that you are going

to workwith these peoplefor years to come.

Certain agreements need to be in writing for everyone'sprotection. Writing

also clarifies understandings, and keeps the record straight. On the other hand,

you cannotexpect to get all contingencies, such as the specific coursesyou will

teachanda long-term guarantee of summersupport, lockedin aheadof time.You

have to decide what you can take as statements of good faith from your future

colleagues and what you must have firmly spelledout in writing.

The key question is: What resources do I need to be successful? The depart

ment wants to know this as well; after all, consider their investment. Funds

to help support research assistants, and specific laboratory equipment, will

probably make sense. A reduced teaching commitment in the beginning might

also makesense, but may not be as easy to negotiate. At the same time, a comer

office, an excessive starting salary, and travel perks will almostcertainly not be
greeted with enthusiasm.

By all means, do not ignore what it takes to make you and your family
happy. But remember the difference between needs and wants. The department
will try to meetall yourneeds, but not necessarily all your wants. You may need
a computer, but wantan officewitha view. If youget theofficeyouwant,be sure
it is not at the expense of the computer you need.

Also, your idea and the department's idea of what you need may differ
simply out of misunderstanding or ignorance. You are in the best position to

know your needs, but in trying to meet them, be open to approaches that you

might not have thought about. The department may not have the computer you

need, but may be willing to work with you on obtaining it as a gift from a local

technology company.

Thekey is to try to makeit a win-win for bothyouandthe department. Shon

Pulley, assistant professor of chemistry at the University of Missouri-Columbia,

pointsto this example: "In explaining to the department why I neededa particu

lar piece of equipment, I also pointed out how other faculty could benefit from

its use, and how its acquisition would count as a matching contribution toward
additional grant support. "
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GENERAL PRINCIPLES FOR RESPONDING
TO ACADEMIC JOB OFFERS

Martin Ford, associate dean of the Graduate School of Education at George

Mason University in Fairfax, VA, has formulated 11 general principles for

responding to academic job offers. They are [1]:

1. Make sure you have an offer.

2. Know what you want-and what you do not want.

3. Clearlycommunicate what you want-but only to the right people.

4. Always try to use your work quality or productivity as the rationale in

your negotiations-align your goals with those of your employer.

5. Make requests in an informational manner rather than in a controlling

manner.

6. Negotiate hard on things that are "out of bounds"; negotiate moregently

on things that are "in bounds."

7. Learn about the tenureprocess, but do not get hung up on it.

8. Start as high as you can in institutional prestige.

9. Get as high a starting salaryas you can, but be realistic.

10. Createoptions, and keep as many open for as long as you can.

11. In making a decision, combine logic and emotion.

Ford's advice applies to a wide range of disciplines, not just education. Let

us take a closer look at his principles as theyapply to negotiating academic posi

tions in scienceand engineering.

1. Make Sure You Have an Offer

As Ford puts it [1, p.l]:

If it's not from someone authorized to make an offer (e.g., a dean or department

head), it's not an offer. If it's not in writing, it is not an offer. Therefore, the appro

priate response to an oral Hoffer" of a job, salary or fringe benefit (e.g., moving

expenses, research space, etc.) is to "put it in writing."

Ford notesthat gettingsucha statementmayrequireyou to put the offer into
writing, and then ask for written confirmation that what you have written is

indeedwhat is beingoffered. This advicemaysoundobvious, but it is sometimes

forgotten, usually at the applicant's peril. I recall the following situation:
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A geology professor at a midwestern university who wanted to change schools

applied for a position on the West Coast. His campus visit and academic job talk

went very well in his opinion, and he was quite encouraged. One person on

the search committee even called him aside during his visit to say that he was
particularly supportive and enthusiastic. Three days after his interview, he received

a call from the housing officeat the school, asking if he wanted any help in finding

living accommodations. Even though he had not heard officially from the search

committee or dean, he began to let the wordout to his colleagues that he expected

an offer, and if it came,he wouldtakeit. Acoupleof weekswentby without a word.

Finally, he called the chairman of the search committee, and was told that the

position had gone to another candidate from, of all places, the applicant's own

department! Whetherthe schoolwasjust keeping him on the hook while it pursued

his colleague, or whether therewas somegenuine confusion (remember the housing

office), does not matter. He had spoken too soon, and it cost him dearly with his

department colleagues.

2. Know WhatYou Want-And WhatYou Do Not Want

Here, Ford is referring to the kind of exploring we discussed in Chapter 7.

Specifically, he suggests the following [I, p.l]:

Find out as much as you can about what academic jobs are like-salary, working

conditions, workactivities, workexpectations, and lifestyle considerations. Alsofind

outas muchas youcanaboutalternative jobs youmayconsider. Usethis information

to determine the boundary conditions of whatis possible on thesedimensions.

In so doing, give some thought to how you will spend your time as a
professor, as well as your life outside the institution. Think both in terms of

personal goals such as the need to be challenged, freedom of choice, desire
to contribute to society, as wellas morespecific job characteristics suchas teach
ing assignments and summer support. Also,considerwhatwouldmakethe offer,
as Ford puts it, "fatally flawed." It may be that location, salary, or research sup
port are simply belowyourminimum expectations. Usethe aboveinformation to
negotiate the best offer you can consistent with your in-bound needs.

Acolleague of minewasoffereda nontenure trackteaching professorship in

the Industrial Engineering and Engineering Management Department at Stanford

University. This type of position had some particular advantages for him, such

as little research or publication pressure, but it also provided little long-term

security. Nevertheless, for my colleague, physical proximity to high-technology,

telecommunications, and banking companies as well as someof the "Big Eight"

consulting firms wasessential because of the consulting opportunities and possi

ble future job prospects they mightprovide. Stanford wasone of the few schools

in the country that provided this environment.
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3. Clearly Communicate What You Want-But Only
to the Right People

This point is important. You do not want people to thinkyou have poorjudgment.

You also do not want to share confidential information with your future col

leagues who might be in a position to resent what you may have achieved.

According to Ford [1, p.l]:

Discussions with potential colleagues and students should be focused primarily

on intellectual concerns. Do not discuss salary, or fringe benefits, unless you are

talking to the person who will be making the offer (e.g., the dean or department

head).One possibleexception-often it is appropriate to communicate someof your

non-monetary objectives and concerns to your "host" (typically a member of the

Search Committee), especially if they involve getting your work done (e.g., space,

equipment, research and teaching assistants-but not salary, moving expenses, or

housingassistance).

The negotiating process itself can take many forms. A chemistry professor

had this experience:

When I had my final exit interview with the chairman of the department and the

chair of the search committee, they asked me what I thought my start-up expenses

would be. I had prepareda list prior to my interview trips, and presentedit to them.
As a result, they already had a pretty good idea what I wanted for a start-up pack

age. When my initial offer arrived, they offered what I had on my list plus some

additional equipment. This initial offer made my negotiation very easy. The final

offer was amended slightly to include more money for equipmentI felt the depart

ment should have already but did not, and an increase in the moving expenses. All

negotiations were over the phone with the department chairman, and we used a Fax

machine to move the counteroffers back and forth. When everything was settled,

they Faxed a copy of the offer and sent the originalby FedEx for me to sign. I real

ly think my negotiations went very smoothly, mainlybecauseof the initial list I put

together. This approach allowedme to avoidedhagglingover a lot of little things.

Here is the experienceof a physics professor:

All my negotiations tookplacebeforethe offer letterwasactuallysent.The dean had

insisted on getting all the details about salary and start-up funds straightened

out before she would sign off on the offer letter. The process took place almost

exclusively bye-mail, between me and the chairmanof the department. AlthoughI

visitedhim in June to verify some of the things we had discussedelectronically, the

letter had alreadybeen drafted by then.

It is important that you be forthright in your approach, and not worry that

the school is going to withdraw its offer becauseof it. A professorat a large mid

westernresearchuniversity alwaysassumedthat she would workat a community
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college after graduation, and so when the university made her an offer, she was

overwhelmed. As a consequence, shedid not ask for much. "I just askedfor min
imum student support, but later I was told I should have asked for full support
for two graduate students for five years," she remarked.

What you ask for is not as important as the way you ask for it. Thus, princi

ple #4.

4. Always Try to Use Work Quality or Productivity
as the Rationale inYour Negotiations-Align Your Goals
with Those of Your Employer

Ford pointsout that [1, p.2]:

Employers will respectyou even if your requests seem excessive if the underlying

goal is to do a betterjob (e.g., seed grants, RA, computer, and a more manageable

initial teaching commitment could significantly enhance productivity; a higher

salary, moving expenses, or housing assistance could enable you to focus on your

job ratherthan seekextraneous summeror consulting income).

Let us take your initial teaching assignment as an example. As we will see

in Chapter 11, "Insightson Teaching and Learning," getting startedon the right

foot with respect to teaching is important, not only becauseyou will be doing it

on a regularbasis,but because if you startout badly, it is hard to recoupand tum

things around later on. Thus, you want to be sure to have a manageable assign

ment in your first year, one that biasesyou for success in teaching.
Most departments will agree in principle with this goal. A few may

even havepolicies that help you achieve it in one wayor another. In mostcases,
however, you will have to negotiate such arrangements. For example, what if
the department says it is sympathetic to your request for a reduced teaching
commitment in your first year, but unable to honor it? They say you will be

replacing someone whotaughta regularnumberof classeseach semester, and so
that is what you are going to have to do.

Okay, but do not give up too easily. You mightrespond by askingif you can

borrow aheadwith anotherfaculty member who wouldtake one of your classes

the first semester in exchange for your teaching one of hislherclasses later on.

Other waysof simplifying your initial teaching assignment might include:

• Teaching a course previously taught by someone who is willing to loan

you copiesof their lecture notes,exams,and homework assignments.

• Reducing the number of different courses you will teach, and thus the
number of different preparations you will have.

• Team teaching a sectionof a class in whichyoucan sharethe lecturenotes,
exams, and homework assignments with other professors.
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• Teaching a class with fewer students. There is a big difference between a

class with 30 students and the sameclass with60 students.

• Receiving additional TAhelp, particularly in laboratory classes.

• Teaching twoclasses backto backand/orhavedays without anyclassesso

you can blockoff time to do other work.

Sometimes, youcan negotiate tradeoffs thatget you whatyou need,whileat

the same time making a very positive impression. David Kazmer is an assistant

professor in the Mechanical Engineering Department at the University of
Massachusetts. In his first roundof negotiations, the department offered to cover

his salary for two summers so he could continue to do research. Kazmer coun

tered with a request for salary support for the first summer, but in exchange for

the second summer, askedfor summersupport for twograduate students. He was

confident that he could generate his support on his own, and consequently the

department was delighted to make the requested trade-off.

Examples of offer letters from various types of institutions appear in

Appendix E, "Sample OfferLetters."

5. Make Requests in an Informational Manner Rather
than Controlling Manner

Notes Ford [1, p.2]:

Psychological research clearly indicates that people are much more likely to respond

positively to feedback (such as a response to a job offer) if they perceive it to be

an honest attempt to inform rather than a manipulative attempt to control behavior

or to gain personal resources. This principle is especially applicable to situations

involving the negotiation of multiple offers.

Suppose you are not offered the graduate student support you requested.

Ratherthan saying that you must have the support to do your research, and you

cannot ｾ ･ ･ any way of accepting the position unlessyou get it, think aboutwhat

is behind your request. Try asking a few questions of the department chairman.

These might include:

• Is my request out of line or is it a matterof available resources?

• What ways have faculty in my situation gone about obtaining help with

their research?

• Are thereother ways that I can obtain help?

• Is there a way that I can apply, perhaps with the department's help, for

additional resources?
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The department should want you to succeed, and by asking questions, you

can determine whatother approaches mighthelp you do this.

6. Negotiate Hard on Things that are "Outof Bounds,"
Negotiate More Gently on Things that are Illn Bounds"

This is a significantpoint not always appreciated. Ford refers to it this way [1,

p.2]:

Since a job offer is worthless if there are "fatal flaws" in it that put it "out of

bounds,"you shouldstandfirm on requestsdesignedto fix these flaws.On the other

hand,you can probably affordto compromise (or even give in) on things that are "in

bounds" (i.e., satisfactory but not ideal). Some satisfactory elements of a job offer

may become"fatal flaws," however, if you are negotiating multipleoffers.

If having a contract that givesyou time to do consulting is important to you,

then bring it up. If the reason is the extra income it brings, then try negotiating

on salary. If it is the impact such consulting can have on your various forms of

scholarship, then you need to make that case more forcefully since additional

salary will not provide this experience.

7. Learn about the Tenure Process, But Do NotGet Hung Up on It

Here, Ford notes [1, p.2]:

Tenure decisions are too individualized to enable you to use this as a majorcriterion

exceptin extremecases.However, makesureyouknowwhetherthejob beingoffered

is tenure-track, and get it in writing. A verbal assurance that a non-tenure-track job

willeventually becometenure-track shouldnot be trusted, so get it in writingas well.

I agreewithFordthat youcannotexpectto knowall the detailsabout tenure
criteriain advance of a decision that willnotbemadefor five-six years. It is also
difficult, particularly in your role as a candidate, to pin faculty down about a

process that is oftenpurposely left somewhat vague. (More on this in Chapter 14,

"Insights on Tenure"). There are, however, some basic things with respect to

tenure that you should explore prior to accepting an offer. It is important to

understand what the department sees as its role in promoting, and rewarding the

various forms of scholarship introduced by the Carnegie Foundation for the

Advancement of Teaching and discussed throughout this book. The degree to

which thediscovery, integration, application, anddissemination of knowledge are

valued by a department in its promotion and tenure decisions are often correl
ated with the university/college/department's mission, vision, and goals.
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Unfortunately, as we saw earlier, not all administrative entities within a given

institution share the same mission, vision, and goals. Also, for some institutions,

the aboveare likely to changesignificantly over the nextdecade. Yet, it is entirely

appropriate for you to at least inquire as to whether your department knows the

above factors well enough to quantify your expectationsof performance in order

to achieve tenure. As Albert Henning, who was an assistant and then associate

professorof engineering at DartmouthCollege for over eight years, puts it:

Ideally, the department's tenure expectations should be put forth in writing, but this

is rarelythecase.Yet, thedepartment shouldknow whatrole theapplicant is expect

ed to fill, and what weight to give each of the four possible areas of scholarship.

The candidate should (sincetenure decisions are madeby the entire tenured faculty)

confirm theseexpectations, at least informally, with tenured members of the search

committee.

8. Start as High as You Can in Institutional Prestige

You can probablymove down the institutional ladder,but it is almost impossible

to move up any significantdistance. However, keep in mind that at some schools,

the ratings of one department may exceed, by a considerabledegree, the ratings

for the school as a whole.

In additionto knowingwherea schoolor departmentis on the prestigescale,
you also want to know which way it is heading. As noted in Chapter I, some

schools are clearly making the effort to move up, and they are often willing to
hire the very best young faculty by making available the necessary resources.

9. Get as High a Starting Salary as You Can, But be Realistic

Here, Ford makes the point that [1, p.2]:

A higher starting salary means that future percentage increases will be based on a

higher number, thus accelerating your salary at a somewhat faster pace (all else

beingequal). On the other hand, assistant professor salaries fluctuate only within a

verynarrow range, so that there's usually not much point in pushing too hardon this

component of thejob offer.

You do not want to lose a lot of points with the dean by bargaining for an

extra $2000 - $3000 in salary. Remember, what you are really negotiating is the

start-up compensation package. Academic year salary is only one part of this.

Summer income opportunities, consulting time, support for travel, and housing

assistance all have an impact on your standard of living. Note: sometimes dis

sertation committee members and other mentors can provide good information

on whether an offer is equitable and reasonable.



Chapter 9 Getting the Results You Want

10. Create Options and Keep as Many Open as You Can
as Long as You Can

Here,Ford notes [1, p.2]:
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Be an active, engaged job seeker-make sure all of the options you would like to

haveareexplored. Bepatientandplanful-don't makeanydecisions youdon't have

to makeunless youare certain that otheroptions are closedor less attractive.

In otherwords, do not assume that youhave to say yes rightawayto anyjob

offeror risk havingit withdrawn. Responding to an academic job offer is one of

the most important decisions you will ever make so take your time. Unless you

are absolutely certain that you do not want a job, do not rush to say no.

Remember point 1: if you do not have an offer in writing, do not eliminate other

possibilities until you absolutely have to do so. As we will see in the section,

"What to Do if You Do Not Get the OfferYou Want," an offer that does not look

so goodright now may look more attractive if other optionsdo not materialize.

11. In Making a Decision, Combine Logic and Emotion

Ford's final point is this [1, p.2]:

A thorough evaluation of a job offer should combine thoughtful analysis of the

degree to which it affords the attainment of desired outcomes ANDan appreciation

of the fact that emotions are also designed to provide this same kind of evaluative

information. If these two kindsof evaluations conflict, you should workhard to try
to resolve the discrepancy. In the end you have to trust your gut. If you feel really

negative abouta job, don't take it unless youcan resolve whyyoufeel this way.

As notedin Chapter3, consequential decisions often involve emotional con
flict. Psychologists like to talk about"postdecisional regret"followed by periods
of "bolstering" whenreferring to decisions suchas whether or not to get married,
go to graduate school, or take a particular job. After making such decisions, we
often spend a period of time thinking about all the reasons why we should not

have done so. We usually do this no matter which way we decided to go. The

"postdecisional regret" often lasts in one form or another until we are able to

implement the decision. Then we usually shift to "bolstering," in which we tell

ourselves, and others, all the positive reasons why we made the decision. Both

feelings and actions are appropriate. Postdecisional regret is natural with deci

sionshaving significant prosandcons,whichis thecase withmostbigdecisions.

Bolstering is our wayof supporting ourselves duringthe initialperiodin the new

activity. Thus, if you acceptan offer in, say, April, but do not actually arriveon

thejob until the following September, you shouldexpectto feel bothanxiety and
excitement in the intervening six months.



232 Part III Finding and Getting the Best Possible Position

Remember also that you do not have to do all your negotiating and decision

making alone. Talk to your advisors, your student and post-doc colleagues, and

others whose opinion you respect. They will have their own perspectives and

motives, of course,but takentogether, their inputcan be helpful in comingto the

right decision.

There is one more matter of significance. I recently served on a search

committee looking for a new assistant professor in the Electrical Engineering

Department at Stanford University. Our top candidate was a graduate student

fromthe University of Wisconsin. The committee wasso impressed withhis visit

and job talk that we made him an offer on the spot. This offer was made in

late February at a time when the San Francisco Bay Area was experiencing an

unusual heat wave, with temperatures in the high 80s. As the candidate and I

walked across the campus, noticing that some professors were holding classes

outdoors because it was so hot, I asked him if he had any questions. He stopped,

turned to me, and said, "Just one. Do I have to return to Wisconsin to finish my

degree, or can I just stay here and start right now?"

He did indeed have to finish, and if you are a Ph. D. student, so do you.

Almostnothing couldbe moredifficult than tryingto begina faculty assignment,

with all the demands it entails, while at the same time trying to complete a dis

sertation at an institution that youhave left.Do notdo it. Finishyourdegreenow!

DUAL-CAREER COUPLES

Dual-career couples, those in which both members are professionals, are now
quite common. A subsetof this group is couples in which one memberis a pro
fessor, and a still smallersubset is the group of couples in whichboth members
have academic careers. Here are a few examples:

Jeff KoseffandThalyaAnagnos are married professors of civil engineering, but not

at the same institution. Anagnos is professor and chairman of the Civil Engineering

Department at San Jose State University, and Koseff is professor and chairman of

theCivilEngineering Department at Stanford University, some25 milesto the north.

Kirk Schultz and Noel Schultz are married professors in different departments

at Michigan Technological University. Kirk is an associate professor of chemical

engineering and Noel is an assistant professor of electrical engineering.

Enid Steinbart and her husband, Lew Lefton, are both professors in the same
department (mathematics) at the University of NewOrleans.

Findingpositions for suchcouples, or solvingthe so-called "two-body prob

lem," presents both a difficulty and an opportunity. For couples in which one

member is seeking a position outside academia, the probability of success



Chapter 9 Getting the Results You Want 233

increases with the size of the metropolitan area in which they are looking. This

increased probability existseven thoughthe competition is also greater in larger

areas. In smallercitiesor towns, the numberof possibilities in a givenfield may

become vanishingly small. Thus, for couples in which one member is not an

academic, larger metropolitan areas afford a greater likelihood of employment,

and this fact, of course, has an impact on where the other member looks for

academic positions.

If both members of the couple are looking for academic positions, then the

sizeof the geographical area is less important sincethereis likelyto be onlyone,

or at most two, colleges or universities with openings in any city or town.

Thesecouples do facedifficulties. As KirkShultzpointsout, "the likelihood

thatbothmembers of thecouplewillbe the firstchoiceof theirrespective depart

mentsis quite small, given the specialties involved, and the need of a goodfit. "

Yet, under certain circumstances, if a school makes a special effort to

accommodate the employment needs of two-career couples, it can often "land"

exceptionally good applicants who, if applying alone, might have gone else

where. The University of Nebraska has such a program, and during the last few

years, has been able to hire someexceedingly good professors because of it.

The chances that theseprofessors will remain at the institution are alsoquite

goodfor the samereason; therearejust fewersimultaneous opportunities at other

universities. A couple at the University of Chicago struggled together toward

tenure duringtheir first sevenyearson thejob. They both received it at the same

time, after whichone of themremarked, only somewhat in jest, "Now we really

can't go anywhere."

A question that often arises is: When in the application process shouldyou

raisetheissueof careeropportunities foryourspouse? Theanswer is: sooner rather
than later, but not too soon. It is probably nota goodideato bringit up in yourini
tial cover letter, but you should discuss it during your initial campus visit. Most
search committees nowanticipate thatemployment of a spouse willbean issuefor
many applicants, and appreciate the opportunity to consider howtheycan help.

If both members of the couple are applying for academic positions at the
sameschool, thereare special considerations. Theseare described in somedetail
in the vignette on BrianLove and Nancy Love at the end of this chapter.

WHAT TO DO IF YOU DO NOT GET THE OFFER
YOU WANT

Suppose that, after all your time and hard work,not to mention emotional effort,

you end up without a job offeror with an offer that you cannotaccept. What do

you do now? First, understand that it is certainly normal to feel disappointment,

anger, rejection, worry, and even embarrassment. Under such circumstances, we
naturally look for someone, or something, to blame, including ourselves.
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Perhaps you did not get an offer because someoneon the search committee

disliked you from the start, you were asked all the wrong questions during your

interview, or the winning candidate was known before the search began and the

department was just going through the motions. You might imagine that your

advisor wrote a less than glowing letter of recommendation, or that he/she is to

blame for admitting you into a Ph. D. program in the first place without know

ing, or caring, about the poor job market.

If the above does not make you feel better, you can always blame yourself.

Should you have researched the department more thoroughly, written a better

cover letter, given a better academic job talk, or not asked for so much support?

And now what about the future?Has all this work been for nothing, and will you

ever get the kind of job that you want?

All of these reactions are normal, and indeedexpected. If you do not accept

them and deal with them now, it will only take you longer to moveon to the next

stage. Talking with others is usually a good way to start. You are certainly not

alone, and knowing that you are not will help. Most of the time, it has little or

nothingto do with you. I have been on a numberof searchcommittees and have

talked to many others who have also served on such committees, and in most

cases, we would have gladly taken our second, or even third, choice if it had

come to that. This fact may not make you feel any better, but it should. If it

applies to you, then your chances of getting a job the next time around are

certainly better, particularly if you learn from your recent experience.

The Decision to Try Again

First, you have to decide if there will be a next time, if you want to try again. I

would certainly hope that you do. Pursuing an academic career is too important
a matter, and you have too much already invested to stop now. Next year will

most likely be a differentjob market, and you will be a differentcandidate. You

will have finished your dissertation, or published more articles, or have your

dissertation revised and accepted for publication. You may have a year or more

of postdoc experience. You may have some additional teaching experience.

Evidence shows that for most candidates, persistence does payoff [2].

The next step is to consider the possibility that one of the reasons you did

not get an offer was, in fact, becauseof something you did or did not do.

A recent postdoc in high-energy physics applied to a numberof schools for

beginning assistant professorships in physics. He wrote what he thought were

very effective, targeted cover letters, emphasizing his interest in the school and

in undergraduate teaching. His CV pointed to the teaching experience he had

acquiredat night in a localcommunity college.Yet, in spiteof all his thoughtand

effort, he received rejection letters from every school to which he applied.

Disappointed as he was, he mustered the courage to call each school.After...some

prodding, he learned that as soon as the search committee saw "high-energy
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physics" at the top of his application, they put it in the reject pile. As noted in

Chapter 8, mostschools haveno openings for faculty whowantto do high-energy

physics research because they have no facilities for such work. This applicant

was far more interested in just teaching physics, but he never got a chance to

make his case.On his second round of applications-which to date have resulted

in two job interviews-he rewrote his resume to deemphasize high-energy

physics, whileemphasizing his physics background in general, and his teaching

experience in particular.
Not all changes are this simple, of course. To get the information you need

in order to decide what to do, begin by contacting the people to whom you sent

applications or with whom you interviewed. Try to learn what you might do in

the future to improve yourcandidacy. You owe it to yourselfto obtain this feed

back,andyoucan get it if youaskfor it in the rightway. (You can alsoask a third

party, such as your advisor, to make some inquiries on your behalf.) Most

people will want to assure you that it was not you, that they simply had a more

appropriate candidate, or that they were looking for a particular specialty that

you did not have.

Do not settlefor such limited feedback. Explain that you will be applying to

other schools in the future, and that you would appreciate any specific insights

that would enable you to make a better case. Put this way, you are likely to get

responses that begin, "I thought your cover letter was pretty good, but a couple

of things youcoulddo are... " or "Your job talk went well,except that you spent

too much time... " This kindof feedback can makea realdifference the next time

you apply for positions. It could even get you a new look at the schools that

turned you down.

Examining Your Options

A major theme of this book has been the employment of the Multiple-Option
approach by which you prepare for possible positions in government and indus
try at the sametime you prepare for a career in academia. There are two reasons
for following this approach:

1. Giventhe relative weakness in the academic job market, such preparation

increases your chances of professional employment after graduation or

after a periodas a postdoc.

2. Such preparation actually enhances your attractiveness as an academic

candidate because interactions with industry and government are becom

ing a necessity for manyscience and engineering professors.

If you have followed the approach outlined in Chapters 4-6 and the recom

mendations in Chapters 7 and 8, then hopefully you will have generated some
options that fall within one of three categories:
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1. Staying in your present graduate student or postdoc position, with some

modifications for an additional one or two years.

2. Moving on to another, but still temporary position.

3. Moving on to a more permanent position.

Staying where you are, with some modifications, relieves you of the effort

required to meet new people and adjust to new surroundings. This arrangement

has its pluses and minuses. If you use the time to concentrate on the additional

things you can do to make yourself a stronger applicant, then it can be an advan

tage. If you use it to just .do more of what you have already done, then it will be

of limited value.

Rick Vinci had just finished his Ph.D. in materials science at Stanford
University. Ashe approached theendof his studies, he considered applying
for positions in both industry and academia. However, his wife, Michelle,
was a Ph.D. student in Spanish at Stanford, and two years from finishing
her degree. Vinci really needed to stay in the area while she completed her
work. Then bothof themcould look for academic positions. He knew that
staying on as a postdoc with thesameperson whowashisdissertation advi
sor had its drawbacks, so he decided to do so only if he could:

• Have the opportunity to publish additional articles on his thesis topic, an

area in which no start-up time was required,

• Identify another area of research, different from that of his dissertation, in

which he could establish expertise,

• Generate research proposals in this new area,

• Have full responsibility for teaching a course,

• Mentor both graduate and undergraduate students.

Vinci was able to take advantage of what, and who, he already knew, and

at the same time significantly expand his portfolio for the academic job search

to follow.

At the same time, moving to another position puts you in a different setting

with different people, and this might afford you the opportunity to look for

an academic position from a new perspective. One possibility is a full-time

teaching position with a fixed term appointment.

SallyVeregge wasolderthanthe typical doctoral student when shereceived
her Ph.D. She had had many yearsof experience in the health care industry
when she entered a doctoral program, and could have easily gone back to
sucha position. As it turned out, SanJoseStateUniversity in SanJose,CA
liked to hire people with experience, at least in biology. Veregge was not
offered a full-time tenure-track job (someone else got it), but wasoffered a
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full-time temporary position. There was the potential for a tenure-track
position whenthe temporary job ended,but certainly no guarantee. Veregge
asked that they evaluate her annually in the same way as they would have
for a tenure-track position so if such a position openedup, she would have
a goodchanceof getting it. Duringher two-year temporary period, she was
treatedin everywaylike a regularfaculty member. Twoyears later, she did
get the tenure-track position after it was advertised and she applied for it
like everyone else.

Another possibility is a temporary position in government or industry.
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After completing her Ph.D. at Columbia University in biology, Cynthia
Hemmenway decided to join a postdoc program at Monsanto, which has a reputa
tion for its research strengths in plant biology. "I had a really good feeling that I

would be able to do well there in terms of publishing, be in an area that is moving
quickly, and at the same time learn a little bit more about how companies work,"
says Hemmenway, now anassistant professor at North Carolina State University [3].

If, on the other hand, you do not want to continue to actively apply for

academic positions, then it is time to move on to a more permanent position in

government or industry. In doing so, you might want to keep your options open

by teaching part time at a local college or university in the evening. Such expe

riences can provide their own rewards while keeping your "credentials" up for

possible academic positions that you might want to apply for in the future.

The Dual·Career Job Search

Greater attention is now being paid to the problems dual-career couples

face in finding positions in the same town, city, or metropolitan area. These

problems are particularly acute when husband and wife are seeking academic

positions. The following vignette discusses the experiences ofa couple in which

both members ultimately found positions at the same university.

Brian Love

Nancy Love

Virginia Polytechnic Institute and State University

Husband and wife professionals face enough problems in finding
employment in the same city or town. When they are both academics,
finding positions at the same institution, and in some cases even the same
division or department, can be particularly challenging.

Brian and Nancy Love met as undergraduates at the University of
Illinois at Champaign-Urbana. There,Brianobtained a bachelor'sdegreein
chemistry and a master's degreein metallurgy and mining engineering, and
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Nancy a bachelor's degree in civil engineering and a master's degree in
environmental engineering and civil engineering. Following graduation in
1986, both tookjobs in Dallas,TX, and they marrieda year later. In August

1989, Nancy left Dallas for Clemson University in Clemson, SC to begin
work on her Ph.D. In December 1990, Brian acquired his Ph.D. in materi

als science and engineering from SouthernMethodist University in Dallas,
after whichhe took a postdocat GeorgiaInstitute of Technology in Atlanta,
GA. Nancy finished the experimental workfor her Ph.D. in civilengineering

from Clemson in December 1993. They both wanted to pursue academic
careers. Of course, to work in the same geographical area, if not at the same
university, wasa sine qua non for them.

Brian and Nancy followed a typical job search strategy, sending out

vitae and cover letters to those who advertised job openings. Briandecided
to mention his wife in his cover letters,but Nancydid not mention Brian at
all in her applications. Once a university showed interest, however, Nancy

or Brian would directly tell the dean or a memberof the search committee

that they were looking for jobs together. HWe had agreed ahead of time to

not compromise-we were a package," says Nancy. They were going to
work in the same area, even if one of them ended up in industry. HWe tried

to put the most positive light on everything," recalls Brian. But they were
not going to both accept faculty jobs hundreds of miles away from each

other. "There was a period whenjust the same time zone would have been
enough," says Nancy, "but not anymore. "

The reaction from the search committees and deans was generally
positive. "Nobody withdrew the interview trip, and some places tried to

leverage their industrial base," saying that the spousemightbe able to work
in the local industry, commented Brian.They found that some schoolseven
have official programs for dual-careercouples. For example,the University
of Nebraska at LincolnofferedNancya tenure-track faculty positionwhose
package included a "Faculty Fellowship"-a year's stipend for her hus
band. However, they found an even better opportunity at the Virginia
Polytechnic Institute and State University (VA Tech).

Nancy was invited to give an academic job talk to the Civil Engineer

ing Department at VA Tech. A professoron the searchcommittee took note

during her campus visit when Nancy mentioned that she and Brian would
comeonly as a package. This professoralso knewthat Brianwasbeingcon

sidered for a position by the Materials Science and Engineering

Department. So when she finished second in the civil engineering search,

and Brianmadethe short list in his search, the professorbroughtNancyand
Brian's situation to the attentionof the dean of engineering and the provost.

Anagreement was madeto considercreatinga faculty position in civilengi
neering for Nancy if Brian ended up number one in the materials science
search. He did, and both received job offers from VA Tech. They made the
move to Blacksburg, VA later that year. (Nancy completedher Ph.D. from
Clemsonin June 1994. l''Brian and I are finally living together, after seven
and a half years of marriage," exclaims Nancy (they had been apart much
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of the timewhilegetting theirPh.D.s). Nowtheyare goingthrough the new
professor experience together.

Although their schedules vary from week to week, the common
denominators areclasses, dinner, and working in theevenings. Bothare still
making it through teaching theirfirst setsof classes. Brian,for example, has
taught two new classes and two classes that have been taught before.
"Couplethis with tryingto writeproposals," says Nancy, "and we bothend
up working a great many hours every week." Both have windows in their
offices, and Brian comments that: "Sometimes I can look across the way
and see her lighton-we can almostcommunicate by semaphores."

Their weekly time together tends to be at dinner, which they have out
in local restaurants. How about weekends? "Our weekends tend to vary,
depending on who's got whatcrunchcomingup," remarks Nancy. "Another
married couplein environmental engineering toldus that all youdo the first
two years is eat, sleep, and work. We don't want this to be a long-term
thing."

Both Brianand Nancyare enjoying the experience, although it leaves
them wornout at times. As Brian says, "I am happy about the experience,
but I neverexpected so muchwork. The students are the bestpartof thejob,
the fact that theyare willing to workso hard.They makethe job worthit. "

Nancy is trying to fill her pipeline with proposals and teaching. One
thing on her mind is what will happen when children come along. She
wants to haveher lecture noteswellorganized andprepared, andto haveher
research goingsmoothly, so that she may have time for her kids.

Reflecting on the job search, Nancy observes:

There are a few universities with official programs for dual-career couples.

Although Virginia Tech does not have such a formal program, they made an

extra effort to work with us. I think some deans recognize that they may lose

top qualitypeopleby not beingflexible.

Clearly, flexibility andtheright match arekeyingredients in making a dual
career couple academic job search successful. With flexibility and optimism,
Nancy and Brian Love diligently sought the right pairof job offers. Theysuc
ceeded in their search, and are now traveling the dual academic career path
together at thesame university.

SUMMARY

239

We began thischapter witha lookat the negotiation process, examining in some
detail II principles to guide your response to academic job offers. We then

discussed some of the special problems faced by dual-career couples, in particu
lar those in which both members are seeking faculty positions. We concluded by
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discussing how to apply the principles of the Multiple-Option approach if you

did not receivean academic job offer,or receivedone that is unacceptable to you.

Your shift froma graduate studentor postdocto beginningprofessoris going

to be exciting and dramatic. At this stage, probably the most valuable thing

you could do would be to ask a half dozen professors at the institution to which

you are going about what they feel it takes to succeed as a beginning professor.

If you chose the right allies, champions, and mentors, the advice you receive

could be invaluable. It almost certainly will not all be the same, but out of such

discussions there is bound to come a flood of specific ideas that will help you

avoid major pitfalls, while concentrating on those critical behaviors that will

increaseyour chancesof success.

In the nextpart, "LookingAheadto YourFirstYears on the Job,Advicefrom

the Field," we do the next best thing by capturing key insights for success from

science and engineering professors across NorthAmerica.
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CHAPTER 10

Insights on Time Management

As a graduate student my prevailing thought was, "If I can just find a good
problem," or "If I can just find a way to prove this conjecture." As an assistant

professor, my prevailing thought was, "If Ican just find the timet"

Terri Lindquesten Associate Professor of Mathematics

Rhodes College [1, p. 6]

SEnlNG THE STAGE

There is a common thread running through every conversation I have had with

over 70 faculty in all science and engineering fields from all types of colleges

and universities. It is the huge number of tasks on everyone's plate, the challenge

of figuring out how to do any of them well, and the difficulty of finding a way to

have enough time to just sit and think. In late November, I had dinner with a

group of professors at an American Chemical Society meeting in San Francisco.

A faculty member from the University of Michigan remarked that it was on the

four-hour flight from Detroit that she had had the first opportunity since

the semester began (in early September) to have a private block of time all to

herself. The nods from the others at the table made it clear that she was not alone.

As a new faculty member, you need to find ways to manage your time and

tasks efficiently (doing things right), and to control what you put on your plate

in the first place (doing the right things). If you do not do both, all the effort you

put into your professional work will be for naught: you will simply burn out, and

in the process endanger your career and your relationships with the people you

care most about.
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Whileit maycomeas a surprise to our colleagues in industry, academics are

every bit as caught up in the multitasking, cycle-time reduction, work-anytime

anywhere operating mode with which industry is now so familiar. Beginning

faculty in particular tend to place excessive expectations on themselves to do

outstanding jobs in their teaching and all other forms of scholarship, whileat the

same time making sure they are fully available and accommodating to their

colleagues, students, and families. Finding ways to manage these conflicting

demands can be the key to developing a successful career and a rewarding and

satisfying personal life.

There is hope. The vignettes that follow are about faculty who have made

good progress in managing their time and their lives.They wouldbe the first to

admit they do not have the problemsolved, not by a long shot. Yet, the insights

their experiences offer can be helpful to us all.

In Vignette #10, Alison Bridger, professor of meteorology at San Jose State

University (Master's I institution), introduces the conceptof "establishing your

absence," i.e., of beingawayfromcampuson a regularbasis to workon projects

without interruption.

In the next vignette (#11), Kim Needy, from the University of Pittsburgh

(Research I institution), talks about going beyond time management to personal

management, whichinvolves focusing on important tasks leading to the achieve

ment of long-range academic goals.

In Vignette #12,Paul Humke, a professor of mathematics at St. OlafCollege
(Baccalaureate I institution), describes the valueof always having something "on
the burner" if you want to make the most creative use of your time.

In our last vignette (#13), Thalia Anagnos, chair of the Civil Engineering
Department at San Jose State University (Master's I institution), describes the
things a department chair can do to help new faculty find more time. (Note: It is
a vignette that you mightwant to showdiscreetly to yourown department chair.)

These vignettes are followed by a look at four books with advice that I and

other faculty havefound particularly helpful in managing our timeand our tasks.

We will focus on a contribution from each of them in a specific area. The areas

are (1) sources of faculty stress, (2) faculty efficiency, (3) the urgency addiction,

and (4) achieving balance in our lives.

Establish Your Absence

For me the real key came when I realized the value of "establishing my

absence." I began by spending every Thursday at NASA, and was amazed at

how much I could accomplish. I could collaboratewith my colleaguesfor peri

ods of time that just weren't available to me back on campus.
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So saysAlisonBridger, a tenuredprofessorof meteorology at San Jose

State University in San Jose, CA, a 30,OOO-student Master's I institution
with a strong teaching mission and no Ph.D. students. "At my kind of insti
tution,you have to makeresearch a priorityat least someof the time every
week; otherwise, everything else will fill all your available time," warns
Bridger. She advisesfaculty in similar situations to:

Realistically assess youroptions. Find outwhat facilities, laboratory space,
computing resources, andgraduate student support will beavailable, might
be available, or will never be available. If it is never going to be available,
then look around your neighborhood; youmight be surprised at what you
find.

What Bridger found was the NASA/Ames Research Center in
Mountain View, CA, about 15 miles northwest of campus. "I began inter
actingwithone personon a project, then I addedanotherand another, to the
point where I am now part of a whole research group," she notes. In con
cert with her group, Bridger has used a computer model to simulate the
globalflow of air aroundthe planet Mars. Like Earth, Mars has tides in its
atmosphere, and Bridgerand her colleagues study the relationship between
these tides and the huge dust stormsappearing on the planet.

Now, Bridger is able to publish papers with herself as the first author

and her NASAassociates as coauthors. "But this didn't happenovernight,"
she says. "It took a lot of work and regularmeetings to get to this point."

Beingawayfromcampusoneday a weekhas yieldedotherbenefitsfor
Bridger.

I find it really helps to go somewhere else to think and set up. This time away

from campus enables me to work on important, nonurgent things I would oth

erwise ignore. Plus, my students and colleagues are now accustomed to the fact

that at certain times during the week, I will not be in my office.

What else does Bridgerdo to manage her professional life?

You have to consider all the ways, big and small, that you spend your time.

Student advising consumes a lot of time, as does class preparation, all of which

takes time away from your research. While I always strive to give my best

effort to teaching, it is possible to overdo writing up lecture notes. I was a per

fectionist in my teaching, but if you let it, class preparation can take all of your

available time.

Bridgeralso suggests that you look for ways to reduce the complexity
associated with your initial teaching assignment. One way is to teach more
thanone sectionof the sameclass.Anotheris to ask to see the lecturenotes,
from which you can build your own syllabus, of a senior faculty member
who has taught a class you are now teaching for the first time. With this
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approach, you can still do a good job of teaching while also setting aside
time for other things.

How does Bridger handle the pressures and responsibilities of being
one of six professors in a smalldepartment? "I give my best effort,and then
I don't worry myself to death," she says. "The only way you can do every
thing everybody wants you to do is to overdo it and work all hours of the
day."Doing so, Bridgerbelieves, can do great damage to both your profes

sional and your personal life. "In academia, there is a syndrome of worka

holics whose marriages break up, and they die early," she admonishes. For
Bridger, "It got to the point where I said, 'This is what I can do; take it or

leave it.' All you can do is give a sustained, but realisticeffort."

Bridger established her pattern of balancing teaching and research
earlyon in her career. By settingthis expectation for herself,she also helped
set the expectations that others had for her. With some satisfaction, she
notes, "The process has made it possible for me to have a successful
professional career balancedwith time for a satisfyingpersonal life."

Set Long-Term Goals

One of the biggest transitions you will experience in going from graduate

student to professor is the loss of closure. As a student, you knew when a course

was over, when your dissertation was finished, and when you got your degree.

As a faculty member, things always continue. You teach your course again, you

modify your paper one more time, and you attend those committee meetings

forever.

For Kim Needy, a tenure-track assistant professor of industrial
engineering at the University of Pittsburgh in Pittsburgh, PA (Research I
institution), knowingthat thereare thingsthat will alwaysneeddoingmeant

having to be realistic about expectations if she were going to devote her

limitedresources to what was really important. She remarks:

You can neverget it all done,and this is something you needto understand

and accept. We used to say just work harder, or longer. Fine, in the short

termwhenyouare facing a deadline, but if youmakeit the ruleand not the

exception, you are setting yourselfup for disaster.

For Needy, reaching a "comfort level" with not beingable to do every
thing was a turningpoint:

With some things, "good enough" is indeed just that. Time spent doing

one thing means time taken away from another, and there are some really

important, long-term things I have to pay attention to if I'm going to survive in
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academia. It doesme no goodto be the idealprofessor, always available to my

students, and fully accommodating to my colleagues, if in the end I don't get

tenure and am no longerhere for anyone.

Needy takes her teaching responsibilities very seriously, and devotes

considerable time to them. She notes, however, that teaching preparation

time can be more like a gas than a liquid or a solid. In other words, it will

fill all the space available to it if you let it, a point made by Bridger in our

previous vignette. "You can always add a case study, always improve an

overhead, and always revise a handout," she exclaims. "At some point, you

have to put a box around it and say, 'enough.' "

The same is true with respect to service. "Women in engineering are

frequently asked to serve on committees, counsel women students, and

serve as role models," Needy states. "My advice is to really limit your time

to only those service activities with the highest payoff. For assistant

professors, this usually means focusing on the needs of your department

rather than on those of the institution as a whole. Again, if you don't, you

won't be here in the long run for the people you care most about helping."

The key, according to Needy, is to follow author Steven Covey's

advice and establish long-term goals, and then block off time on a regular

basis for tasks that help you achieve those goals. (See the "In Addition"

section later in this chapter.) Echoing Bridger's point in the previous con

versation, Needy says:

The only wayto do this is to be somewhat selfish withyour time. I'm usually

herefrom7:30a.m. to 6:30p.m.,and I can neverfindmorethanan hourto do

anyone thing. But one day a week, I stay at homeand workon my research,

my writing, and my coursedevelopment.

Such an approach also helps Needy make the switch from traditional

time management where we create to-do lists to personal management

where we manage ourselves by focusing on relationships and results, not

just things and time.

In terms of relationships, Needy has observed some encouraging signs

in recent years. She notes:

In industry, it is common for people to worktogether in teams. In academia, we

teach about the benefits of doing so, and we even have our students working

this wayon projects. However, for a long time,we as faculty didn't "practice

whatwe teach." I thinkthingsare beginning to change. I haveobserved much

morecollaboration within andacrossdisciplines, andtheresultis betterpapers,

betterproposals, and morecreative ideas. Furthermore, it savestime.

Needy is also a strong believer in physical activity as a way of balanc

ing mental and physical stress. She is able to do so while continuing to

develop creative and supportive relationships. As she describes it:
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Every Friday, no matter how busy we are, a bunch of faculty and students in

the Industrial Engineering Department drop what we are doing and go for a

five-mile run. We do it as a team. We often talk about school but do it in a

relaxed way that also does wonders for our mental well-being.

Keep Something on the Burner

I remember the transinon from graduate student to faculty member; the

stunning new demands on my time, the responsibilities for curricularmatters

I'd neverthoughtabout, the energylevelnecessary to do myjob. The foremost

question I had about my professional career was whether I would even have

one!And I wanted one! [1, p.l]

Although it was over 25 years ago, Paul Humke still recalls those
feelings of anxietyand stressas a beginning faculty member. Humkeis now
a tenuredfull-professor of mathematics at S1. Olaf College,a 3500-student

Baccalaureate I institution in Northfield, MN, some 50 miles south of

Minneapolis. Since his early days as a professor, Humkehas thoughtabout
how faculty can best manage their time, particularly when it comes to
responsibilities outside the classroom, i.e., research, service, and other

professional duties. As he observes, "We hear a lot today about schools
wanting to place a greateremphasison teaching, but at places like S1. Olaf,
where teaching is the primaryactivity, those of us who also enjoy research
have to look for ways to make it a part of our professional life."

Keeping something on the burner is an approach Humke has found
particularly effective. As he puts it:

If you let your work lie dormant for a month or two, or in some cases even a

weekor two, yourefficiency drops tremendously. Whenyou get back to work,

you find yourselfspending a great deal of time bringing yourselfup to speed

with the workyou did previously.

As one wouldexpect from a mathematician, Humkestated his point in

the form of an equation:

WUT =k exp(TL)

or "warm-uptime necessary to return to a problemincreasesexponentially
with the time that has lapsed since you last workedon it."

Humke and others have also discovered that the value of "k" increases
withchronological age.He toldthe storyof a colleague whoremarked [1, p.9]:
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WhenI was young I'd spendfive minutes "warming up" and then I was ready

to work. When I was a bit older I had to spend twenty minutes warming up

before I wasbackintomywork. Nowit seemsI spendall mytimewarming up!

By keeping something on the burner, you minimize your warm-up
time. Humkeexplainsit this way [1, p. 10]:

It is important to have a problem you can workon whenever you have a spare

minute. I realizeresearch often takes long periods of concentrated work,but it

helpsa greatdeal to havesomeaspectof yourproblem to thinkaboutwhenyou

havea freeminute or two,whenthepartybecomes dull,or yourlunchdate fails

to showup.

John Hennessy, dean of the School of Engineering at Stanford
University, reinforces Humke's commentwhen he says:

You need to keep yourcreativity cycles free, and the best way to do this is to

havesomething to workon in yourheadwhenyou are walking acrosscampus,

sitting in a dull meeting, and riding in a car. Doing so also keeps you from

thinking abouta lot of trivial, negative stuff that isn't helpful anyway.

Humke also makesthe pointaboutsettingasideblocksof timefor pro
fessional work. It is a themewe haveheardover and over again,but Humke
managed to state it in a particularly powerful way:

I treat my research time the way I treat my class time. It's high priority, and I

don't cancel myresearch timeunless I would cancel a classfor the samereason.

Primary responsibility for your professional development, Humke
emphasizes, lies with you. He recognizes that there is an important role to
be playedby your institution, dean, and department chair, but faculty have
to take the initiative. As Humkeputs it:

There are many who believe that if the university doesn't pay for "IT"'or

I don't have a grant to pay for "IT," I won't do "IT." "IT" can be attending a

conference, visiting a research colleague, or buying books. This is a profes

sionally dangerous attitude, particularly in times of financial famine. It is

important to set aside a bit of both time and money specifically for your own

professional work. You can hopefor helpwitheachof these,and indeed should

expect some help in certain areas, but ultimately you have to take the lead in

looking out for your long-term development.

One exampleof the kind of help you can expect from an enlightened
institution is described in our last vignette.

251



252 Part IV Looking Ahead to Your First Years on the Job-Advice from the Field

How to Help New Faculty Find the TIme-One Department Chair's Approach

I reallygot dumped on as a new faculty member. I was given all the duties no

one else wanted, suchas faculty advising for the studentchapterof the Society

of Women Engineers, servingon an outreach committee visiting varioushigh

schools, and a myriad of othercommittee and administrative assignments. I'm

not sayingthese thingsaren't valuable in some way; it's that as a youngfacul

ty member, they wereoverwhelming at the time I was tryingto get my feet on

the groundprofessionally.

So remembers ThaliaAnagnos, currently a tenured professor and chair
of the Civil Engineering Department at San Jose State University in San
Jose, CA. Now, she tries to protect her young facultyfrom similar situa
tions. "I don't buy the argument that because we had to suffer, they should
as well," she says.According to Anagnos:

Some chairs let their new professors flounder. They bring them on board,

assume theycan do it all, leave themon theirown,and give them no direction.

Unless they are lucky enough to have a mentor, they try to figure it out by

themselves and,notsurprisingly, the resultsare notas positiveas theycouldbe.

This is especially true at a metropolitan institution like San Jose State with a

large commuterstudent population, few master's students doing research, no

Ph.D. students, and very few (if any) teaching assistants or graders.

Anagnos tries to explainto her oldercolleagues that the goalposts have
moved, and the expectations for youngfaculty are different from what they
were 20 yearsago. "Our seniorprofessors need to understand this, and help
by picking up more of the administrative and service loads," she remarks.
She goes on to say:

Weshouldbe askingourselves what we can do to help youngfaculty get their

scholarship program going,not,"Howcan I unload lotsof busywork on them?"

I am not sayingyoungfaculty shouldnot get involved; they should. But not to

the point wherethey are undera pile saying, "Help, I can't get out!"

As chair, Anagnos often gets calls from people who want to ask
her newer faculty to help out with their committees. Instead, she usually

recommends some midcareer people who have established scholarship and
would probably be a lot better for the particular committees. "When I
explainto them in a nice way why I am saying 'no' [to their requestfor the
new faculty member], people usually understand," comments Anagnos. At
times, however, she will help young faculty by recommending that they
serve on certain committees where they can gain visibility, learn how the
college functions, and makeconnections.
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Chairs can help in other ways with respect to workload. Take, for

example, teaching assignments. Anagnos is expected to have her faculty

average 17 students per class, four classes per semester. However, if a

professor teaches three classes, two with 17 students and the third with 35

students, the commitment can be considered equivalent to four classes of 17

students per class. Or, if the number of students taught by a faculty mem

ber in one semester is very high, as chair she can give the faculty member

released time the next semester. She uses this system to give young faculty

teaching assignments requiring fewer preparations, or to allow them to

borrow ahead to get started on research. As she points out, "Young faculty

everywhere need to understand that they do not have to take what they

are given blindly; they can ask if there are alternatives. If they have a good

reason, something can usually be worked out."

Much of Anagnos's motivation comes from the unexpected turn of

events leading to her appointment as department chair at the age of 36. To

reduce costs, the California legislature approved an early retirement plan

for faculty. Three senior professors in her department of ten retired in one

week, right in the middle of the semester-"It was awful," she recalls.

"Suddenly, after being there only eight and a half years, I became the chair.

It was difficult, particularly since I was much younger than the other depart

ment chairs."

By all accounts, Anagnos has taken well to her new responsibilities,

but she remembers her initial experiences well enough to take steps to help

others get started on the right foot. And she also has the sympathetic sup

port of her husband, who is a professor of civil engineering at Stanford

University. "He was recently named chair of his department," she remarks

with some glee. "Now he understands what I have been complaining about

for all these years!"

IN ADDITION: SOURCES OF FACULTY STRESS,
FACULTY EFFICIENCY, THE URGENCY ADDICTION,
AND ACHIEVING BALANCE IN OUR LIVES
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In addition to the insights provided in the above conversations, there are

resources youcan tum to in helping you manage yourtimeand your tasks. Four
particularly helpful books are:

• Coping withFaculty Stress, by Walter Gmelch [2],

• Teaching Engineering, by PhilipC. Wankat and FrankS. Oreovicz [3],

• First Things First, bySteven Covey, Roger Merrill, andRebecca Merrill [4],

• The New Faculty Member: Supporting and Fostering Professional

Development, by Robert Boice[5].
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Let us lookat thecontributions thateach of these bookshas to makein a spe

cific time management area. The areas are

1. Sourcesof faculty stress (Gmelch)

2. Facultyefficiency (Wankat and Oreovicz)

3. The urgency addiction (Covey et al.)

4. Achieving balance in our lives (Boice).

Sources of Faculty Stress

Walter Gmelch, author of Coping with Faculty Stress, interviewed more than

4000 faculty in more than 100 institutions across the United States, and in so

doing, identified five major sourcesof stress [2, pp. 26-27]:

Reward and recognition-Inadequate rewards and insufficient recognition

in teaching, research, and service.

Time constraints-Having insufficient time to keep informed of current

developments and to prepare for classes, made worse by numerous meet

ings, interruptions, and other demands on faculty time.

Departmental influence-Attempts to influence departmental and institu

tional policies and direction, while at the same time recognizing that one
lacks authority.

Professional identity-High self-expectations and the realization that

professional identity rests upon the extent of scholarship, publications, and

presentations.

Student interaction-Conflicts with studentsover evaluating, advising, and

teaching.

Upon further analysis, Gmelch found [2, p.27]:

As faculty received tenure and moved to higher academic ranks of associate and

full-professor, not all areas of faculty stress declined...only the stress from time

constraints and professional identity declined with age and experience... Married

women professors experienced more stress from time constraints and personal

identity. Overall, some stress factors are associated with lower rank and untenured

statusas well as gender, marital status, age, and experience.

Gmelch points out that there is a difference between distress and eustress.

Distress is caused by negative stress such as conflicts with students or col

leagues, whereas eustress is positivestress whosesource is pleasantfactors such

as receiving tenure ｾ publishing a paper [2, pp. 2-5].] He goeson to list ten most

troublesome stress traps for professors. They are [2, p.24]:
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1. Imposing excessive, high self-expectations.

2. Securing financial support for scholarship.

3. Having sufficient time to keep abreast of developments in the field.

4. Receiving insufficient salary.

5. Striving to publish one's scholarship.

6. Having too heavy a workload.

7. Job demands interfering with personal activities.

8. Feeling progress in career is not what it could be.

9. Receiving interruptions from telephone and drop-in visitors.

10. Attending too many meetings.
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The remainder of Gmelch's book deals with ways of coping with faculty

stress. His approaches are based on the following propositions [2, p.28]:

1. The individual is the most important variable; no single coping tech

nique is effective for all faculty at all institutions.

2. Faculty cannot change the world around them, but they can change how

they relate to it.

3. Coping techniques must be sensitive to cultural, gender, social, psycho

logical, and environmental differences in individuals and institutions.

4. Faculty who cope best develop a repertoire of techniques to counteract

different stressors in different situations.

5. A faculty member's repertoire of techniques should represent a holistic

approach to coping, such as exercise, social support, sound dietary prac

tices, self-management skills, personal hobbies, and supportive attitudes.

Coping with Faculty Stress is a small (85-page) book packed with a great

deal of practical advice. It should be on the desk of every faculty member and

university administrator.

Faculty Efficiency

Wankat and Oreovicz's Teaching Engineering is a gold mine of information on all

aspects of teaching. It includes an excellent discussion (Chapter 2) on faculty effi

ciency in which the authors talk about the importance of setting goals, establish

ing priorities, and preparing to-do lists, as well as how to operate more efficiently

while traveling and how to handle stress more effectively [3, pp.14-20]. It also

has some excellent suggestions on interacting with others (visitors, students, sec

retaries, and teaching assistants) in terms of both frequency and style.
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I found thecomments on workhabitsandon teaching and research efficiency
to be particularly relevant [3, pp.2Q-24]. Here, the authors reinforce manyof the

points made earlier in the vignettes. For example, in their discussion of work

habits, they talk about the advantages of having a second office or some other

place to go on a regularbasis to work in an uninterrupted way.

Piggybacking, or using the same work several times, is another important

efficiency tool.The most obvious application of this approach is the teaching of

the same course several times. Improving on what you have already taught

is often easier than starting over from scratch. You can also look for ways to

connect your research and teaching. One possibility is to teach a graduate class

or seminarin your research area. Withthis approach, as the authorsput it: "Time

spenton research will help you presenta moreup-to-date course,and time spent

on the course will help you better understand your research area" [3, p.2S].

Havinggraduate students in yourclass or seminarparticipate in literature search

es and summaries is also an efficient way to combine a learning experience

for them, with an added benefit for you, i.e., using such reviews in research

proposals, for example.

The authors also talk about the importance of avoiding perfectionism. As

they note, "manuscripts can be revised forever, and the reader will never think

they are perfect. At somepoint you have to let go and put out a less than perfect,

but not sloppy, manuscript. This samereasoning is applicable to other worksuch

as lectures" [3, pp.26-27].
Wankat and Oreovicz do caution you to seek a balance between efficiency

and effectiveness. Certain activities, such as starting a class period, tutoring,
mentoring graduate students, and building consensus within a department, if
rushed, can giveyoumoretimein the short run,but in the longrun are morecost
ly because they will not be done effectively.

The Urgency Addiction

In FirstThings First StevenCovey, Roger Merrill, and Rebecca Merrill, take an

approach to time management that goes beyondthe familiarreminders and lists,

calendars and appointment books, and even planning and prioritizing [4, pp.36

43]. It is the approach KimNeedy(Vignette #11)andothershavefoundso effec

tive. In Chapter2, "The Urgency Addiction," the authorsarguefor what is called

the "importance paradigm," or the putting of first things first by "doing what's

important rather than simplyresponding to what's urgent." They describe a Time

Management MatrixI consisting of four quadrants, each containing certain kinds
of activities. (See Figure 10-1.) Quadrant I is for important, urgent matters;
Quadrant II, important, nonurgent matters; Quadrant III, not important, but urgent

matters; and Quadrant IV, not important and nonurgent matters [4,p.37].

I Note:TimeManagement Matrix is a trademark of Covey Leadership Center,Inc.
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The TIme Management Matrix.
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Source: © 1994, Simon & Schuster, First Things First, Steven R. Covey, A. Roger Merrill, and
Rebecca R. Merrill. All rights reserved. usedwith permission of Covey leodershipCenter, Inc., 1
800·331·7716.
Note: TIme Management Matrix is a trademark of Covey leadership Center, Inc.

Forfaculty, examples of Quadrant I activities include certain meetings, class
lectures, student crises, and proposal deadlines. Quadrant II activities include
designing a newcourse, preparing aconference presentation, writing a book,and

supervising graduate students and postdocs. Quadrant III activities are such

things as some meetings, some phone calls, and some drop-in visitors. Trivial

busy work, i.e., junk mail, mindless gossiping, and somephonecalls, are exam

ples of time-wasting Quadrant IV activities.

Naturally, we spendtime doingthe things in Quadrant I. However, most of

us spend way too much time in Quadrant III, and not nearly enough time in

Quadrant II, which the authors call the Quadrant of Quality.

Writing this book was clearly a Quadrant II activity for me. In my case, it
meant staying home on Tuesday mornings and working in the evenings until my
wifecamehome around 9:00 p.m. (We no longerhavechildren livingat home.)



258 Part IV Looking Ahead to Your First Years on the Job-Advice from the Field

Once my wife came home, however, she became my Quadrant II activity, at

whichtime we wouldoften take a walk, talk, and give ourselves the opportunity

to listen to each other without the interruption of television.

By increasing the time in Quadrant II, we can reduce the numberof inter

ruptions in Quadrant 1. As Coveyet al. put it [4, p.38]:

Ignoringthis quadrant [Quadrant II] feeds and enlargesQuadrant I, creating stress,

burnout, and deepercrises for the personconsumedby it. On the other hand, invest

ing in the quadrant shrinks Quadrant I. Planning, preparation, and prevention keep

many things from becoming urgent.

Also, by understanding thatjust becausesomething is urgent does not mean

that it is important, at least to you, can help you reduce Quadrant III activities

and eliminate the need to "escape" to the mindless Quadrant IV activities.

Achieving Balance in Our Lives

In The New Faculty Member: Supporting and Fostering Professional Develop

ment [5, pp.46-49], Boice studied a number of first-year faculty who had

excelledat teaching, research, publishing, and networking. He labeledsuch suc

cessful people "quick starters." Quick starters rated the ability to achieve bal

ance as the single most important thing they had learned to do as new faculty.

By balance, they meantthree related things: (1) settingrealistic limitson lecture
preparation so it no longer dominated workweeks, (2) finding time during most

workdays to do scholarlywriting, typicallyabout four-five hours per week,and

(3) generally spendingas much time on social networking, on and off campus,
as on scholarly writing [5, p.46].

Boice lists four general principles practiced by quick starters: (1) involve
ment,(2) regimen, (3) self-management, and (4) socialnetworking [5,pp.46-49].

Quick starters become involved in the campus community early on. They

look for ways to collaborate with colleagues on research and proposal writing,

and engage colleagues in discussions about teaching. They ask other faculty to

guest lecture in their classes, and are willing to do the same for their colleagues

if asked.

Quickstarters understand the importance of managing their tasks (regimen)

in such a way as to take time for the long-term important things, including the

involvement described above. They find that they are less rushedand filled with

what Boice calls "business displays." In other words, more Quadrant II and

fewer Quadrant I activities. As one quick starterdescribed it [5, p.48]:

WhenI startedfeeling less rushed,less behind on everything, I began to do a better,

more reflective job of things. Anotherthing: I noticedthat I haven't talked as much

about how busy I am. And this, I'm sure is a signal to my colleagues and students

that I can be approached.
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Beingproactive in establishing positive interactions (self-management) with

colleagues and students is another characteristic of quickstarters. They also take

morerisks,or as Boicedescribed it, "are willing to communicate with superstars
in their disciplinary specialties or go to classes feeling less than perfectly
prepared" [5, p.48].

Finally, there is the importance of social networking. Quick starters under

stand the difference between independence and interdependence. They also, as

Boiceput it, "Let othersdo someof the work. [Theyare able] to relax the usual

proud autonomy so often characteristic of new faculty so that colleagues can

assist as coteachers, coauthors, and mentors" [5, p.49].

Boice's additional insights into the success of quick starters as teachers will

be examined in the next chapter.

CONCLUSIONS

The need to manage time and tasks moreeffectively exists in all institutions and

at all levels, and has received increasing attention during the last few years. Yet,

whenit comesto actualpractice, the resultsare almostalways a function of indi

viduals working alone. Within a given department, some faculty will be quite

effective at managing their personal and professional lives, and others will not.

Thus, it is you who has to take responsibility for striking the right balance, set
ting long-range goals, determining what you will and will not do, and deciding

how to carry out the myriad of tasks on your plate. You simply cannot rely on

yourdepartment chair, yourdean,or others in the administration to do it for you.
Remember, also, you cannotdo everything. You cannotpleaseeveryone, be

available to everyone, and at the same time be the ideal teacher and scholar.
There are certain things you must say "no" to, and other things on which it is
okay to do less than a stellarjob. Doing so will allow you to focus on doing an
outstanding job on what is truly important.

Anessential point,madeoverandoveragainby everyone interviewed, is the

need to set asideblocks of time on a weekly basis for long-term important tasks.

Making and keeping appointments with yourselfis the key.

Last fall, a new faculty member joined my department. Immediately, he

wentaboutestablishing his presence. He felt that it was all right to spendthe fall

and winterquarters "gettingahead" by always being available to his colleagues

and students because he wouldbe getting married in the springand would then

have to cut way back. He did get married in the spring, but of course he did not

cut back. By then, he had established the expectation of, and received the posi

tive strokes for, his universal availability, and it was now very hard for him to

change. Do not makesuch a mistake. Establish your presence and your absence

right from the verystart.
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CHAPTER 11

Insights on Teaching

and Learning

Dealing with theeducation/learning sideof our business overthe next tenyears

is going to be a tremendous challenge. The challenge is prompted in large part

by the increasing demands for accountability in our teaching. We are going to
have to rethink the whole educational enterprise, and in particular how we sell
(andpackage) our intellectual property towhatwill be a much broaderand more

varying constituency.

Michael Lightner, Professor of Electrical Engineering

University of Colorado at Boulder

SEnlNG THE STAGE

Teaching is something all professors do. It is, or at least should be, the main

reason why you chose to enter the profession. Teaching entails, as one faculty

member put it, "an intergenerational obligation," and for many faculty, it repre

sents their professional legacy. Getting started on the right foot with respect to

teaching is important in part because, if you start out poorly, it is hard to recoup

and tum things around later on.

Is it possible, then, to know what makes a good teacher? In a review

of almost 60 studies of student's descriptions of effective teachers, it was found

that concern for students, knowledge of subject matter, stimulation of interest,

availability, encouragement of discussion, ability to explain clearly, enthusiasm,

and preparation were at the top of almost everybody's list [1]. These student

assessments correlate highly with the assessments of good teaching from faculty

colleagues and administrators [2, p.12].
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Teaching, of course, is only one side of the education coin; the other is learn

ing. As Patricia Cross, professor of higher education at the University of

California, Berkeley, points out: "It is increasingly clear that effective teachers

must [also] have some basic understanding of the learning process. That means

that they are able to makeconnections between what studentsalready know and

what we want them to learn" [2, p.9].

As was pointedout in Chapter 3, a revolution is underway in higher educa

tion, one component of which has to do with the way professors interact with

their students. While many of the current computer and communications tech

nologies providenewwaysto carry out such interactions, theyare primarily tools

supporting a more basic transformation: the one from a traditional emphasis on

teachersand teaching, to a more fundamental emphasison learnersand learning.

According to Cross [2, p.12]:

The ultimate criterion of effective teaching, of course, is effective learning. There is

simply no other reason for teaching. But we are beginning to see that learning prob

ably depends moreon the behavior of students than on the performance of teachers.

Thus, research on teaching is shifting from observing how well the teacher is per

forming toobserving howwellstudents are responding. Goodteaching is notso much

a performing art as an evocative process. The purpose is to involve students actively

in theirown learning and to elicit from themtheir best learning performance.

Two educators who have contributed a great deal to our understanding of

teaching and learningare Richard Felder, professorof Chemical Engineering at
North Carolina State University, and Linda Silverman, director of the Institute
for the Study of Advanced Development in Denver, CO. Felder and Silverman

point out that differentstudents learn in different ways, that is, they have differ
ent learning styles. (See Figure II-I.) Different faculty also teach in different
ways, that is, they have different teaching styles. According to Felder and

Silverman, learning styles can be defined in large part by the answers to five

questions [3, p.675]:

1. What type of information does the student preferentially perceive: senso

ry (extema1)-sights, sounds, physical sensations, or intuitive (inter

na1)-possibilities, insights, hunches?

2. Through which sensory channel is external information most effectively

perceived: visual-pictures, diagrams, graphs, demonstrations, or auditory

-words, sounds?'

3. With which organization of information is the student most comfortable:

inductive-facts and observations are given, underlying principles are

I Other sensory channels-touch, taste, and smell-are relatively unimportant in most educa

tional environments, and are not considered by Felder and Silverman.
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Tea(hing and learning styles.
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TEACHING STYLES

1. Concrete or Conceptual

2. Visual or Verbal

3. Inductive or Deductive

4. Active or Passive

5. Step-by-Step or Global

LEARNING STYLES

1. Sensory orIntuitive

2. Visual or Auelitory

3. Inductive or Deductive

4. Active or Reflective

5. Sequential or Global

Source: Adapted from R.M. Felder, and l.K. Silverman, "learning and Teaching Styles in
Engineering," Journal of Engineering Education, vol. 77, no. 2. p. 675, copyright © 1988,
American Society of Engineering Education, reprinted with permission

inferred, or deductive-principles are given, consequences and applica

tions are deduced?

4. How does the student prefer to process information: actively-through

engagement in physical activity or discussion, or reflectively-through

introspection?

5. How does the student progress toward understanding: sequentially-in

continual steps, or globally-in large jumps, holistically?

Teaching styles, according to the authors, may also be defined in terms of
the answers to five questions [3, p.675]:

1. What type of information is emphasized by the instructor: concrete-fac

tual, or abstract-eonceptual, theoretical?

2. What mode of presentation is stressed: visual-pictures, diagrams, films,

demonstrations, or verbal-lectures, readings, discussions?

3. How is the presentation organized: inductively-phenomena leading to

principles, or deductively-principles leading to phenomena?

4. What mode of student participation is facilitated by the presentation:

active-students talk, move, reflect, or passive-students watch and listen?

5. What type of perspective is provided on the information presented:

sequential-step-by-step progression (the trees), or global--eontext and

relevance (the forest)?
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The challenge with respect to teaching and learning centers around recon

ciling the often differing styles employed in each. Problems occur, say Felder and

Silverman, because there are often significant mismatches between the learning

styles of most college students and the teaching styles of most college professors.

As they describe it [3, p.674]:

Learning stylesof mostengineering students and teaching stylesof mostengineer

ing professors are incompatible in several dimensions. Many or most engineering

students are visual, sensing, inductive, and activeand someof the mostcreativestu

dentsare global; mostengineering education is auditory, abstract (intuitive), deduc

tive, passive, and sequential. These mismatches lead to poor student performance,

professorial frustration, anda lossto society of manypotentially excellent engineers.

While acknowledging that the diverse styles with which students learn are

numerous, Felder and Silverman believe that the inclusion of a relatively small

number of techniques in an instructor's repertoire should be sufficient to meet the

needs of most or all of the students in the class. In particular, the authors suggest

the following techniques to address various learning types:

• Motivate learning. As much as possible, relate the material being presented

to what has come before and what is still to come in the same course, to

material in other courses, and particularly to the students' personal expe

rience (inductive/global).

• Provide a balance of concrete information (facts, data, real hypothetical

experiments and their results) (sensing) and abstract concepts (principles,

theories, mathematical models) (intuitive).

• Balance material that emphasizes practical problem-solving methods

(sensing/active) with material that emphasizes fundamental understanding

(intuitive/reflective).

• Provide explicit illustrations of intuitive patterns (logical inference, pattern

recognition, generalization) and sensing patterns (observation of surround

ings, empirical experimentation, attention to detail), and encourage all

students to exercise both patterns (sensing/intuitive). Do not expect either

group to be able to exercise the other group's processes immediately.

• Follow the scientific method in presenting theoretical material. Provide con

crete examples of the phenomena the theory describes or predicts (sens

ing/inductive); then develop the theory or formulate the model (intuitive/

inductive/sequential); show how the theory or model can be validated and

deduce its consequences (deductive/sequential); and present applications

(sensing/deductive/sequential).

• Use pictures, schematics, graphs, and simple sketches liberally before, dur

ing, and after the presentation of verbal material (sensing/visual). Show

films (sensing/visual). Provide demonstrations (sensing/visual), hands-on,

if possible (active).
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• Use computer-assisted instruction-sensors respond very well to it (sens

ing/active).

• Do not fill every minute of class time lecturing and writing on the board.

Provide intervals-however brief-for students to think about what they

have been told (reflective).

• Provide opportunities for students to do something active besides tran

scribing notes. Small-group brainstorming activities that take no more

than 5 minutesare extremelyeffective for this purpose (active).

• Assign some drill exercises to provide practice in the basic methods being

taught (sensing/active/sequential), but do not overdo them (intuitive/

reflective/global). Also provide some open-ended problemsand exercises

that call for analysis and synthesis (intuitive/reflective/global).

• Give students the option of cooperating on homeworkassignments to the

greatestpossibleextent (active). Active learnersgenerally learn best when

they interact with others; if they are denied the opportunity to do so, they

are being deprivedof their most effective learningtool.

• Applaudcreative solutions, even incorrectones (intuitive/global).

• Talk to studentsabout learning styles, both in advisingand in classes.

Studentsare reassuredto find their academic difficulties may not all be due

to personal inadequacies. Explaining to struggling sensors or active or global

learnersthat how they learn most efficiently may be an importantstep in helping

them reshapetheir learningexperiences so that they can be successful (all types)

[3, p.680].
Let us now examine the use of various teachingand learning styles through

examplespresentedin four vignettesof professorsfrom four typesof institutions.

Each professor has a unique story to tell. However, each of their approaches,

no doubt with some modifications, could be effective at almost any college or

university.

In Vignette #14, we see how Sheri Sheppard, a mechanical engineeringpro
fessor at Stanford University (Research I institution), develops teaching styles

that more closely match the learning styles of her students. Sheppard believes

this matching can be done by approaching teaching in the same way as one

approaches a design problem,since both involve the task of figuring out how to

present a given body of material in a variety of ways. She then discusses five

pedagogical elements all new professors should focus on if they wantto encourage

effective learning.

In the next vignette (#15), Martin Ramirez, a biology professorat Bucknell

University (Baccalaureate I institution), points out that there is a lot more to

learning science than listening to a professor's lecture. Ramirez believes in the

importance of using nonlecture approaches such as reading original scientific

papersand usingwriting-intensive exercisesleadingto groupprojects,classroom
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debates, and oral presentations. Echoing a number of Sheppard's comments,

Ramirezdescribes seven principles he believes will motivate students to become

engaged and responsible learners.

In Vignette #16, Rollie Jenison of Iowa State University (Research I institu

tion) describes a unique multidisciplinary design program involving teaching

teams made up of professors from many different departments. These teams

often include new professors who are able to obtain a cross-disciplinaryexperi

ence through a highly interactive,yet supportive, environment.The program has

an innovative teaching evaluation component involving not only students, but

faculty peers. It is modeled after a much more extensive effort involving 12

schools that have joined forces under grants from the Williamand Flora Hewlett

Foundation and the Pew Charitable Trusts to develop new prototypes for peer

review of teaching of both tenured and nontenured faculty' [4].

The last vignette (#17) is about Jo Anne Freeman, chairman of the Industrial

and Manufacturing Engineering Department at the California Polytechnic State

University-San Luis Obispo (Master's I institution). She describes what her

school calls the "upside-downcurriculum," which gets students involvedearly in

the work of their chosen discipline. Freeman offers a number of suggestions for

faculty who want to adopt elements of such an approach in their own under

graduate teaching.

These vignettes are followed by a look at advice from four additional read

ing resources, each in a specific area. The areas are (1) characteristics of suc

cessful teachers, (2) course planning, (3) technology in teaching and learning,

and (4) developing a teaching portfolio. Together with your own efforts to

engage knowledgeable professors, they should help you develop the confidence

you need to successfully begin the teaching portion of your academic career.

Five Elements of Effedive Teoching

A teaching challenge can be approached in much the same way as a design

challenge. The samebodyof material can be presented in any number of ways.

In design, and in teaching, youjust have to keep tryinguntil you find the way

that works best.

This is the view of Sheri Sheppard, a tenured associate professor of
mechanical engineering at Stanford University (Research I institution) in
Stanford, CA.

2 The 12participating schools are:Indiana University-Purdue University at Indianapolis, KentState

University, Northwestern University, Stanford University, Syracuse University, Temple University,

University of California-Santa Cruz, University of Georgia, University of Michigan-Ann Arbor,

University of Nebraska, University of NorthCarolina-Charlotte, and University of Wisconsin.
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Sheppard earned a bachelor's degree in engineering mechanics from
the University of Wisconsin and a master's degree in mechanical engineer
ing from the University of Michigan, while at the same time working at
Chrysler Corporation in Detroit. She then went on to earn a Ph.D. from
Michigan, also in mechanical engineering.

At Stanford since 1986, Sheppard teaches classes ranging from large
lecture courses for undergraduates to small graduate seminars. Someof her
students are"distance learners," whowatch classeson television offcampus,
which createsadditional complexities in lecture preparation and execution.

In 1988,Sheppard wonthe StanfordTauBetaPi Award for Excellence
in Undergraduate Teaching, and has been similarly honored by the Society
of Women Engineers at Stanford. As coprincipal investigator for Stanford's
participation in the National Science Foundation Synthesis Coalition, she
developed the course "Mechanical Dissection: A Lab-Based Study of
DesignContext."

Among the elements defining Sheppard'sown teaching style are flex
ibility, a degreeof spontaneity, and the willingness to deviatenowand again
fromthe curricular "script.""For example, the nightbeforea lecture, I may
get the idea that freezing some Bit-o-Honey bars, bringing them in [to
class], and pounding them on the table wouldbe a good way to illustrate a
talk on brittle fracture at cold temperatures," says Sheppard.

Sheppard notes that, "Excellentteaching is only that if it affects excel
lent learning." Heradviceto startingprofessors is to focuson five elements:
(I) awareness of teaching and (2) learning styles, (3) course infrastructure,

(4) creatingcommunities, and (5) continual assessment.
Teachers need to be awareof their own teaching style so they can use

it as the base uponwhichto buildand improve. Sheppard did a "self-study"
of her own style, and came up with the following:

Interactive, I respond to questions real-time, high-energy, fast-paced-which is

sometimes a problem-I tend to be problem-driven in my motivation; I don't

like to do details on the blackboard; I tend to give handouts instead; I like to

use a combination of board work and overheads, change the medium .. .1 like to

include hardware; I'm spontaneous to a certain extent; I tend to be playful.

Sheppard likes to have students experience problems in three ways:
analytically, synthetically, and in a hands-on, real-world manner. "I want

them looking around at the physical world, and seeing how what they're
doingappliesto that world,"she says."I bringin case studies; I bringin real
peoplewho are doing real engineering."

Sheppard echoes Felder and Silverman's point about the need for
teachers to be aware of, and adapt to, students' varying learning styles.As
she notes: "Some students are, for instance, more sensory than cerebral in
perceiving and processing information. You need to be sensitive to aug
menting your natural style with some other tools that help you to reachout
to these students."
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Regarding course infrastructure, Sheppard explained that the "scaffold
ing" around a course usually falls into two categories: the "stuff" category
and the "people" category.

"Stuff' essential to classes includes things liketextbooks, course readers,
andcreative useof electronic mailto communicate withgroups of students. It
alsoincludes the teacher's willingness to be available to students at more than
just the standard times.

Sheppard believes thatprofessors andothersinvolved in teaching should
"create communities that overlap-a learning community and a teaching
community." As sheexplains, "I'm a verybigadvocate of encouraging team
workin class (active learning), in having students see themselves as notjust
one student in a classof 100, but as colleagues."

"Building a teaching community is also important," notes Sheppard.
"In general,teaching is doneas this privatething: yourcolleagues don't ask
what you do in there. We don't ask, in part, because we're respecting our
colleagues." There is much to be gained from "bouncing ideas off other
people," she notes. One way is to coteach a course with another faculty
member.

When Sheppard first came to Stanford, she sat in on other courses
taught in thedesign division so thatshecould"learnaboutwhatthe students
were learning in the classes preceding mine. It was an incredibly valuable
experience," she recalls.

Sheppard'sfinalpoint is about the importance of continual assessment.
Teachers, she says, shouldalways be asking themselves: "Is it working? Is
there excellent learning going on?"

Insteadof waiting until a course is over to get feedback from students,
Sheppard promotes involvement of teachers fromday one. She likes to poll
her students from the start, "to get a sense of what courses [they have]
taken, something about their valuesand motivations."

"You also have to realize that as a professor, you are doing more than
professing," she notes, "you are listening to their frustrations." She adds,
"Realizethat they havea lot more weighing on them than yourclass, and a
lot of the thingsyou do will be put in the properperspective."

Developing Engaged and Responsive Learners

Reading original science papers is a learning experience for undergraduates

since doing so is a rarity for most of them. Normally, they have a professor

tellingthemhow thingsare in a nice,complete, tidy package, so it is a real rev

elationto actually readpapersthatestablish particularfactsand findings talked

about in class.

This tool is just one of the innovative active learning approaches
Martin Ramirez has taken throughout his five years of teaching science at



Chapter 11 Insights on Teaching and Learning

liberal arts colleges in California and Pennsylvania. "What students find

is that doing science is often 'messy,' " notes Ramirez. "It is fraught with

difficulty, complexity, and unexpected challenges in the field and in the

laboratory." Consequently, researchers sometimes have to make the best of
a less than ideal situation, and as Ramirez points out, "They often make
glaring, or not so glaring, mistakes or omissions." He observes:

The amazing thingfor students is to find that someof this material was actually

published hasis." "Didn't thejournaleditorspickupon this mistake?" or "Why

do theymakethisconclusion in theirdiscussion whentheirdata do not support

such a conclusion?" Yes, there's a lot more to doing science than you would

ever pick up on by just hearing a professor lecture, which is why I think

students should wade in deep and get familiarwith the literature concerning a

particular subject, and then have to make sense for themselves of what it all

means, how it all fits together, and what the big picture is.

Martin Ramirez is a nontenured assistant professor of biology at
Bucknell University, a Baccalaureate I institution of some 3700 students in
Lewisburg, PA. He graduated with a Ph.D. from the University of
California at Santa Cruz in 1990, after which he servedfor two years as a
lecturer in the Biology Department at PomonaCollege in Claremont, CA.
He then beganhis current tenure-track appointment at Bucknell. Ramirez's
research and teaching assistant experiences during his undergraduate days
at LoyolaMarymount University in LosAngeles, CA, convinced himof the
benefits of teaching at a small liberal arts college.

At collegeslike Bucknell and Pomona, notesRamirez, the faculty/stu

dent ratio is very high, providing opportunities for individual interaction
and attention often impossible at larger institutions. Faculty tend to know
each other better, and students interact with professors more often, which
results in a more intimate environment. Not surprisingly, at such places,
undergraduate teaching receives considerable emphasis. Since upper divi
sion class sizes tend to be small, on the order of 10--20 students, innovative
teaching approaches are possible. Forexample, in addition to having students
read and discuss papers from the original literature, Ramirez's courses at
Bucknell and Pomona are writing-intensive, and often culminate in group
projects and oral presentations.

Ramirez emphasizes the importance of having students share their
knowledge with their peers (and with him) in oral and written form. As he
pointsout:

There are manythingsyou learn from assembling a body of data for presenta

tion to an audience: the display of information graphically, the ability to sort

out that which is real1y important from that which is not, and so forth. When

secondary schools(and even colleges) had public speaking as a normal part of

the curriculum, I think students had a much better chance to develop those

skillsof speaking, writing, synthesizing information, being critical about what

one reads, and the valueof evidencethat are really the keys to success in any
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job/profession. In all my courses. I have tried to have students engage in chal

lengingpresentations. discussions.and debates; to try to do my part to cultivate

that set of skills which old-time public speaking/debate used to nurture.

Ramirez also encourages students to work in groups which, as he
notes, matches what theywillbe doingwhen theygo out intoa research set
ting in academia or industry, or into any job or profession in the increas
inglyglobal, networked world. "The soonerwecan help students get up to
speed on learning to work with their peers to accomplish a common goal,
the more quickly such skills will become second nature," says Ramirez.

What Ramirez teaches depends, of course, on the context of related
courses and student preparation. But how he teaches is based on a set of
principles designed to motivate students to become engaged and responsi
ble learners. These principles focus on seven areas:

I. Active learning/involvement(fosters a sense of ownership in the

course, via nonteacher-centeredclass sessions, in which teachers

and students have particular roles to play each day).

2. Awareness and understanding of diversity (shows respect for

variations in style, culture, points of view, and strategies).

3. High expectations (in a supportive manner, expects a high level

of excellence from students).

4. Mutual feedback (provides regular opportunities for student/
faculty and faculty/student feedback, and input into the evalua

tion/structuring of course activities).

5. Student/facultyrelations(takes a personalapproach with students

that is honest and caring).

6. Practice (providesample opportunitiesfor students to work on or

grapple with concepts/probiems in such a way that they develop

a history of success with the material).

7. Cooperative learning (encourages the formation of small groups

to study, present material, and jointly deal with field/laboratory

projects).

It is not difficult to see similarities among Ramirez's approach, the

teaching and learning styles discussed by Felder and Silverman, and the

undergraduate scholarship experiences advocated by Ernest Boyer, late

presidentof the Carnegie Foundationfor the Advancementof Science, in

the vignette at the end of Chapter 1.
Clearly, for Ramirez, teaching at liberal arts colleges has yielded

numerous rewards and considerable satisfaction. "Working at places that
subscribe to the teacher/scholar model and that also provide appropriate
resources has been a real plus," he states.
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Team Teaching in an Interdisciplinary Program

Imagine a series of multidisciplinary design courses taught by teams of professors

assigned to a service unit, and possessing degrees from a variety of engineering

departments. Alsoimagine these professors participating in anevaluation process

involving notonlytheirstudents, but theirfaculty colleagues.

Rollie Jenison, a tenured professor of general engineering at IowaState
University in Ames, lA, is describing an innovative program with lessons
for beginning faculty at manyother colleges and universities.

Jenison explains the purpose of the program this way: "We are trying
to breakdown the walls between disciplines in our approach to a groupof
multidisciplinary lowerand upperdivision engineering courses, and in the
process provide a supportive and effective feedback systemfor faculty."

Consider the Engineering Graphics and Introduction to Design course
takenin class sizesof 36 by over 1200students each year. A significant ele
mentof thecourseis a feature called"mechanical dissection," whichhas its
analog in the more familiar biological dissection courses, and which has
many lower division students taking apart and analyzing simple power
appliances such as drills, skill saws, and juice blenders, as well as larger
objects such as exercise equipment and bicycles. At the junior and senior
levels, students dissect power lawn mowers and even full-sized internal
combustion engines.

"There is much more to this course than just tearing things apart,"
notes Jenison. "It involves looking at how basic physical principles are
applied to a wide variety of man-made artifacts we find in our everyday
environment."

A secondapproach to accomplishing thedivision'sgoals is through the
Design Associate program, which brings together upper division students
and faculty from different departments who work in design teams to teach
and solvespecific, multidisciplinary, industry-based problems. One project
involved students and faculty from the Departments of Agriculture,
Materials Science, and Mechanical Engineering who together worked on
the designof a new sulky.

Another project centered on the redesign of a stair-climber so as to
make it more lightweight and user-friendly. It involved faculty from the
Aerospace, Mechanical, Materials Science, and Industrial Engineering
Departments.

An additional project involved students and faculty from the
ComputerlElectrical and Mechanical Engineering Departments who sought
ways to implant sensors in hospital beds to alert nurses when patients got
out of bed at unauthorized times.

"That particular projectdidn't produce a working prototype in spiteof
many tries," says Jenison. "Not all of them do. But they always provide
valuable information and experiences for students, faculty, and industry."
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According to Jenison, a common feature of these and the other 12 or
so projects developed over the last six years is the way they bring together
new and experienced professors from so manydifferent areas. "It really is
a diversegroupof faculty who get involved, and I think the team-teaching
aspectof it expands everyone's knowledge, whileat the same time lending
support to those participating for the first time."

The program provides a course coordinator who servesas a mentor to
new faculty or to experienced faculty who are teaching in the program for
the first time. "Wehave weekly group meetings where we go over the syl
labus and look at what is going well and what we want to modify. It's very
informal and nonthreatening, and it provides a great support mechanism for
the newer teachers," says Jenison.

All of the coursesare evaluated by students at the end of the semester,

but manyfaculty ask for intermediate evaluations as well.Evenmore inter
esting is the use of three-person faculty teams whoevaluatethe teaching of
all faculty, tenuredas well as nontenured. "Tenured faculty are visitedonce
per year, while nontenured faculty, once per semester," says Jenison.
"These visits are announced well in advance and with the full cooperation
of the faculty member. The team writes a report, and then meets with the
faculty to go over the comments. It's actually a verypositive approach that
can lead to real improvement, and most faculty welcome it."

On occasion, an advanced Ph.D.studentor postdoc will teacha section
of one of the lowerdivision classes, and of course participate in the course
evaluation process. "It's fun to see these people have their first experience
teaching freshmen," recalls Jenison. "They come out with a real apprecia

tion of what teaching is going to be like.They also knowhow to seek feed
backand support, not only fromstudents, but from their future colleagues."

The Upside-Down Curriculum

All my faculty have real-world experience. Most have worked in industry,

some have started their own companies, a few have worked overseas, and a

number haveongoing consulting arrangements withgovernment and industry.

Wedo not have expensive research facilities so we need to have faculty who

are constantly engaged with industry, and who then find ways to bring their

experiences and issues into the classroom.

So says Jo Anne Freeman, chair of the Industrial and Manufacturing
Engineering Department at California Polytechnic State University (Cal
Poly), a primarily undergraduate teaching institution of 16,000 students in
San Luis Obispo, CA.
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Freeman advises new faculty to "find ways to establish or maintain
yourcorporate contacts, and thenuse thecorporate problems youencounter
in your teaching." As she pointsout, "For us, it is not just a wayof spicing
up a lectureor two; it is our wholeway of teaching." This way of teaching
derives fromCal Poly's use of something called the "upside-down curricu
lum." "It meanswe turn everything insideout," says Freeman. "You see it
in the smallclasses: the activelearning, the hands-on polytechnic tradition,
andthe wayweget students involved early in the workof theirdisciplines."

At Cal Poly, all students are required to takeat leastone coursein their
majorevery quarter starting from the first quarter they arrive as freshmen.
While they have to declare a major early, i.e., when they apply as high
school seniors, it also gives them an early exposure to the field, something
Freeman believes makes a big difference. "Wedon't haveto waitfor co-ops
in the junior year to build interest," she remarks. She went on to point out
that students can change majors fairly easily if they find that they have
made a mistake.

Classes at Cal Poly are lecture, activity, and laboratory-based. While
you would expectactivity classes(programming courses, for example) and
laboratory classes to be small, this is also true for lectureclasses, manyof
which average 20-25 students. "I thinkwe haveonlyone verylargelecture
hall on campus," notesFreeman, "and it is used mainly for musicrecitals."
Smaller classes allow for greater student-faculty interaction, as well as
the opportunity for students to work in smallgroups on a variety of practi
cal projects.

Theory and practice are coveredconcurrently in the classroom, which
is partof the school's polytechnic tradition. For example, one groupof stu
dents mightworkon a plant location problem provided by General Motors
Corporation, another a quality control problem presented by Applied
Materials Corporation, and a thirda database designproblem presented by
the U.S. Navy. In addition, all students have senior projects, for example:
designing and implementing an inventory systemfor a local mountain bike
manufacturer, evaluating and reviewing safety and hazardous materials
methods for the San Francisco Airport, or designing a machine to reduce
carpaltunnel syndrome in operators at a magnetic tape manufacturing plant
through assisting in their repetitive work in testingtapes.

In Freeman'swords:

These design problems are messy, iterative problems, often with significant

political and societal overtones. Totackle themeffectively requires exception

al teachers, and here is where real-world experiences can make a difference.

Advising these senior projects requires a balance between good solutions

offered bytheadvisor andrestraint in which thestudent isencouraged to invent

andimplement solutions basedon hisor herownexperience andinsight. Since

our main goal is to produce undergraduates withexcellent professional engi

neering skills andknowledge, thisis veryimportant to us.Professional practice

through these senior projects and through the student's cooperative experiences
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provide much needed self-confidence and polish, as well as exposure to many

real-world constraints thathelpstudents to understand thereal,engineering world.

Freeman herself is an excellentexampleof the type of teacherneeded
at such an institution. After receiving her bachelor's degree in industrial
engineering from the Georgia Institute of Technology, she worked in the
garment industry in Southern California while studying for her master's
degreein industrial engineering fromthe University of Southern California.
She also consulted for manycompanies in the LosAngeles area, specializ
ing in consumer products and in the application of industrial engineering
techniques to those firms. She began teaching at Cal Poly in the early
1970s, but aftera few yearsrealized that a Ph.D. wasa necessity, and there
fore went on to earn one from Stanford University in 1982. Freeman
returned to Cal Poly for a few years, but then serveda one-yearstint at the
General Motors Technology Center in Warren, MI, where she studied

advanced manufacturing techniques, including artificial intelligence, robot

ics' and cell design. This experience led to a position on the faculty of
industrial engineering and operations research at Virginia Tech (VPI&SU)
in Blacksburg, VA. Freeman then took a one-year teaching assignment at
Stanford University and a concurrent consulting contractwith the Hewlett
Packard (HP) Company in Palo Alto, CA, where she worked on manufac
turingeducation and training with HP's Headquarters' staff.She returnedto
Cal Poly as a tenured department chair in 1991.

In her engineering economics course, Freeman uses her experience
with financing and economics to bring in real-world examples gleaned from

industrial and commercial usersof credit. Forexample, leasing versusbuy
ing equipment may be related to car buying for individuals. Students are
mostengagedwhentheyunderstand the goodsenseof particular techniques
that may be applied to themselves as well. In addition, individuals attend
the orientation course in whichthe new students (both freshmen and trans
fer students) learnabout their new majorand about their new university. In
thesepresentations, the students havea chanceto learnaboutsuch thingsas
the devices they might be designing and building, consulting possibilities
for large garmentmanufacturers, "smart" products that need integration of
mechanical, electronic, and computer science knowledge, or opportunities
to work in the health-care industries.

Cal Poly's approach to teaching, with its small classes and individual

attention, does not come free. The faculty workload in the California State

College Systems is based on a 15-unit per quarter commitment of which
three units may be used for such things as student advising, committee
assignments, and other service activities. The remaining 12 units must be
assigned to actual teaching, but on a weighted basis. Lecture classes count
1.0 unit per in-class hour, activity classes, 1.3 units per in-class hour, and
laboratory classes,2.0 units per in-class hour. "This means,"said Freeman,
"sincea laboratory class is only abouthalf the sizeof a typical lecture class,
it actually costsfourtimes as muchto teach." Because Cal Polyis committed
to small, hands-on classes, manyof which fall into the activity and labora-
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torycategory, the institution is the most expensive on a per-student basisof
all the 21 campuses of theCalifornia StateCollege System.

"But we definitely think it is worth the cost," argues Freeman. "Our
graduates are highly sought, our faculty are actively engaged in practical
research, our students and graduates make enormous contributions early
and long term, and we have fun! What more could youask for?"

IN ADDITION: CHARACTERISTICS OF SUCCESSFUL
TEACHERS, COURSE PLANNING, TEACHING,
AND LEARNING WITH TECHNOLOGY, AND DEVELOPING
A TEACHING PORTFOLIO

275

Beyond the advice found in the above conversations, there are several other

sources you can utilize to help you get started in your teaching. As noted in

Chapter 6, most colleges and universities have centers specifically designed to

help faculty with their teaching. These centers are not just for professors with

poor teaching records. They are also for those who want to improve on what is

already a good thing. An early visit to the center at your new school should be

high on your priority list.

Among other things, there are a number of books designed to help faculty

with teaching, student learning, and curriculum development. Four that I have

found particularly helpful are

• The New Faculty Member: Supporting and Fostering Professional

Development, by Robert Boice [5],

• The New Professors Handbook: A Guide to Teaching and Research in

Engineering and Science, by Cliff I. Davidsonand SusanA. Ambrose [6],

• Teaching Engineering, by Philip C. Wankat and Frank S. Oreovicz [8],

• The Teaching Portfolio: Capturing the Scholarship in Teaching, by Russell

Edgerton, Patricia Hutchings, and KathleenQuinlan [9].

Let us look at a contribution from each of these books in a specificarea.The

areas are (1) characteristics of successful teachers (Boice), (2) course planning

(Davidson and Ambrose), (3) teaching and learning with technology (Wankat

and Oreovicz), and (4) developing a teaching portfolio (Edgerton, Hutchings,

and Quinlan).

Characteristics of Successful Teachers

We mentioned Boice's book briefly in the previous chapter in connection with

time management and his study of "quick starters," those faculty who had
excelledat teaching, research, publishing, and networking.
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In Chapter 3 of his book, "Establishing Teaching Styles," and Chapter 6,

"Establishing BasicTeaching Skills," Boicecontinueshis study of quick starters

with a focus on what makes them successful teachers [5, pp. 30,75-76, 130]. In

examining beginning faculty at both comprehensive and research universities,

Boice found that virtually all of them had experienced a great deal of stress dur

ing their first two years. With respect to teaching, he noted [5, p.30]:

Typically they over-prepared lectures and presentedtoo much material too rapidly,

they taught defensively so as to avoid public criticism, and they had few plans to

improve their teaching beyond improving the content of their lectures.

Quick starters, on the other hand, adopted a number of behaviors to help

ameliorate the stresses associated with teaching [5, pp. 75-76]. They:

• Had a positive attitude about students at their institutions,

• Gave lectures that were paced in a relaxed style so as to provideopportu

nities for studentcomprehension and involvement,

• Had low levels of complaints about their campuses, including collegial

support,

• Showed evidence of seeking advice about teaching (especially the

mechanics of specificcourses)" often from a colleague in the role of guide

or mentor,

• Madea readytransition to moderate levelsof lecturepreparation (less than
1.5hours per classroom hour), usually by the third semester,

• Made a generally moderate but meaningful investment in time spent on
scholarly and grant writing (mean = 3.3 hours per work week),

• Showed a greater readiness to become involved in campus support
programs.

Boice believes faculty need the most help with first-order basics such as

classroom comfortand rapport, balancing teaching and other academic activities,

and obtainingappropriate rewards from teaching. Without attention to this foun

dation, he fears new faculty will postpone involvement in higher order teaching

skills, perhaps indefinitely [5, p.130].

Course Planning

Cliff Davidson and Susan Ambrose are both at Carnegie-Mellon University in

Pittsburgh, PA. Davidson is a tenured professor of civil engineering and engi

neeringand publicpolicy, andAmbrose is the directorof the University Teaching

Center. Their book, The New Professor's Handbook: A Guide to Teaching and

Research in Engineering and Science, is a "nuts-and-bolts" document for begin-
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ning faculty focused on science and engineering.' The first half of the book

(Chapters 1-6) looks at teaching in a variety of settings, not just the classroom.

Of particular interest to new professors is Chapter 2, dealing with how to

plan an undergraduate course in science or engineering. Whether you are teach

ing a course taught before by others, or developing a new course that is entirely

your own, you need to do the appropriate planning.

The authors begin by setting forth eight principles for undergraduate educa

tion helpful in any curriculum and instruction effort. These principles, which are

similar to those discussed by Ramirez in Vignette #15, are (1) encourage active

learning, (2) design effective learning experiences, (3) provide prompt feedback,

(4) emphasize the importance of time and effort spent learning, (5) encourage

student-faculty contact, (6) encourage cooperation among students, (7) commu

nicate high expectations, and (8) respect diverse talents and ways of learning [6,

pp.20-23].

Davidson and Ambrose discuss six steps, based on the above principles, to

be followed in planning a course. They are

• Assessing the backgrounds and interests of your students,

• Choosing the course objectives,

• Choosing the scope and content of the course,

• Developing the learning experiences within the course,

• Planning feedback and evaluation of student learning,

• Preparing a syllabus for the course.

Assessing the backgrounds and interests of your students helps you develop

appropriate learning strategies. Some of this assessment can be done in advance

by talking with faculty who are familiar with the types of students you are

likely to have in the course. However, you may also need to hand out question

naires and a pretest during the first day or two of class to obtain more specific

understandings.

Developing clear course objectives helps you set high expectations of your

students, and at the same time lets them know what to expect of you. The authors

stress that objectives should indicate the expected knowledge and competence of

students at the end of the course to enable you to observe and measure the extent

to which they have satisfied these objectives.

Choosing the scope and content of the course is particularly important,

although not particularly easy. The tendency of most faculty is to attempt to

cover too much. Davidson and Ambrose [6, p.28] suggest that you begin by list

ing topic areas that are candidates for the course, and then rank them in order of

.l The following material is adaptedfrom [6].
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what you considermost important in the field and what you believe will interest

the students. To accommodate the variability in backgrounds, interests, and abil

ities amongstudents, they suggest that you:

Consider three categories of subject matter to include in the course: basic material

thatshouldbe mastered byeverystudentwhopassesthecourse,recommended mate

rial that should be mastered by those students seekinga thoroughknowledge of the

subject, and optional material that is intendedonly for those students with special

interestswho desire to learn more than what is offered in the course.

Developing the learning experiences within the course involves such things

as: (I) choosing the right textbooks and other reading material; (2)examining the

reading material critically to determine where to place your emphasis and the

logicalorderof coverage; (3) determining the typesof activities that will provide

the students with opportunities to practice newly acquired skills, apply new

information in different contexts, and ultimately achieve the course objectives;

(4) creating a course schedule based on the university calendar and on -the

amountof time needed to covereach topic adequately; and (5) examining all the

components of the course to make sure that they are consistent and complement

each other in the mannerintended [6, pp.28-30].

When it comes to planning feedback and evaluation of student learning, the

authors emphasize the importance of tailoring your methods to the goals of the
particular topic area, and not just to your personal preferences, philosophical

beliefs, time available, and habit. They note the following [6, p.3D]:

Testing students on their creative problem-solving abilities may require you to

develop open-ended problems. On the other hand, closed-form mathematical prob

lems with unique solutions may be more appropriate for testing analytical skills.

Written assignments may be best suited for testingsynthesis and evaluationskills.

Finally, preparing a course syllabus, a document that explains the rationale,

purpose, content, and procedures of the course, is essential to enable students to

understand the purpose of thecourseand whatis expected of them. Davidson and

Ambrose list the following items for inclusion in most course syllabi [6, pp.

31-32]:

• The name and number of the course, numberof credits, the name of the

university, thedateby semesterand year, theclassroom meeting place,and

a list of prerequisites.

• The names, office locations, office hours, phone numbers, and electronic

mail addresses of the professor and teaching assistants.

• A brief coursedescription that provides an overview of the subject matter

and a briefexplanation of why students mightwant to take the course.The
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syllabus might also contain a brief explanation of how the parts of the

course fit together.

• A list of course objectives, stated in terms of what the students should be

able to do by the end of the course.

• Information about the learning experiences in the course, including in

class activities such as lectures and discussions, and out-of-class activities

such as readings and homework assignments.

• Information about policies established for the course, including atten

dance, late work, and make-up work.

• A course calendar that includes (to the extent possible) a list of dates for

homework assignments, readings, quizzes, tests, papers, projects, and

other work.

• Information about how grades will be determined, including the percent

age of the grade for each major element of the course.

• A caveat that indicates that parts of the course are subject to change to

meet the needs of students in the course. This qualifier allows instructors

to slow down or speed up the pace of the course if students show a need.

Teaching and Learning with Technology

The use of electronic and computer technologies in teaching is, of course, not

new; however, the nature of these technologies and how they are used have clear

ly changed over the years. The overhead projector is a case in point. It has been

in use in education for decades, although it did take 20 years to move from the

bowling alley to the classroom. What is new is the linking of the overhead pro

jector (actually a very high-powered version of the original projector) with the

laptop computer in a way that enables teachers to project on-line interactive com

puter displays to the entire class.

The plethora of new software and hardware technologies linked to the

Internet has resulted in new opportunities to improve student learning and

teacher productivity. Such opportunities raise important questions for new facul

ty to consider as they seek a good start in their teaching. How will you decide

what technologies, if any, to adopt in your classes? How do you know that what

you adopt is better, or worse, than traditional methods of teaching and learning?

How do you choose approaches that will have a real impact on student interest and

student learning, while at the same time reduce unnecessary risks, and not require

an excessive amount of your time? Finally, how will you know if your efforts in

these areas will be rewarded when it comes to retention, promotion, and tenure?

There is no question that a number of faculty, young and old, are reluctant

to adopt many of the new teaching technologies. A recent study by the University
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of Southern Californiarevealed that less than 5% of college and university fac

ulty currently use computing to aid in classroominstruction [7, p.47].As Robert

DeSieno, a professor of computerscienceat Skidmore College, noteswithrespect

to digital technology, one form of the new information technologies [7, p.47]:

In thecontextof theircourses, manyfaculty viewdigitaltechnology as the latestcol

lection of gadgets unable to deliver the educational merit promised by proponents.

For these faculty, digital technology requires too much time and effort, suppliestoo

many distractions, and yields too little value for the investment. Worse, this tech

nologydeliversonly what the marketplace provides, and too often those provisions

do not meet the localcurriculaneedsof the faculty and students.

The situationwith respect to quality softwareand courseware is improving,

however, and as DeSienogoes on to observe [7, p.47]:

... marketplace pressures, student interests, the influence of professional organiza

tions, and the example of colleagues are persuading faculty to employdigital tech

nology in their teaching and scholarship.

Many of the issues related to the use of technology in the classroom are

explored by Philip C. Wankat, a tenured professor of chemical engineering at

Purdue University, and Frank S. Oreovicz, a communications and educational

specialist in the School of Chemical Engineering at the same university, in
Chapter 8 ("Teaching with Technology") of their book, Teaching Engineering

[8]. Although specifically written for engineering professors, much of the mate

rial is applicable to science, and indeed to most other disciplines.
The authors begin by echoing DeSieno's point when they note that: "Over

the years, the introduction of new technology for education has generatedinitial

high excitement, but that has been followed by disillusionment, although even

tually most technologies find a niche in the educational system" [8, p.143].

Wankat and Oreoviczoffer the following guidelines for the successful use of any

new technology in education [8, p.144]:

1. Plan use for a specificaudience.

2. Define objectiveswhich are relevant to the audience.

3. Picka technological medium and a teaching method which are appropriate

to the topic.

4. Pick educators interested in using the technology.

5. Plan for personal interaction, particularly among students.

6. Monitorthe courseand changematerials and methods as appropriate. [22]

In their chapter, the authors discuss a numberof technological innovations,

twoof which, television (and video) and computers, we willbrieflyexaminehere.
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According to Wankat and Oreovicz, television and video have three advan

tages over other means of delivering instruction:

1. They can provide instruction at remote sites (extensively used for contin

uing education and graduate programs).

2. They can be used to break huge classes into much smaller sections.

3. They can be used to make "electronic" field trips to observe technology

(great for showing visuals not available in any other way).

Many schools, in particular community colleges, have become heavily

involved in distance learning via television. The biggest provider by far, howev

er, is the National Technological University (NTU) whose satellite broadcasts

vary from "single two-to-three hour programs for continuing education, to three

credit courses, to ninety-hour certificate programs, to master's programs for

engineers" [8, p.145].

In the typical format of television teaching, the professor lectures to a live

class, with hislher lectures also being broadcast to remote sites with students who

can interact via two-way audio links and/or computer keyboard connections.

Not only can students ask questions, but they can take objectively formatted

diagnostic examinations and quizzes, the results of which can be displayed

instantaneously to the instructor and the entire class.

However, television and video are not without their problems. As Wankat

and Oreovicz note: "The major instructional difficulties with live television are

the lack of contact between the students and the professor, and the cost and dif

ficulty of doing anything other than 'straight' lecturing" [8, p.146]. As we all

know, television encourages passivity. Electronic mail exchanges, phone office

hours, and visits by the professor to various sites can all help, but, of course, they

all take additional time. As with large lecture classes taught in the traditional

way, the time needed to interact with off-site students should be taken into con

sideration when teaching assignments are made.

Wankat and Oreovicz's discussion of computers and teaching is divided into

three parts: computer tools, computer-aided instruction, and interactive laser

videodisks.

Computer tools include such things as spreadsheets, equation solvers, and

symbolic algebra programs. These tools have gained increased acceptance in

recent years to the point where they are now quite robust, inexpensive, and rela

tively easy to use. As Wankat and Oreovicz put it: "In many applications com

puter tools are a significant advance over both hand calculations and program

ming. Because of this advantage, computer tools, particularly spreadsheets, have

been widely adopted" [8, p.153].

With computer-aided instruction (CAl), the computer either supplements or

replaces traditional forms of instruction. CAl can be used in three modes: (1)

drill and practice, (2) tutorial, and (3) simulation [8, p.15?].
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In thedrill and practice mode, the computerpresents questions to the student,

the student responds, and the computerprovides feedback on the responses. The

authors likenthis to textbook homework assignments withfeedback froma teach

ing assistant or grader, except that the feedback is instantaneous and private.

In the tutorial mode, the computer provides instructional material, and may

actually replace traditional delivery methods such as lectures and textbooks.

According to Wankat and Oreovicz [8, p.15?]:

In addition to content material, the tutorial should contain example problems and

figures, include questions and problems, and have a richer feedback than typical

drill-and-practice programs. Tutorials can guide a student to different lesson parts

depending on his or her response ... The tutorial can guide the studentthrough prob

lemsolvingwithprompts and thengradually reduces the numberof prompts untilhe

or she is solvingdifficult problems without help.

Simulation tools involveapplication software programs, many of whichare

computer-aided design (CAD) programs found in use in industry. They can be

extremely powerful and realistic, although not always user-friendly. They are

most commonly used in advanced undergraduate and graduate level courses.

The major downside to CAl is the time needed to author CAl programs.

Wankat and Oreovicz compare it to the effort required to write a textbook. As

noted above, more commercial publishers are moving in the direction of devel
oping their own programs, yet other barriers to the adoption of CAl exist. The

authors believe the main ones are: computer incompatibility, the "not invented
here syndrome," cost to the students, lack of rewards to faculty for development

effort, and too close an identification with television and its weak image of

scholastic rigor [8, pp.158-159]. Wankat and OreoviczbelieveCAl will be lim

ited to courses with large enrollments across North America such as calculus,

physics, chemistry, and certain lower divisionengineering classes [8, p.159].

Interactive laser videodisks (ILV) store a tremendous amountof information

that can be randomly accessed in fractions of a second. ILV systems can incor

porate a numberof differentmedia such as [8, p.159]:

• Photographs and text material

• Overheadtransparencies

• Slides

• Motion pictures

• Videotape

• Computertext and graphics

Wankat and Oreovicz see three major advantages of ILV: (1) the ability

to store as much as an entire course on one disk, (2) the ability to consolidatea

variety of media into a single package, and (3) the ability to incorporate exten

sive visual material [8, p.l60]. Uses for ILV include: operation at remote sites,
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individual self-study, student tutorials, in-class use, laboratory simulations, and

outreach programs [8, pp.159-160]. The authors believe that interactive video

laserdisks will develop a unique but small niche in places where it is clearly the

best delivery system.

Many colleges and universities are investing heavily in new information

technology, and such technologies offer significant opportunties for improve

ment in teaching and learning. However, faculty, particularly those just starting

out on the tenure track, are not going to invest the time and energy required to

effectively use such technologies unless the administration provides the appro

priate rewards. As DeSieno comments [7, p.47]:

Colleges should encourage educational uses of digital technology that can be

assessed for theireffectiveness, and that testify, at promotion andtenuretime,to one

valued aspect of a faculty member's work. These incentives, thoughtfully applied,

will increase informational reachof students across the curriculum and equip them

to explore digital forms of information after they graduate.

Developing a Teaching Portfolio

In Chapter 6, we talked about the value of establishing a teaching portfolio while

at the graduate student or postdoc level. We also described some of the items you

might include in such a document. If you have not started developing your port

folio, now is the time to do so. The Teaching Portfolio: Capturing the

Scholarship of Teaching, by Russell Edgerton, Patricia Hutchings, and Kathleen

Quinlan [9], is an excellent resource to help you, and perhaps others in your

department, get started.

The book begins by discussing the concept, content, and format of portfo

lios in some detail, and follows with eight samples from a variety of schools

across the United States. While only one of the samples is from science and engi

neering (Computer Conferencing About Computer Languages), all provide use

ful ideas for any portfolio preparation.

Of particular interest is Chapter 4, "Portfolios on Your Campus: Getting

Started." It offers guidelines for those faculty wishing to establish the practice

where it does not yet exist. The authors offer suggestions [9, pp.49-53] on how to:

• Find the right purposes and occasions to introduce portfolios

• Involve the right people in their preparation

• Learn from the development process

• Encourage collaborations

• Evaluate the products

• Use portfolio evaluation as an occasion for standard setting

• Establish a spirit of experimentation via "pilot" projects that are more

acceptable and less threatening to existing practice.
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Finding the right purpose and occasion to introduce portfolios can be tricky.

At some schools, such as Syracuse University(Research I) in Syracuse, ｎ ｙ such

portfoliosare an explicit part of the effort to shift reward structures more toward

teaching [9, p.49]. However, Edgerton et al. caution against pushing such high

stakes use too early at schools where the groundwork for portfolios is yet to be

laid. As they put it ｛ Ｙ p.49]:

Such high-stakes context can in fact work against some of their (portfolios]

strengths, washing out richdetailand variety for the sakeof a moreuniform and effi

cient decision making. On the other hand, wherenothing at all is at stake, portfolios

are likely to becomean empty exercise.

Involving the right people in the initial development of portfolios is also

important. Here, the authors argue for starting with faculty who are admired

teachers and who are also prominent researchers, particularly at research uni

versities.Since the status and prestige of such faculty is already established, they

can give credence to the effort to promote the scholarship of teaching.

The authors also suggest that the process of preparing a teaching portfolio

itself may be more valuablethan the specific productor data that result from such

an effort. For beginningfaculty, an emphasis on portfolio preparation rather than

portfolio review might provide the greatest benefit [9, p.50].

As an example, the authors cite biology professors participating in the
Stanford University Teacher Assessment Project, who indicated that the process

of preparing teaching portfolios was valuable because: (I) someone was very

interestedand concernedabout their teaching, (2) the portfoliocaptured evidence

that looked like their teaching, and (3) selecting evidence and writing captions

and reflections had impelled them to clarify their intentions and beliefs about

students, about biology, and about teaching" [10].

The discussion on collaboration is particularly relevant for beginning

professors. As educator Kenneth Wolf puts it [9, p.51]:

One of the drawbacks of portfolios is the difficulty of ensuring that the work pre

sented is entirely that of the person whose name is on the folder. But this potential

stumbling blockcan be turned into a stepping stone.

Instead of treating authorship as a problem, treatcollaboration as a virtue. In this

view, teachers wouldbeexpected to seekout the assistance of others in their teaching

and in constructing their portfolios.

Following up Wolf's comments, Edgerton et ala [9, p.51] suggest that:

[AJpowerful arrangement would be one basedon mentoring, where the moreexpe

rienced faculty member works with a younger colleague to organize and present
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appropriate worksamples and reflections. Indeed, one of the reviewers of this mono

graph argues that developing a teaching portfolio is an ideal way to establish long

term, positive working relationships between seniorand new faculty members.

Of course, in some departments, mentors of this kind do not yet exist. In

such situations, you mightstart by lookingfor possiblementorsin relateddepart

ments. Also, check with your institution's teachingand learningcenter.

Who should evaluate them and what criteria they should use are among the

most frequently asked questions about teaching portfolios. The Stanford

University Teacher Assessment Project found that: (I) looking at only a few

entriespercategory wassufficient to adequately assessa portfolio, and (2) a holis

tic evaluation can be more helpful than a fine-grained, analytical scoringsystem.

Edgerton et ale point out that the purpose of portfolio evaluation should be

to drive practice. Thus, if you want to encourage conversation about teaching,

then a group of faculty from across departments might be helpful. On the other

hand, if your goal is a content-specific evaluation of teaching, then evaluations

from your departmentwould be more appropriate. If individual improvement is

the primary goal, then a small group of departmentcolleaguesmight be the best

approach. Finally, if portfolios are to be used in such high-stakes areas as tenure

and promotion, then the school might seek to develop a small group of highly

trainedevaluators [9, p.53].

The idea of using teaching portfolios as a means of setting teaching stan

dards is a powerful one. Of course, answering the question of what we mean by

"excellent teaching" is not easy. One approach, suggestedby the authors, is the

inductive one in which portfolios of outstanding teachers are reviewed for their

common elements and themes. This approach could be particularly effective if
done in a group setting such as a departmentretreat [9, p.53].

While teaching portfolios are beginning to catch on at a number of schools
acrossNorthAmerica, they are still in the early stagesof development and accep
tance. We should not deceive ourselves into believing that an expanded use of

such portfolios will come easily. Until there is a greater recognition of the vari

ous forms of scholarship discussed throughout this book, and an understanding
that peer reviewof such scholarship is central to such recognition, advances will

be limited. Edgerton et ale put it quite directly when they say [9, p.56]:

Whenand if the scholarly communities apply peer reviewto teachingand serviceas

they nowdo to research, then and only then, will they have finally said, "we respect

not only research but teaching and serviceas well."

It is my hope that we will see a stepwise process in which the pilot use

of portfolios leads to a greater acceptance of peer evaluation of the various

forms of scholarship, which in tum leads to a greater use of all types of "schol
arship portfolios."
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CONCLUSIONS

The four vignettes and follow-on book topic discussions in this chapter only hint

at the amount of activity underway in teaching, learning, and course develop

ment in science and engineering. The use of student-led design teams, industry

based case studies, original source materials, special writing and speaking

assignments, as well as the explosion in World Wide Web and other interactive

distance learning tools are all reflections of the innovations taking place in

schools across North America.

Not all of this innovation is taking place in traditional colleges and univer

sities. A considerable amount is coming from community colleges looking for

better ways to serve their constituencies and at the same time increase income,

"private learning" companies, corporate "universities," and commercial publish

ing houses. One interesting example is The Teaching Company of Springfield,

VA, which has registered the term "SuperStar Teachers," and in advertisements

promises "Audio and video recordings of brilliant college lectures by SuperStar

Teachers ranked highest by students at top universities" [11].

Most of these developments, however, have come from independent, and

often solitary undertakings,particularly when done at four-year colleges and uni

versities. Collaborations are much more common in the research realm. It is in

research, not teaching, where peer review is the norm. We generally do not take

the time to leverage and learn from each other when it comes to teaching. New
professors often start from scratch, and/or teach what, and how, they were taught.

This approach need not be the norm. There is so much to be gained in effective

ness and creativity, not to mention time and effort, from sharing with others what

we are doing in the classroom. Remember Boice's quick starters; they were the

ones who were not afraid to seek advice and materials from experienced teach

ers and other institutional resources, and then build on what they had acquired to

improve their own teaching. By doing the same, you will increase your chances

of success while freeing some time for other important activities.
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CHAPTER 12

Insights on Research

You can't imagine what it's like as a [onior faculty member. You get a research

grant, and that's great! Butno oneevertells you how to budget,how to plan, how

to managepeoplein your laboratory.As a grad student, you are iustdoing your

research. Butnow you are on theothersideof the fence. Now you haveto super

visethe graduate students in the laboratory, and get them to do the experiments

properly. And all thewhile theyare scrutinizing your everyword and action.

Elizabeth Komives, Professorof Chemistry

University of California, San Diego

SEnlNG THE STAGE

As a graduate student and a postdoc you spent most of your time doing research.

Now, as a professor, you will not only "conduct research," but also "direct"

research, and the change will be significant. Indeed, you may find it an even

greater shift than the one from student to teacher. Your role as a teacher is much

more structured and defined than is your role as a researcher. Many, if not all, of

the classes you teach will have been taught before, and some kind of assistance

with syllabi, homework, examinations, and even class notes will be available to

you. As a teacher, you will know on a regular basis the kind of progress you

are making. You will have taught a certain number of sessions, given a certain

number of homework assignments, and graded a certain number of examina

tions. In most cases, the resources you need in order to do a good job will be

available to you. You are the one in charge in the classroom, and it is relatively

easy to assign credit (or blame) for your efforts. At the end of the semester, there

will be closure, and you can move on to your next teaching assignment.
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Such is rarely the case with research. Your research is not public in the same

way as is your teaching. You must make time for research; it is not automatical

ly set aside for you. You have to decide what areas wilJ allow you, even at

schools with large teaching responsibilities, to make a worthwhile contribution.

Indeed, you will soon discover that sustaining an academic career is as much

problem finding as it is problem solving. You also have to determine how and

when to coJJaborate with coJJeagues, while at the same time distinguishing your

self from them. Classroom teaching and "teaching" as a research supervisor are

not the same thing, and your role and authority in each are quite different. And

then there are all those matters having to do with budgets and record keeping.

The biggestdifference, of course, betweenbeinga student,and in mostcases

a postdoc,and being a professoris that now you are responsiblefor obtaining the

funding you need to carry out your research and support your graduate students.

This requirementmeans that very early on, you will have to start writingresearch

proposals, which in almost every case will face considerable competition.

Overall, considering both government and private sources, approximately 800/0

of all first-timeproposerswill have their proposalsrejected [1, p.2]. On the other

hand, and this is certainly something you should keep in mind, resubmissions

have a much greater chance of acceptance than do original submissions. For

example, the Geographyand Regional Science Program at the National Science

Foundation recently fundedonly 23%of standardfirst-time submissions, but 43%

of proposals that had been resubmitted [2, p.l]. (Of course, not all proposals
rejected on first submission were asked to make resubmissions.) Given the above

statistics, it would be worthwhile for us to set the stage for our vignettes on fac

ulty researchby first looking more closely at the proposaldevelopment process.

As we discussed in Chapter 5, "Research as a Graduate Student and

Postdoc", you need to proposecompelling research that seeks answers to specif

ic questions designed to excite those who will be reviewing your proposals. As

RonaldF.Abler of Pennsylvania State Universityand Thomas J. Baerwaldof the

National Science Foundationput it [2, p.l]:

Aproposal thatbegins, "Thequestion I wishto answerin thisproject is... " startsout

well. You will strengthen your case if your question is rooted in general ideas.

Questions rooted in theory arecompelling. Questions specific to particular timesand

places areonly interesting. In thecompetition for scarcefunds, compelling questions

gamer awards, merely interesting ones do not.

In preparing a research proposal, you first needto knowthe various types of re

search support available to faculty. RogerV. Smithwhose book,Graduate Research,

was referred to in Chapter5, lists six common sourcesof support [3, p.228]:

1. Free gift or grant-in-aid

2. Grant
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3. Cooperative agreement

4. Contract

5. Fellowship

6. Scholarship
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Free gifts or grants-in-aid money are often the most desirable because they

come with the fewest constraints. Such gifts are usually small institution awards

in the $10,000-$50,000 range. Although small, they often bear little or no over

head, and can be used in a general way to "support the research interests of the

recipient." In other words, they can be used in a discretionary way for such things

as salaries, student support, equipment purchases, and travel.

A grant, on the other hand, is often more substantial, and frequently requires

a higher degree of accountability. A grant, in the words of William Dando of

Indiana State University [I, p.2],

is any form of financial assistance or support to carryon intellectual activities. The

word"grant" meansto entrustand connotesthe implications of faith and obligation.

Every grant agreement includes the understanding that the recipient (grantee) is

entrustedwith fundsand has a commitment to performsome activityor fulfill some

expectation of the benefactor (grantor, agency, or foundation).

Different granting agencies operate in different ways with respect to over

sight and accountability. For example, the National Science Foundation (NSF)

has an extensive peer review process prior to the awarding of a grant, yet is rel

atively hands-off once the award is made. The Department of Defense (000), on

the other hand, does no external peer review of proposals (program officers make

recommendations to DoD panels), yet is fairly hands-on after the award. The

U.S. Department of Agriculture (USDA) and the Environmental Protection

Agency (EPA) are further examples of agencies that provide a fair amount of

direction during the course of your research. Smith refers to grants with such

agencies as "cooperative agreements" [3, p.230].

Contracts, unlike grants, are awarded for research that requires fairly specif

ic timetables and "deliverables." Government contracts are awarded in response

to publicized RFPs or Requests for Proposals that appear periodically in the

Commerce Business Daily[3, p.231]. Private contracts, usually with industry, are

often negotiated individually by faculty who may do such work in the form of a

consulting agreement. (See also Vignette #23, Chapter 13.)

Fellowships provide support for graduate students and postdoctoral

researchers, while scholarships are usually designated for undergraduates. In

some cases, students will come to you having already been awarded a fellowship

or scholarship. In other cases, you will need to encourage students to apply, often

with your support, for such awards. While students who have financial support

are clearly desirable, remember that fellowships and scholarships usually only
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cover the students' tuition and stipend(and in somecases, not all of that),and not

othercostsof doingresearch suchas computers, laboratory equipment, and travel.

Onceyou havean ideaof the research you wantto do and the typesof grants

you want to go after, you need to identify potential sponsors. Obviously, you

shouldbeginby looking at yourown institution. Somedepartments, schools, and

academic research centers provide support, often in the form of seed or start-up

grants, for beginning faculty. While competition for these resources is often

keen, the chances of success are usually greater than they are with outside sup

port, and the length and complexity of the required proposals are not as high.

Keep in mind, however, that seed or start-up grantsare just that. Sooneror later,

you are likely to have to seek external funding to sustainyour research.

One of the best sources of information about potential sponsors is IRIS

(Illinois Research Information System), a national database of funding opportu

nities for researchers and scholars in the sciences, arts, and humanities. The IRIS

World Wide Web address is

http://www.grainger.uiuc.edu/iris/

IRIScontainsfederal and privateagency information, sponsordescriptions, pro

grams, and deadlines. It allows you to sort by keywords or phrases, deadlines,

and sponsor/agency type (federal or nonfederal). IRIS also provides links to

other agencies such as the National Aeronautics and Space Administration
(NASA), the National Institutes of Health (NIH), and the National Science

Foundation (NSF).
Prior to developing your proposal, you need to find out as muchas you can

about the agency to which you are applying and their degree of interest in your
particular idea. Often, this meanscontacting the agencies' program managers or
program officers whose responsibilities lie in your general area of expertise.
Whilemanybeginning faculty feel uncomfortable withthis approach, youshould

know that: (1) it is essential (over 75% of NSF awardsare made to faculty who

had prior contact with their program manager), and (2) the program manager

expects, and even welcomes it [4].

Do your homework before making contact. Check things out on the World

Wide Web, and write to the agency for a program description that will tell you

what kind of work they are interested in and what kinds of research they have

funded in the past.

Program managers and officers are often hard to reach on the phone. It is

better to first send a brief e-mail message outlining your ideas in no more than
three pages of text. Then follow up with a scheduled phone call and/or visit.

Visits, whichmayrequireyouto go to Washington, DC,can be important. As one

successful researcher put it, "It is goodto have the full bandwidth that suchmeet

ingscan provide." On sucha visit, be prepared for anything from formal stand-up

presentations to informal sit-down discussions.
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Keep in mind that we are talking about a relationship that will build over

time. Even if you are not successful the first time out, you will need to go back

to these individuals in the future, so think long term. Also, think about the possi

bility of starting your research under the tutelage of an experienced faculty mem

ber who has a contract/relationship with his/her funding agency. This kind of

relationship is not always possible, or even desirable, but it is an approach worth

considering.

When it comes to the actual preparation of your proposal, it is important to

follow the agencies' guidelines to the letter. As Susan M. Fitzpatrick, program

officer for the James S. McDonnell Foundation, comments [5]:

We have received applications requiring us to retrieve the mailing label out of the

trash in an attempt to identify who the proposal was from or try to obtain contact

information (although we provide a proposal cover sheet). We have had to contact

investigators to clarify whether their proposed budget was for one, two, or three

years. Furthermore, I have read through proposals searching for the experimental

plan, tryingto figureout what it is the researcher intends to do. About50 percentof

the proposals we receive exceed the recommended 5,000 word limit, and almost as

many are missing a requested supportdocument.

Applicants should try putting themselves in the shoes of the program officers and

external peerreviewers. Wewillbe reading 50 to 100proposals, withverytight turn

around schedules. It doesn't take a genius to realize that the well-organized and

thoughtful proposals will have a competitive edge.

To further assist you in your proposal preparation, I have included in

Appendix F a list of the elements found in most successful proposals. The list

was developed by Rebecca Claycamp, assistant chairman of the Chemistry

Department, University of Pittsburgh. In addition, Appendix G contains Robert

Smith's list of the common shortcomings found in most grant proposals.

Keep in mind that you do not have to do all of the work by yourself.

Virtually all research universities, and now many master's and baccalaureate

schools have in-house research project offices that can help you in identifying

funding sources, developing budgets, viewing successful proposals, as well as

the actual writing of your proposal. If your university does not have such an

office, try teaming up with a colleague at a university that does.

Now, let us turn to specific advice from four faculty with respect to

conducting and managing research. In Vignette #18, Lew Lefton, professor of

mathematics at the University of New Orleans (Doctoral II institution), looks at

how young faculty can keep their research alive in the midst of large teaching

responsibilities and service obligations. He urges beginning professors to devel

op contacts with experts in areas adjacent to their particular research specialty, to

seek institutional colleagues with whom to collaborate, and to make research one

of your priorities by setting aside time for it on a weekly basis.
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Our second vignette (#19), with Mark Hopkins of the RochesterInstitute of

Technology (Master's I institution), describes a program involving Hopkins, his

institution, and a local research company. The program helped him get started

with his research in a way that also contributed to his effectiveness as a class

room teacher.

In Vignette #20, Greg Petsko, director of the Rosentiel Basic Medical

Sciences Research Center at Brandeis University (Research II institution), tells

of an operation ideally suited for young faculty who want to work at the bound

aries of disciplinary research. He discusseshow his center's approachworks,and

the elements necessary to enable young, untenured faculty to be successful in

such an environment.

Our last vignette (#21) features Nino Masnari, director of the Center for

Advanced Electronic Materials Processing, headquartered at North Carolina

State University (Research I institution). Masnari picks up on Petsko's theme,

and extends it to cross-university collaborations. Here, the potential benefits for

young faculty are even greater, but so are the difficulties. Masnarioutlines some

of the keys to surviving,and thriving, in such an environment.

These vignettes also provide illustrations of the various nonteaching forms

of scholarship discussed throughout this book. While more than one form of

scholarship is often represented in a given situation, generally speaking, we see

the discoveryof new knowledge in Lefton's efforts, the application of knowledge

in Hopkins's work, and the integration of knowledge in the work of the centers
described by Petsko and Masnari, The vignettes also demonstrate how the vari

ous forms of scholarshipcan take place at different types of institutions, in this

case Doctoral II, Master's I, and Research I and II schools.

These vignettesare followedwith a look at the other end of the researchcon

tinuum, the writing of papers reporting on the results of your research work. In

this discussion, we draw on specific contributions from two books: A Ph.D. is

Not Enough: A Guide to Survival in Science, by Peter J. Feibelman, and The New

Professors Handbook: A Guide to Teaching and Research in Engineering and

Science, by Cliff I. Davidsonand Susan A. Ambrose.

Keeping Your Research Alive

Most new Ph.D.s are too cautious when it comes to moving forward. You are

no longerina protected lagoon, andyouneedto venture out intotheocean. You

do not have to try to cross the ocean,but you do need to determine a general

direction and set sail for it.

Lew Lefton, a tenured professor of mathematics at the University
of New Orleans (Doctoral II institution) in New Orleans, LA, feels that it
is very important for new Ph.D.s to lookbeyond the narrow focus of their
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dissertations if they want to keep their research alive. "Taking this broader
perspective is what enables you to do interesting work other people care
about," says Lefton. "At the research level, things change so quickly that
youcouldeasilybe out of date if youdon't have morethan one problem to
workon."

Lefton has three suggestions for faculty who want to keep their re
searchgoing:

• Connect with experts in areas adjacent to your current research

specialty.

• Seek out colleagues within your own institution.

• Make research a priority (in a way consistent with your institu

tion's culture).

With respect to the first point, Lefton suggests setting aside an hour
each weekto browse through the library to see whatother peopleare doing
and to get a senseof what is hot in your field. Today, the "library" is more
likely to be the World WideWeb, which is just fine because it also allows
you to exchange e-mail messages with peoplewho have posted their work
on the Internet.

Of equal importance, saysLefton, is to start goingto conferences. The
size of the conferences you attendwill be determined in part by your insti
tution's research emphasis. At Research I universities, for example, it may
be important to attendmajornational, and even international meetings. Yet,
much can also be gained by attending smaller conferences, particularly if
your travelbudgetis limited. As Lefton puts it [6]:

I recommend the smaller regional conferences as opposed to the large annual

meetings. Not that the annual meetings are bad; in fact, if there's a special ses

sion in your area it can be quite productive. But smaller conferences often have

fewer distractions and more opportunities to interact with people who have

similar interests. Even if you don't know anyone, go to listen and ask questions

and learn. Once you attend a few such conferences, you will start to see sever

al familiar faces and you will have begun the important task of establishing pro

fessional contacts in your area. Don't be intimidated; most active research

groups are happy to welcome new people and they may well suggest some

interesting open questions for you to work on.

Lefton stresses the importance of not only attending conferences, but
of participating in them. "By giving talks and getting feedback, you learn
if your work is interesting and relevant, or if it is just too esoteric or

bizarre," he says. "Conferences are also a place where you can find the
magic that got you interested in your field in the first place as an under
graduate, and which may have been lost while a Ph.D. student." Finally,
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Lefton reminds us that: "You will need references for upcoming tenureand
promotion reviews, and theseare the peoplewhocan give themto you.You
can, after all, rely on your graduate school faculty for just so long."

A secondway to keep your research alive is to find colleagues at your
institution with whomyou can collaborate on a regularbasis.Leftonmeets
regularly once or twice a week with colleagues to work on problems of
mutual interest. As he describes it:

Wethinkaloud,go to the board, writedownequations,and bouncelots of ideas

off of each other. We are not judgmental, and neither of us is embarrassed to

ask simple questions. It takes awhile to build up this trust, but when we do, it

works wonders.

Where possible, Lefton urges new faculty to pair up with older, more
experienced colleagues, even if this may seem intimidating at first. "You
need to work with someone who will reallychallenge you and stretch you
as muchas possible," he notes. "I did this as a postdoc witha leader in my
field, and it really made a difference. Indeed, our relationship continues to
this day."

Finally, Leftonstresses the importance of making your research a pri
ority, particularly at institutions where teaching commitments are rather
high. His advice in this respect is quite familiar:

Set aside particulartimes of the week and find a quiet place to go whereyou'll

be free frominterruptions. This step is reallyimportant, and I knowit can be dif

ficult to do. It may help to try saying "no" when you are asked to do additional

time-consuming activities. There are many worthwhile projects, but you can

only do one thing at a time. In the early years of your career,you need to estab

lish a researchrecord,and saying"no" to certainother thingsmay benecessary.

Good advice, although Lefton notes that it is also important to do
thingsyou enjoy outsideof your professional life. When he is not working
out new proofs or trying to explain them to his students, he works as a
stand-up comic in and around New Orleans.

AHigh-Leverage Approoch to Industry-University Collaboration

The Rochester Institute of Technology (R.I.T.) is on a year-round quarter sys

tem, and for seven years, I spent every other quarter doing full-timeresearchat

the XeroxWilsonCenter for Researchand Technology in nearbyWebster. The

other two quarters were spent as a full-time professor at R.I.T., while also

spendingone day per weekat Xerox.Throughoutthe year,I averaged60% time

at Xerox and 40% time at R.I,T.
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Getting startedwell with your research not only depends on your own
interests and initiative, but also on the resources, modes of operation, and
expectations of the department and institution to which you belong.
According to MarkHopkins, an associate professor of electrical engineering
at R.I.T. (Master'sI institution) in Rochester, NY: "Findingthe combination
that works for you is the key, and this arrangement happened to be what
made sense for me." During the seven-year period with Xerox and R.I.T.,
Hopkins received outstanding teaching evaluations, published papersbased
on his research at Xerox, acquired two patents, with one pending, and
perhaps most importantly, obtained academic tenure.

"Originally, some of my colleagues were skeptical and thought I had
not spent enough time at R.I.T. to be awarded tenure in the normal time
period," comments Hopkins. "But this arrangement was partof my original
appointment, andwhen theylooked at theentire effort, including my teaching
record, theychose to awardme tenure."

The relationship with Xerox was the brainchild of Professor David
Perlman, and was set up prior to Hopkins'sappointment. Students at R.I.T.
are required to spendconsiderable time in co-opprograms, and the institu
tion wants faculty who understand industry, who can carry out research of
interest to industry, and whocan bringindustry problems and solutions into
the classroom. Perlman arranged for a contractto besignedbetween Xerox
and R.I.T. creating a special position having the above characteristics and
in which Xerox would payR.I.T. 58%of theprofessor's salary, plusbenefits.
Notes Hopkins:

When I applied to R.I.T. as an assistant professor, I had just finished going

straight through from my bachelor's degree (Southern Illinois University at

Carbondale) to my Ph.D. (Virginia Polytechnic Institute and State University)

without acquiring any industrial experience. I very much realized such experi

encewouldbe important in myteaching andresearch, particularly at a schoollike

R.I.T. Whenthey suggested I applyfor the (Xerox) joint position, I jumpedat it

Hopkins's research at Xerox wasdonewitha groupof aboutsix people
who worked for five yearson developing a way to stabilize the color xero
graphic process. "This problem was much more difficult than anyone had
first realized, involving various novel control architectures," comments
Hopkins. "Theproblem is complicated by the fact that: (1) theprocessitself
is highly nonlinear, time-varying, and noisy; (2) measurements of the
process are infrequent, low-bandwidth, and not necessarily representative
of the process; and (3) the process is subjectto uncontrollable, and unmea
sured(or unmeasurable) disturbances."

The research teamdeveloped a strategy andan architecture to solvethe
problem, andas Hopkins noteswithsomesatisfaction, "wasdisbanded after
five years, having achieved our mission."

The mainpayoffof this experience in termsof teaching wasHopkins's
understanding of howa largetechnical company works, andof the "toolsof
the trade" used in industry R&Doperations. As Hopkins puts it:
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The main thingis that I' m now able to speak to studentsabout what it is like to

workin a bigcompany. I also now understand muchbetter the useof toolssuch

as data acquisition systems, graphical interfaces, and various software prod

ucts, and this knowledge helps tremendously with the material I introduce in

my course, as well as in my discussions with students. It also improves my

credibility.

The on-again off-again teaching and serviceat R.I.T. was not muchof
a problem given the way classes begin and end each quarter. But Hopkins

admitted it wasa little moredifficult at Xerox. "It sometimes becametricky
to wrap things up by the end of the quarter," he says. "But continuing on
one day a weekduring the time I was at R.I.T. helpeda lot."

Hopkins feels that the arrangement was particularly valuable during
his first few years at R.I.T., but now he has decided to move to a regular
full-time professorship on the campus. "I want to establish myselfas a pro
fessorat R.I.T. whodoeshis own research," he says."WhenI wasat Xerox,
I was part of their research program, which was fine at the time. I didn't
have to worry about going through the hassle of finding research support
and the like, which really helped me as a new professor. But now I'm at a
point where I want to pick what I do and study the stuff I'm particularly
interested in."

Hopkins is currently working in the area of predictive diagnostics,
the goal of which is to find feasible meansof extracting information (from
the color xerographic environment) and using it for automatic failure
prediction, as well as automatic diagnosis. "Clearly, this work derives from

my earlier studies at Xerox," says Hopkins, "and this is important for any
professor who wants to builda research reputation. Another faculty member
has taken my place at Xerox, and I anticipate that he will have an equally
successful experience."

Multidisciplinary Research and the Untenured Professor

My approach is to bet on people, not projects. During my tenure as director, I

want to bring in outstanding, nonsenior faculty. It makes things much more

exciting from a research point of view, and besides, these are the faculty who

make the best teachers.

Greg Petsko, who has appointments in both the Chemistry and
Biochemistry Departments at Brandeis University in Waltham, MA, is
talking about the Brandeis Rosentiel Basic Medical Sciences Research
Center, a multidisciplinary facility ideally suited to beginning faculty who
want to work at the boundaries of disciplinary research.
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Established in 1973, the Rosentiel Centeris housed in a singlebuilding
designed for extensive interaction. Faculty from the Physics, Biology,
Biochemistry, Chemistry, and Biophysics Departments are all represented
here. The physical attributes of the center,which play an important part in
its overall philosophy, are as follows [7]:

The first floor contains a classroom, administrative office, and an electron

microscopy facility. The secondfloor houses sharedservicessuch as fermenta

tion, glassware washing, electronics and machine shops, supply stores, and

peptide and DNA synthesis facilities. Floors three through six house the

researchlaboratories of the facultymemberswhobelongto the center,and who

are grouped, four per floor, according to broad research interests. The third

floor is developmental and cell biology; floors four and six house the structural

biology laboratory, and the fifth floor is devoted largely to immunology. The

seventhfloor is a penthouse/cafeteria whereall members of the centercan min

gle for lunch and Friday tea.

The laboratory space is located in a totally open architecture with no physical

barriers between research groups. Students from different groups are lumped

together in offices and labs around the periphery of each floor, and common

equipment and other facilities occupythe central region, wherepeoplenaturally

interactas they work.Facultyofficesare locatedin the laboratory areas,so that

faculty are alwaysaccessibleand in touch with what is going on.

The result of this physical arrangement, according to Petsko, is a
multidisciplinary environment unlike any other.

Thereare yeastgeneticists sharing spaceand equipment with physicists building

X-rayarea detectors, who in tum rub elbows with celJular immunologists, who

in tum use the same facilities as proteinand virus X-raycrystallographers, and

so on. You can find, as close as the next office,a personto answerquestions on

unfamiliar fields, to teach your studentsa new technique, or to collaborate in a

broadly based research endeavor.

Howwelldoesthisworkforbeginning faculty whomaywantto become
involved in multidisciplinary research, but whoalso wantto develop an indi
vidual research identity and an affiliation witha particular department?

"Every faculty member at Brandeis has an appointment in a regular
department," notesPetsko. "If we then want to locatethemin the center,we

go about convincing them it is to their advantage to do so." Petsko feels
there are a numberof reasons why such an arrangement wouldappeal to a
youngfaculty member.

First, there are the common set of facilities, equipment, and tools. For a new

faculty member, in particular, havingthis infrastructure available and supported

by a critical mass of people can be very helpful. Wecharge faculty from their
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grants for such support, but the center also has funds to help faculty through

"dry" periods betweengrants. We also have the administrative support to help

faculty with the preparation and tracking of proposals and grants, which can

make a huge differencefor beginning professors.

The center also aggressively promotes its younger faculty for awards
and positions on editorialand review boards. Given the above, it is not sur

prising that most faculty consider it an advantage to be asked to locate their

office and laboratory in the center. Department chairs support such a move

for their young faculty because it helps defray costs and increases the like
lihood that faculty members will be successful.

How does all this interdisciplinary activity play out when it comes

to tenure?In virtually all schools, as Petskopointsout, tenure is granted by
the host department. However, the center does offer its input based on the

recommendations of its committee. The key is the way Brandeis looks at
multidisciplinary research in tenuredecisions. According to Petsko:

Here, collaborations of an interdisciplinary nature are not only not seen as a

problem at tenure time, they are seen as a giant plus. We regard collaboration

and interaction as the right thing to do. and consequently we look for people

from the start who intend to operate this way. In the life sciences, most young

people want to do interdisciplinary work because the field is so "systems

focused."This systemsemphasis is less common in physicsand chemistry, but

here we are certainly making progress.

Petsko, who also teaches an undergraduate course in detective fiction
at Brandeis, offered an interesting metaphor to sum up how his university
in general, and the Rosentiel Center in particular, supports its youngfaculty.

At some schools, the faculty and administration stand on the deck and throw

their youngprofessorsanchors,and wait and see if any of themcan stay afloat.

At still other schools, they just stand there and watch you thrash about. At

Brandeis, we help you learn how to swim, and if it's necessary, we will throw

you a life preserver.

Cross-University Collaborations

Few schools can stand alone anymore. Joint experiments with other universi

ties are going to be the norm.Wewill needa new paradigm,one that valuesand

recognizes team research where each person draws upon, and contributes to,

the work of others. Yet, we may need a generationto pass through before such

collaborations are really valuedand completelyaccepted.
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So says Nino Masnari, professor of electrical engineering and director
of the Center for Advanced Electronic Materials Processing (AEMP) at
NorthCarolinaStateUniversity (N.C.S.U.) in Raleigh, NC. Masnari should
know. His center, established by the National ScienceFoundation in 1988
and headquartered in the Collegeof Engineering at N.C.S.U., is one of the
oldestexamples of multiuniversity research collaboration. It is also a likely
model for other universities in the comingdecades.

According to Masnari:

Part of our original proposal was to have projects ongoing within different

departments and at the various universities and institutes. It was understood

these would not be stand-aloneefforts, but ones that were integrated into the

overall mission of the center.This approach is one of the reasons why there is

such close collaborationamong faculty in so many different locations.

In addition to the research at N.C.S.U., work under the auspices of
AEMP takes place at the University of North Carolina-Chapel Hill, the
University of North Carolina-Charlotte, Duke University, the North

Carolina Agricultural andTechnical StateUniversity, the Research Triangle
Institute, and the Microelectronics Center of NorthCarolina.

As Masnari describes it, AEMP:

is developingtechnologies for in situ, single-waferprocessing(cleaning,depo

sition, etching).The center deals with automationand control of the individual

processesand their integrationinto single-waferprocessingmoduleclusters.

Our efforts involve collaborationamong chemists. physicists. materials scien

tists, and electrical, mechanical, chemical, and computer engineers. and

involvesgraduate and undergraduate students in variousdisciplines,as well as

advisors from industry.

Whatdoessucha centermean forbeginning faculty whodo notyet have
tenure, who are looking for ways to obtainresources, who may want to col
laborate across institutions, but who must also make a namefor themselves
in research? These are similarto the questions raised by Greg Petsko in the
previous vignette, exceptthatnowthereis the added dimension of collabora
tionoutside the four walls of a particular building at a single institution.

"The National Science Foundation was concerned about this situation
from the very beginning," saysMasnari. "With young faculty working across
disciplines and across universities, how were they going to do what was

necessary to meet the traditional requirements for promotion and tenure?"
Since its inception in 1988, eight of the nine young faculty associated

withAEMP have gotten tenure and/orhave been promoted. "These include
professors in electrical engineering, chemical engineering, and physics, plus
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one or twootherfields," saysMasnari, This kindof success only takesplace
if boththe centerand the department takeownership of the faculty member.
"There has to be an understanding up front that there will be a clearly
defined path toward research and tenure; otherwise, it just won't work."

That is the good news. Masnari wenton to note, however, that:

There are still somefaculty who hold to the old classical faculty scholarmodel

where a professor works alone with a few graduate students and takes sole

responsibility for obtaining the resources he needs. Someof these faculty look

askance at the younger professors who have a leg-up on getting resources

through thecenter. They feel these faculty haven't had to workas hard to obtain

resources and/or support,so the senior faculty tend to devalue their work.

This situation is changing, but as Masnari noted earlier, it may take a
whilebefore everyone sees value in this kindof research. "Not everyone is
cut out for operating in this team-oriented way," says Masnari, "But for

thosewhoare, it can bea wonderful wayto makesignificant contributions."
Of course, the real test will come when Ph.D.s based on dissertations
involving such collaborations are accepted by the broader academic com
munity. AEMPis certainly doing its part in this regard. Since its founding
in 1988, the Centerhas had an impacton the workof over 85 Ph.D.and 75
master's degree students. Approximately half of the Ph.D. dissertations
were based on work involving teams from departments such as electrical
engineering, materials science, chemistry, and physics.

While the major focus of AEMP is on advanced research, Masnari
is also proud of the center's educational efforts. One example is AEMP's
summer program for undergraduates involving students from North
Carolina Agricultural and Technical State University and other historically
blackcolleges and universities. At N.C.S.U., the students design,build,and
test integrated circuits, give presentations on their work, and meet with
faculty mentors from a number of institutions. Masnari notes proudly,
"Sixty-five to seventy percentof these students end up going on to gradu
ate school."

IN ADDITION: WRITING RESEARCH PAPERS

In the first section of this chapter, we discussed the writing of research proposals.

Now, let us look at the other end of the research continuum, the writing of papers

reporting on the results of your research work. We examined this topic briefly in

Chapter 5. Here, we will take a more in-depth look at what two books have to

say about such an important activity. The books are: A Ph.D. is Not Enough: A

Guide to Survival in Science, by Peter J. Feibelman [8], and The New Professors

Handbook: A Guide to Teaching and Research in Engineering and Science, by
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Cliff I. Davidson and Susan A. Ambrose [9]. We referred briefly to parts of

Feibelman's book in earlier chapters, and discussed the contributionof Davidson

and Ambrose to course preparationin Chapter 11.The discussion on the writing

of research papers appears in Feibelman's Chapter 4, "Writing Papers:

Publishing Without Perishing,'" and Davidson and Ambrose's Chapter 9,

"Writing Research Papers."?

Both chapters begin with a discussion on the importance of writing and

publishing high-quality research papers. The authors admonish you not to view

publishingas a "requirement" imposedby the system,but rather as a way for you

to gain acceptanceof your ideas while also telling the worldof the resultsof your

hard work. Publishing can also be, as Feibelman points out, "a timeless adver

tisement for yourself' [8, p.39]. That said, you also need to remember that you

cannot take back a publication. While excellent papers will serve as a permanent

public recordof your accomplishments, poor papers will damage your reputation

[9, p.127]. And poor papers do get published. One measure of the quality of a

paper is the degree to which it is cited by others in the field. While the normsfor

citing papers differ among fields, approximately 55% of all articles published in

top journals worldwide are never cited by anyone [9, p.127].3

Davidson and Ambrose follow their discussion of the importance of

publishing with a look at four types of research papers: (1) peer-reviewed papers

in journals, (2) conference papers, (3) research reports, and (4) books or book

chapters [9, pp.128-129]. While there are exceptions, generally peer-reviewed

papers are of a higher quality than are those that appear in other forums. These

are the papers that count most when reviewing a publication record for promo

tion and tenure. Conferencepapers, which cover in more detail the topic you are

going to present orally at a conference, mayor may not be peer reviewed.
Research reports are those usually required by funding agencies, are more

detailed than the journal or conferencepapers, and generallyhave a more limited

audience. Of course, they are often the basis for the first two types of papers.

Books or book chapters give you even.more space to tell your research story,

althoughthe level of detail you presentdependson the audience [9, pp.128-129].
Both Feibelman and Davidson and Ambrose spend most of their respective

chapters discussing the writing of peer-reviewed journal papers. In this connec
tion, is it better to publish shorter, more frequent papers, or longer, less frequent
papers?As was pointedout in Chapter 5, some fields, such as microbiology, lend
themselves to shorterinvestigations that can be reported more frequently, whereas

, Adaptedfrom [8].

2 Adaptedfrom [9].

3 Given this statistic, most authors would be happy to have their papers cited just once.

However, if you want a standardto shoot for, look no further than physicistEdwinWitten,whose96

paperson superstring theory publishedbetween 1981 and 1990were cited by other scientistsa total

of 12,105 times [IO]!
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other fields, such as population biology, may take longer to produce publishable

results. While all three authors argue for high quality, Feibelman takes the view

that, where possible, shorter, more frequent papers that later can be combined

into a significant review paper are a good approach for beginning researchers.

Such papers can: (I) provide evidence to your supporters of the results of your

work, (2) keep your name in the academic spotlight, and (3) reduce the chances

of your being scooped by your competitors [8, pp.40-43].

Feibelman suggests that you organize a research paper somewhat as you

would a newspaperarticle, that is, tell the same story several times by going into

increasing levels of depth and difficulty [8, pp.43-44]. The title itself (equiva

lent to the newspaper headline) is very important since it will determine if busy

readers will go further. It needs to be, says Feibelman, "concise, accurate and

compelling" [8, p.44l.
In both of their chapters, the authors emphasize the importance of the

abstract, which follows the title, and which is usually from 50 to at most 300

words. It is often circulated much more widely than the article itself, so pay close

attention to it. Davidson and Ambrose describe two types of abstracts: descrip

tive, which lists the contents of the paper, and informative, which describes the

most important results and their significance [9, p.132] Research papers should

use the latter.

The abstract is followed by the introduction. According to Davidson and

Ambrose, the introduction serves several purposes [9, p.133]:

It describes the generaltopicarea of the paper, lists the specific problems of interest,

and presents the motivation for the work. Unless the manuscript is very short, the

introduction shouldalso include statements about the organization of the paper: list

ing the major sections helps the reader understand the flow of ideas that follow.

Feibelmanhas an interesting way of overcomingthe difficultymost of us feel

when writing an introduction to capture what new knowledgehas been produced

by our research. He says [8, pp.45-46]:

In my introduction I want to let my reader know what this new information is, in a

nutshell, and why it is worth readingabout. Sittingat the word processor, I imagine

that I am on the phonewitha scientistfriendwhomI haven't spokento in sometime.

He asks me what I have been doing recently. I write down my imaginedresponse.

If, when you try this, you feel an attack of writer's block coming on, tum on a tape

recorderand actuallycall a friend. It works.

Next comes the literature review where citing the work of others is essential.

Obviously, you want to show the connection between their work and yours. Not

only does your professional integrity demand this, to do otherwise would be a

case of fraud. It also certainly does not hurt to give credit to colleagues, some of

whom will be reviewing your paper for publication.
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Davidson and Ambrose then discuss the stating of your research objectives

and how to describe your methods of achieving them. With respect to the latter,

they suggest that you describe the equipment and experimental procedures for

laboratory or field work, and the mathematical relations and solution techniques

for a theoretical study [9, p.134].

In the results section, which usually follows the section on objectives, you

should refrain in most cases from including raw data, but rather, you should pre

sent the results themselves with some explanation of how you got to them [9, p.134].

The discussion section, which usually comes next, explains the significance

of your results. According to Davidson and Ambrose, a poor job here is the main

reason for rejection of most journal papers. As they put it [9, p.135]:

In some cases, there is a fatal flaw: the research results are simply not significant

enough to warrant publication. In othercases, the findings are interesting and worth

publishing, but the discussion is inappropriate. For example, the author may be

afraidto makea bold statement even when it is supported by the data (perhaps the

truesignificance of the workis not recognized), or conversely the authormay make

unsubstantiated, sweeping claimswhenin fact only modestclaimsare warranted.

Some papers follow the discussion section with a section on future work. If

this is the case, such statements should be limited to broad overviews of the

directions you see your research taking, and not the kind of detail that would fit

into a forthcoming proposal [9, p.136].

Next to the title and abstract, the section most likely to beread by most readers

is the one with the conclusion or summary statement. A conclusion states the out

come of your work, whereas a summary is a brief statement covering the main

points of the paper [9, p.136]. Either, or both, may be found in a research paper.

While the two books discussed above, plus standard writing references such

as The Elements of Style by Strunk and White [11], can be extremely helpful

in the development of your research papers, do not forget what may be your most

important resource: your research colleagues. Asking colleagues to give you

critical feedback on your drafts before submission to a journal can save you

tremendous time and considerable grief, and will go a long way to increasing

your chances of eventually having your paper accepted for publication.

CONCLUSIONS

What messages can you take away from the vignettes of this chapter as you

undertake the research component of your academic career? There are several.

First is the stress placed on going beyond your dissertation or postdoc research.

You can certainly build on this research, but now is the time to broaden your per-
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spective, and as Hopkins says, "set sail beyond the lagoon." Recall the example

of Brian Love, professorof materials science at the VirginiaPolytechnicInstitute

and State University. Within the more fundamental field of surface science, Love

specialized in the bonding of semiconductor packaging materials. However, as

time went on, he expanded his "applications portfolio" to include dental crown

bondings and bondings for implanted prosthesis devices. Staying within the

surface sciences theme, but expanding the areas to which it could be applied,

allowed Love to, if you pardon the expression, broaden his contacts, while also

increasing his funding options.

The second message of these vignettes is about the importance of setting

aside time to work on your research, that is, to place it in Steve Covey's

"Quadrant of Quality." (See Chapter 10.) Doing so may seem easier at Research

I and II universities, where research expectations are higher and teaching com

mitments are lower, but, in fact, having even more unstructured time may make

it more difficult. At all institutions and at all levels, it is incumbent upon you to

manageyour time and set aside uninterrupted periods for all forms of scholarship.

The third message of the vignettes is about the value of collaboration. As we

have seen, research collaborations are now the norm, be they Lew Lefton meeting

with a fellow mathematics professor down the hall, Mark Hopkins working with

his research team at Xerox, the physicists, chemists, and biologists working on

cancer researchat the Rosentiel Center,or the electricalengineeringand materials

scientists workingacross universities at AEMP. To be sure, some faculty still pre
fer to work alone or withjust a few graduate students, but this is less and less the

case as topics become morecomplex and the advantages of collaboration become

ever more obvious.

Keep in mind that collaboration can take many forms. Most efforts are

discipline-focused, with two or more people working in the same area, each con

tributing ideas, special expertise, and unique resources. Increasingly, however,

such collaborationsare multidisciplinary, as we saw in the Brandeis example. In

all situations, an important issue, particularly for beginning faculty, is how to

make significant contributions to a team effort whileat the same time establishing

your credentials as a creative, independent researcher. We will look more closely

at this challenge in the next two chapters.

The other messageof this chapter is that no matter what type of research you

choose to engage in, you need to pay attention to what happens before you actu

ally do the research (proposal writing), and what happens after you complete the

research(report writingand publishing). Several suggestions with respect to both

of these tasks were offered, based on material found in three very worthwhile

books. Remember, however, that you do not need to undertake these tasks alone.

Follow the approach of the "quick starters" of Chapters 10and II. A's is the case

with teaching, you have numerous resources at your institution to which you can

tum, the most important of which are your successful faculty colleagues.
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CHAPTER 13

Insights on Professional

Responsibility

For 2,000 years the biblical iniuncfion, "No one can serve two masters," has

beenconsidered sound advice on the issue ofconAid of interest. Faced with seem

ingly contradictory mandates from essentially three masters-industry, society,

and their ownacademic tradition, many engineering departments and their fac

ulty can appreciatesuch advice. In fact, some are beginning to wonderifserving

industry's needs while at the same time appeasing the public's demands, and

maintaining institutional loyalty is becoming an order too tall to fill.

Vincent Ercolano,

ASEE Prism [I, p.20]

SEnlNG THE STAGE

Teaching and other forms of scholarshipare the primaryduties of all new faculty.

There are, however, other activities that will command your attention.

Departmental service, participation in professional societies, and consulting and

other relationships with government and industry are just a few possibilities.

These latter activities not only have intrinsic value in themselves, if chosen care

fully, they are capable of adding significantly to your primary responsibilities.

In all of your work, you will want to follow the highest ethical standards,

and in most instances, doing so will not be a problem. Yet, there will be times,

particularly in your teaching and research, when knowing and doing the "right

things" are not as simple as they sound. For this reason, it is important to look at

how you can find guidance in making the "right calls" in ethically problematic

situations.
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Robert E. McGinn, author of Science, Technology, and Society, has taught a

number of courses on technologyand society and on ethical issues in science and

engineering. He has generated a list (see below) of 15 "ethically problematic

behaviors in science." The list focuses on research-related conduct, and as you

can see, with the exception of a few items (I, 2, 5, and 8, for example), these are

not simple black and white matters with easily prescribed courses of action. The

list includes the following behaviors [2, pp.I-2]:

I. Falsifying (e.g., "cooking" or "trimming") data obtained from a genuine

experiment.

2. Fabricating experiments to "obtain" or "generate" data.

3. Misrepresentation in funding requests (e.g., hyperbole regarding previous

accomplishments or future value of research).

4. Giving undue credit or failing to give due credit to someone regarding

authorship of research work.

5. Deliberately misleading research competitors to "throw them off the

trail" in order to improve one's chances of "getting there first."

6. Failure to secure bona fide "informed consent" from experimental sub

jects (for example, the Tuskegee experiment involving subjects with

syphilis, or recent Departmentof Energy revelations regarding testing of

civilians with radioactive substances).

7. Failure to take steps to insure "fair play" in one's laboratory (e.g., dis

crimination against or sabotage of the work by one or another party or

group).

8. Plagiarism.

9. Demeaning a competitor's work to boost one's own.

10. Allowing one's research findings to be used in a misleading or poten

tially harmful way for personal or group political or economic gain.

II. Publishingone's work in LPUs (Least Publishable Units) to increase the

number of one's publications.

12. Failure to "blow the whistle" on someone whose work is known to be

defective where failure to do so may endanger the public interest or put

a private party at risk of incurring unjustifiable harm.

13. Failure to conduct a fair-minded and scrupulous review of a scientific

paper for which one is a referee.

14. Providing a biased or facile evaluation of a proposal for research fund

ing for which one is a reviewer.

15. Influencingscientific research projects of one's subordinates (e.g., grad

uate students) in order to advance research in which one has a vested

economic interest (e.g., because of owning stock in a company which

stands to benefit from the skewed research).
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The first step in avoiding many of these behaviors is to acknowledge their

existence, and by so doing, bring them out into the open for discussion. Many of

your more experienced colleagues will have encountered one or more of these

behaviors in their careers, and may be able to share experiences that can help if

you find yourself in similar situations. In discussing these matters, it helps to be

aware of the pressures leading some faculty, in spite of their best intentions to the

contrary, to engage in such conduct. McGinn has looked at this issue in some

detail, and has postulated a dozen "factors conducive to misconduct in contem

porary science." They are [2, p.2-3]:

1. The institutionalization of contemporary science (with all that this

implies regarding the indispensability of obtaining substantial, ongoing

funding).

2. The concept of an obsession with "success" in U.S. society, something

which translates into great value being placed on obtaining desired

results and which tends to devalue the importance and integrity of the

process by which the results are obtained.

3. The difficulties that stand in the way of replicating previous experiments

(e.g., difficulty of obtaining funding to replicate someone else's experi

ment).

4. The time that must be spent writing and marketing proposals to obtain

funding for one's laboratory or institution, resulting in less time being

available for transmitting "integrity values" to one's students "at the

bench."

5. Fear of being hit with a lawsuit if one blows the whistle on a colleague
or superior.

6. Fear of ostracism by colleagues if one blows the whistle.

7. The highly competitive nature of contemporary science regarding

obtaining funding, being first in print, and obtaining one's own labora

tory or a coveted endowed chair.

8. The high prestige attached by institutions and departments to having

colleagues who publish prolifically and the related reward system.

9. The unprecedented degree of specialization in contemporary science

(resulting in the prevalence of "a vulgar quantitative mentality" regarding

publications).

10. The huge (about 40,000) number of scientific journals extant (resulting

in the publication of much work of dubious scientific value and the

difficulty of detecting fraud).

11. The lack of will and absence of an effective mechanism in science to

root out fraud.

12. The pressure on young scientists to obtain significant funding and

publish a lot to get tenure.
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Perhaps you recognize a number of these pressure factors from our discus

sion of forces for change in teaching and research in Chapter 3.

We will now take a look at four faculty vignettes, each with ethical implica

tions. The first two describe activities that have the potential to enrich your

professional life, while contributing significantly to your teaching and research.

The third and fourth vignettes exploreethical issues in teaching and researchlike

ly to be encountered by most scienceand engineering facuIty. (See Figure 13-1.)

Professional responsibility.

PROFESSIONAL RESPONSIBILITY

Ｍ ServketoVour Ｍ Consuhingand Ｍ Ethics in Ｍ Authorship Ｍ
Department Other Industry the Teaching and
and Your Relationships of Stience and ｸ ｨ ｯ ｬ ｯ ｲ

Profession Engineering Reviews

iiii iiii iiii iiii iiii

In Vignette #22, Mary Anne Carroll, of the University of Michigan

(Research I institution), urges young faculty to stay away from university-wide

committee assignments, but points out that there are good reasons to become

involved with the work of your department and one or more of your profession

al societies. Not only does departmental service demonstrate your willingness to

be a good citizen, in some cases it can lead to direct benefits in your teaching and

other forms of scholarship.While professional society service can make a differ

ence when it comes to obtaining support from faculty outside your institution, at

tenure time, for example, it can also help you identify a research thrust that has

broad support within your discipline.

Our second vignette (#23) focuses on how the right kinds of consulting

and other relationships with industry can enrich your teaching, research, and

professional development. Professor Hau Lee, of the Industrial Engineering and

Engineering Management Department at Stanford University (Research I insti

tution), looks at various types of consulting arrangements, their strengths and

weaknesses, and how you might go about preparingfor the ones that are right for

you. He then offers specific guidelines designed to help you get the most from

your efforts while maintaining the desired ethical standards.
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Vignette #24 looks at teaching and learning standards, an area not often

discussed by either beginning and experienced faculty. Norm Whitley, professor

of mechanical engineering at the University of New Orleans (Doctoral II institu

tion), raises importantquestions about what it means to be a responsible teacher

and learner. He then discussesthe impact unacceptable faculty behaviorcan have

on both studentsand the engineering profession. Whitleyconcludesby proposing

five ethicalprinciples that he feels shouldbe adoptedby all teachersand students.

In our final vignette (#25), Donald Kennedy, professorof biology and pres

ident emeritus of Stanford University, takes a look at professional responsibility

and academic duty, particularly in the context of academic authorship and the

review of scholarly papers, research proposals, and grants.

After examiningthese vignettes,we will take a further look at faculty ethics

in our "In Addition" section by discussing three specific ethical dilemmas

involving: (1) the appropriation of anotherperson's ideas, (2) conflict of interest,

and (3) the questionable use of another investigators data. We conclude with a

suggestion on how new faculty can find help in dealing with these difficult and

challenging"gray areas."

Service to Your Department and Your Profession

Stay away from university service until you get tenure. Departmental service

makes sense for a lot of reasons, but only if done within strict limits.Active

participation in your professional societies, on the other hand, can yield real

benefits.

Thisstatement sumsuptheview of Mary Anne Carroll, a tenured asso
ciate professor of atmospheric, oceanic, and space sciences at the
University of Michigan inAnn Arbor, MI.Carroll echoes theviews of many
experienced professors when she recommends staying away from university
wide service in youryears prior to tenure. True, such service can be a way
to get to know howyourinstitution functions, to be "seen"by higher ups in
the administration, and possibly meet faculty in other departments with
whom you may wish to collaborate. Yet, the time involved in suchactivity
is oftengreat, and there are otherways of accomplishing many of the same
objectives. After you receive tenure, there will be many opportunities for
institution-wide work.

Departmental committees are another matter. While service is neveras
important as teaching andresearch when it comes to tenure decisions, there
are some good reasons for you to be on such committees early in your
career. As Carroll points out:

Servingon departmental committees demonstrates your good citizenship and

your willingness to pull your weight. It also showsyou are someonethe rest of

the department wants to have around. In addition, it gives people a chance to
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see and hear you in action, to get a read on how you think, and to measureyour

reliability and responsibility. Remember, these are people you are going to

work with for many years to come, and you can't simply wait until you get

tenure to start being part of the department.

Many departments really want and need input from younger faculty
whooften havea different and refreshing perspective. As one professor put
it, "We need these young Turks to push us in new directions, faculty who
don't knowall the history and all the reasons whysomething can't be done."

By serving on a limited numberof departmental committees, you will
alsocometo see howothers in the department thinkand feel, and also iden
tify the people with the most influence and the best ideas.

Of course, in some cases, you may not have a choice, as in small
departments where it is essential to spread workout among a limited number
of faculty. Undersuchcircumstances, youwantto serveon committees where
you can have a real impact in areas directly related to your teaching and!
or research.

Carroll mentions a case of a colleague in another department who
agreedto serveon his department's graduate studentadmissions committee,
with the understanding that he would only need to look at the folders of
candidates who he thought were promising for his particular field.

Another area of service is the one within your professional community
beyond your college or university. Everybeginning faculty member should
engage in such service at some level. As Carroll explains it:

It is not enough to know the few people in your particular specialty. You need

to become known to the broader communityof which your specialty is a part.

These are the people who you will need to go to for your tenuresupport letters.

But there is more to it than that. By makingcontactsoutsideyour specialty, you

broaden your research horizons, and this broadening is critical for someone

trying to establish a future researchdirection.

Professor James Sweeney, of the Engineering Economics Systems and
Operations Research Department at Stanford University, backs up Carroll
when he urgesyoungfaculty to:

Start becominga colleaguewith people beyondyour institution. Start network

ing now, even in other countries. And don't confine yourself to your current

discipline. Broaden your perspective. After you become a full professor, you

will want to move into a leadershipposition; therefore, it is important now to

makecontacts,volunteerto serveon professional committees, andorganizeses

sions.This involvement is all very important for your professional development.

There are many ways to get known in your research community.
Attending conferences in your field, asking questions after a presentation,
and giving your own presentations on a consistent basis are the key.
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According to Carroll:

Once you start submitting papers, you will be asked to reviewother papersas

well as grant applications. A certain amountof this activity is very important.

For now, stay away from reviewing books or writing chapters, but do get

involved in some peer review of articles and research proposals. It gets you

known by the granting agencies and the editorsof journals,and will provevery

helpful with your research and with those tenure letters.

Carroll points to an interesting program in the atmospheric sciences

designed to help young faculty become established in their professional

community. Called ACCESS (Atmospheric Chemistry Colloquium for

Emerging Senior Scientists), it is intended specifically for new and recent

Ph.D.s. ACCESS holds its meetings every other year in connection with

what are known as Gordon Conferences, week-long retreats held at

a remote college or university campus. About 25 new and recent Ph.D.s

typically attend the ACCESS meetings. From 50 to 100 researchers attend

a single Gordon Conference. In Carroll's words:

The ACCESS meetings are a chancefor new and recentPh.D.sto give presen

tations on theirdissertations or otherrecentresearch, meetfunders fromvarious

agencies, and talk withjournaleditors.Such meetings are a way to begin to be

identified with yourresearch community.

The Gordon Conferences focus on a particular theme, with invited

speakers, panel presentations, and discussions. However, the participants

also take time to hike and play games together as an additional way to get

to know each other. The ACCESS meetings take place two days prior to the

Gordon Conference. All ACCESS participants are invited to attend the

Gordon Conference, with their expenses covered by the National Science

Foundation and other supporting agencies.

While not unique in science and engineering, ACCESS-like programs

are not common. More such efforts would go a long way toward helping

new faculty get started on the right foot in relationship to their research

community.
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Consuhing Dnd Other Industry Relationships

Engaging in consulting and other industry projectscan be important for a suc

cessfulprofessorial career in engineering, and even somesciences. In my field,

there is a trend towardplacingmore and more valueon such activities, some

timeseven in tenuredecisions. The key is to do it well, leverage such activity
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towardresearchand teachinggoals, learn from your mistakes, develop the right

principles, and maintain the discipline that enables you to use these activities

to further your teachingand research.

All good advice from Hau Lee, a tenured professor of industrial engi
neering and engineering management in the School of Engineering at
Stanford University. Lee feels there are a number of reasons for faculty,
both beginning and experienced, to develop working relationships with
industry. Engineering is, afterall, an applied fieldand industry; in addition
to being a good reality check, it is an excellent source of ideas, data, and
problems. Lee has found "tremendous wisdom and experience out there."
Relationships with industry enrichhis research, teaching, and professional
development. In addition, consulting andothercollaborations withindustry
can provide research support, additional income, and help with the place
mentof students. Lee explains it this way:

Such experiences will enable you to say to students and colleagues that you

have seen the work of government and industry. They give you a more sea

soned credibility while providing you with an important window on what is

truly relevant.

Withrespect to new faculty and their research, Lee makes the follow
ing point:

At the Ph.D. stage, you have been guided mostly by your advisor in terms of

what researchyou do.As a newprofessor, you are responsible for selectingyour

own topics and your own direction. You have to find your way,and do what is

relevantto you and not to your advisor. Working with industrycan provideyou

with insightsto help you determine your own direction.

With respect to consulting, however, Leecautions young faculty not to
move too fast witharrangements outside the university structure. "Don't do
this only for financial gain," he advises. "You simply don't have the time."
Lee urges young faculty to stay away from expert witness or pure service
assignments thatcancauseconsiderable stresswhiledoingnothing for your
teaching and other forms of scholarship.If you do choose to do consulting,
Lee recommends that you:

• Abide by university regulations, and make sure the work does not

interfere with teaching and research;

• Choose subjects within your areas of expertise and interests;

• Set up rules for pricing (e.g.,travel time, court time, teaching, initial

meetings... ),butbeprepared to besomewhat flexible if neededlater;

• Always look for teaching and other scholarship opportunities

through such engagements;
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• Spell out clearly the terms of confidentiality and publication

rights;

• Identify and workwithindividuals and managers who havestrong
interests in the success of the engagement.

Leepoints out thatmost young professors are not likely to be hired as
consultants. Ashe puts it:

Senior professors are more well known, and are hired for their expertise as

consultants. Young professors are less well known, and are more likely to be

engaged for their research capabilities in a particular area, usually under

a research contract or industrial gift arrangement. It is often better for new

professors to bringwork into the university throughresearchcontractsor gifts.

With this approach, everythingis above board, which is particularly important

if you are using studentswhereyou don't want there to be even the appearance

of a conflictof interestor commitment.

Leelistsother examples of faculty-industry relationships such as:

• Company gift funds, usually for lessdefinedresearch activityand

withoutspecific deliverables

• Company partnerships with university research centers or affili

ate programs

• Foundation-funded researchstudies

• Company-government-university research partnerships.

When engaging in such arrangements, Lee advises that you:

• Make sure there is an explicit delineation between sponsored
research and gift funds,

• Seek a clear understanding of expectations and deliverables,
including the intent to publishparts of the work,

• Specify the participation and involvement of company personnel,

• Recognize the importance of periodic site visits and management
briefings,

• Demonstrate your willingness to listen, observe, and change

focus when necessary,

• Actively solicit coauthorship with industry participants,

• Do not "nickeland dime" everything; thinkof the long-term rela
tionship,

• Spell out clearly confidentiality terms and publication rights,

• Involve students as much as possible.
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There are a numberof ways for you to get started withconsulting and
other industry projects. Former advisors, and even former student col
leagues, can be good sources. As time goes on, your own former students
and postdocs willprovide contacts, as will liaisons fromindustry. Leepoints
out that word-of-mouth after a certain number of successes, visibility from
publications and presentations, referrals by colleagues, and even cold calls
into the university have all worked for him.

Lee obviously believes that these relationships have real value to him
as a professor. He sums it up this way:

I try to developa teaching case or find other ways to integrate the materialinto

my courses.Often, I am able to write an application paper from the work I do,

sometimes with a coauthorship from someone in industry. In addition, I can

usually find ways to extend the work I did with industry and the data they

provideme with by stimulating doctoral students to workon such problemsin

their dissertation research. Withall this kindof leveraging, it's hard to see why

I wouldn't want to developsuch collaborations.

• · .. ｾ Tea(hing and learning Standards

Today, moreattentionis beinggiven to the teachingof ethics,and this is good.

But what about the ethics of teaching?As a professor, you have to constantly

ask, HAm I doing the right thing?" If I teach statics by just reading out of the

book, and then fail 50% of my students,or pass all of them withAs and Bs, is

this ethical?At what point have I stopped teaching them? Professors need to

look long and hard at thesequestions, but most of them don't.

These are strong words from Norm Whitley, a tenured professor of
mechanical engineering at the University of New Orleans in New Orleans,
LA. Whitley is clearly concerned about a very important, but little dis

cussed, area of professional responsibility. As he puts it:

Toomanyfaculty believeif studentsdon't learn,then it is entirelythe students'

fault. There needs to be a concern for the bottom line here, particularly when

you are preparing students to go out and serve the public. Some faculty are

quite comfortable giving tests in which the high grade is 30/100 and passing

students with something like 15/I00. As a professor, you have to take some

responsibility. There are professors who believethe marketplace will take care

of theseproblems. Sure, a poorlytrainedgraduatemayeventually get fired, but

in the meantime, he or she could make a lot of mistakes and do a lot of harm.

As an example, Whitley refersto the rush to usecomputers in the class
room. He is not againstsuch use, but wonders if we have the cart beforethe
horse. Students can now run programs, use spreadsheets, and use software
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that does the mathematics for them. "But what about understanding the
fundamentals behind the spreadsheets and the simulations?," says Whitley.
"If they don't have this understanding, how do they (and we) know what
they are doing is correct?" As Whitley notes, many students, even in engi
neering, lackhands-on experience with"real things," and thishampers their
ability to make appropriate judgments. "A lot of engineering is intuition,"
he says, "and you don't build intuition by looking at a computer screen."

Whitley also raises the issueof whether or not teachers havean obliga
tion to cover the material described in the course catalog. As he explains it:

At my institution, faculty are not askedon a timely basis if they are following

and completing the syllabus. Everyone agrees we have a responsibility not to

send students on to the nextcourse if they don't knowthe material, yet we do

it all the time. In so manyscience andengineering courses, whatyou learnat a

higherleveldepends on what you learnat a lower level. If we don't cover the

material, or if wepassstudents whodon't knowwhat'sgoingon, weareputting

our students, and our faculty colleagues, at a terrible disadvantage. It only

increases the likelihood we willhaveto go overold material, which thenputsus

further behind in completing the syllabus. Eventually, we end up withstudents

whoare readyto graduate, but are clearlynot prepared.

Recognizing the lackof guidance for faculty in theseand other ethical
areas, Whitley, and someof his colleagues, havebeen working on a codeof
ethicsfor the College of Engineering at the University of NewOrleans. The
code, which is notyet in final form, is meant as a complement to theexisting
university-wide list of ethical principles found in the faculty handbook. The
college of engineering code, which applies to both students and faculty,

would have as its basis five ethical principles, wherein each individual

member shall:

1. Hold foremost that only after the acquisition of necessary and

sufficient knowledge shall an individual be an acceptable candi

date for the Profession.

2. Have responsibility for the acquisition of knowledge crucial to a

successful educational experience.

3. Promote an atmosphere for the free pursuit of knowledge and

intellectual fulfillment for each member of the Community.

4. Have responsibility to uphold the integrity of the College, the

University, and the Profession.

5. Represent work, ideas, or intellectual property as the efforts and

results of their true owners.

Among other things, the code, which in most respects could apply
equally well to science, will also list examples of unacceptable faculty and
student behavior.
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As we discussed earlier, in the decades to come, some colleges and
universities are not going to survivebecauseof various demographic pres
sures and demands for accountability from students and their tuition and
tax-paying parents. Schools succeeding in the marketplace will, among
other things, have to pay much closer attention to teaching and learning.
And, says Whitley, "An important component of this teaching and learning
will have to be attention to the ethical issues we havejust discussed."

Professional Responsibility and Academic Duty

We barely attend to such matters in academia, and it's certainly not part of

the curriculum. We talk about ethics in law, medicine, and to some extent in

engineering practice, but we don't do so for the one group (Ph.D.s) that will

replaceus. It mayhave to do with the notionof academic freedom, the idea that

somehow if we have academic freedom we can't have academic duty or

responsibility, that the twoare in some way inconflict.Well, academic freedom

doesn't mean you are "free" from constantlyasking yourself if you are doing

the right thing.

So says DonaldKennedy, a tenuredprofessor of biology and president
emeritus of Stanford University. Kennedy teaches a seminar, Professional
Responsibility andAcademic Duty, for Stanford Ph.D.candidates whoplan
to undertake academic careers. Topics coveredin the courseinclude: teach
ing responsibilities, ethical challenges to teaching, university governance
and faculty service, research as a competitive venture, intellectual property,
outside activity--conflict of commitment and conflict of interest, the uni
versity and the faculty, and faculty duties and obligations. In this vignette,
Kennedy focuses on two themes: (1) academic authorship and the reviewof
scholarly papers, and (2) research proposals and grants.

The most important issues, Kennedy notes,are not the ones that make

the headlines. "Fakingdata or fabricating experiments are in a senseeasy to
deal with because they are so obviously wrong."However, as he goeson to

point out, "In many other areas, there are huge variances in what is com
monlyregarded as the 'right thing,' and this creates 'zones of difficulty'not
alwayseasy to resolve."

Considerthe subjectof authorship.As wediscussed in Chapter2, coau

thorship of scholarly papers is now the norm in all areas of science and
engineering. Such authorship raises important questions about the alloca
tion of creditsince,as Kennedy puts it, "Determining from 'where our ideas
come' is not alwayseasy." He goes on to observe:

The consequence of People working together is that "ideas are in the air."To a

certain extent, we all "steal" from each other, and figuring out who thought

what and when, who gets credit, and in whatorder is a nontrivial problem.
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Conflicts often occur between faculty and graduate students, but they

can also take place among faculty. Different credit normsexist within insti
tutionsas well as amongvariousdisciplines. Kennedy describes it this way:

In some cases, the laboratory director's name goes on every paper. In genetics

and microbiology, for example, things tend to be "shared," and the director of

the laboratory is almost always on the list of authors even if he or she did no

direct work on the project. In populationbiology, it is the people who actually

do the work, usuallygraduate students, who are the only names on the paper.

Kennedy believes "complementary authorships," which also result

when a student's name is put on a paper as a career boost even if he or she
did littleor no work, is a form of fraud. It is, he says, "a case of authorship

being awarded, not earned."

For Kennedy, there is a simple test: "Can everyone of the coauthors

give a talk on the paper at a scientific meeting and defend it publicly in a
questionand answersession?" If not, then someattribution other than coau

thorship should be found. He suggests that in many cases, "with technical
assistance of" will suffice.

Of course, the other side of credit is blame,and as Kennedy notes, this
fact putsa differentperspective on coauthorship.vlfeverybody's name is on
the paper, and if someonecooks the data, who should be responsible? How
should blame be allocated?Should it be the same as credit?"

Kennedy urges faculty to: "Make clear to your students and postdocs
the norms of your culture and what is expected in your laboratory. Make
these expectations clear right from the start, and you'll save yourself a lot
of problems later on."

Another area providinga great many ethical challenges is the review
ing of scholarly papers, proposals, and grants. Here, Kennedy echoes a
point made in Chapter 3, by Leon M. Lederman of the American
Association for the Advancement of Science. As Kennedy puts it:

Research/scholarship is a very competitive activity, and there are lots of pressures

on those who do it, evaluate it, support it, and measure it. These pressures raise

a number of issues around the role of reviewers and editors, how we recognize

the contributions of others, how we assign priority to various works, and how we

deal with moral restraints on the use of information.

Kennedy points out that criticism of most scholarship, published

and submitted, is negative and unfriendly. "The idea," he says, "is to be

'cleverly critical.' " This behavior leads to disputes among authors and

reviewers. One example has to do with possible conflict of interest in the

evaluationof grant applications. Comments Kennedy:

Originality and creativity are highly prized in academia, but in the review

process,we put our ideas in the handsof others prior to publication.Undersuch

circumstances, it is natural to ask if some of our competitors will "appropriate
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our ideas." In some grant areas, it is now possible for authors to Jist persons

they want excludedfrom their reviews.

A related matter has to do with who signs the reviews of papers, pro
posals, andgrant applications. At one level it makes sense fora professor to
ask his/her graduate students and postdocs to review such material since
this kindof activity can bean important partof theireducation. But is this
approach a substitute for the faculty member also reviewing the applica
tion?Who signs the review sent back to the editoror granting agency, the
professor of the graduate student? Also, what about confidentiality when
the paperor application is shared with others? Under suchcircumstances,
Kennedy notes, "The assumption of confidentiality is needed, but perhaps
not provided."

These are just a few of the many ethical issues Kennedy and other
thoughtful faculty are concerned about. Let us take a closer look at some
additional ones in the section below.

IN ADDITION: APPROPRIATING THE IDEAS
OF OTHERS, CONFLICT OF INTEREST,
AND FREEDOM OF INFORMATION?

One way to gain a greater appreciation of dilemmas you are likely to encounter

in teaching and research is by looking at specific examples of ethically chal

lengingcases. Let us brieflyexamine three such cases, the first having to do with

the appropriation a student's experimental ideas, the second with a conflict of

interestover the use of industrialfunding for research,and the third with a ques

tionable use of another investigator's data.

Appropriating the Ideas ofOthers

In, The Ethics ofTeaching-A Casebook, authors Patricia Keith-Spiegel, Amo F.

Wittig, David V. Perkins, DeborahWareBalogh, and Bernard E. Whitley, Jr. use

a case presentation approachto highlightethical dilemmas in such areas as: class

issues, lessons and evaluations, activity outside the classroom, relationships in

academia, and responsibilities to students and colleagues [3, pp.v-x].

These brief 220--300 word commentaries (there is a total of 165) are quite

thoughtful, andmanage to focus on thegrayareaswhilestaying awayfromthemore

obvious egregious breaches of ethical conduct. Hereis one example, reprinted in its

entirety, to illustrate the approach. (Note: The authors' use of unlikely fictitious

names relating to the themesof the cases is not meant to be irreverent, but rather

to assist in recall and reduce the incidence of names of real people.)
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Case 72. Swiping a Student's Idea [3, pp.64-6S]
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Richie Bright handed in an outstanding research proposalas his senior honors thesis. After

the student graduated, Loot conducted the study that Bright had designed, making very few

modifications. When a colleague who had consulted with Bright mentioned the similarities,

Professor Lootexplainedthathe had supervised the studentfrom the beginning so the idea was

partially his. Furthermore, Bright had gone on to study in a field unrelated to this project.

Finally, Loot noted that Bright could not have conducted the research or have written a

publishable manuscript himselfbecausehe lackedthe skill and experience.

The story is beginning to blur... becauseLoot was involved from the beginning and conducted

the workthatbroughtthe ideato fruition. Furthermore, theoriginatorof the ideawas longgone.

However, Lootstillprofited from theoriginal effort of another, andwithout crediting hisbenefactor.

This mattercould probably have beeneasily resolved had LootconsultedBrightas soon as he

decided that he wanted to implement Bright's design. Bright should have been offereddirect

involvement in the conduct of the research. In this case, it appears that Bright would have

declined the invitation becausehis life had turnedin a different direction. However, it is likely

that some agreement about credit for Bright's original contribution could have been reached

(e.g., a junior authorship or a footnote credit,depending on considerations such as the innova

tion of the designor a new technique that Brightcreatedto test his hypotheses).

That Brightdid not possessthe competencies to continueon his own is an irrelevant defensein

and of itself becauseBrightmighthave resumed studyof the same subject in graduateschool,

caughtthe interestof the faculty, and run the studyas his master's or doctoralthesis.Usingthe

seniorthesis for such purposes is not unusual.

Students at any level can inspire us in ways that direct our own scholarly work. When that

contribution is deemedto have had sufficient influence, professors mustobjectively assess the

question of the student'srightsto credit.If a studentoffhandedly presentsan ideaduringa class

discussion that triggers a chain of events that eventually leads to a project, acknowledgment
may not be warranted. When in doubt, consultation with colleagues may assist in resolving
the matter.

Conflict of Interest

Free-lance writer Vincent Ercolano, in his article, "Ethical Dilemmas: When

Faculty Responsibilities Conflict," talks about faculty conflict of interest, and

suggests that it be looked at in terms of limits, i.e., "How much is too much?" [1,

p.22]. Here is one of Ercolano's examples, along with his commentary on how

some universities deal with the potential difficulty [1, p.22]:

If a privatecorporation arranges to sponsora projectat your university, say, to developa new

material, would it be a conflictof interest for you to participate in that project if you have a

substantial financial interest in that company?

Some universities base their response to this question on how such an arrangement would

appear to-in the words of one institution's policy-"reasonable people." Other universities

are more specific, defining substantial financial interest as ownershipof a specific minimum

percentage of a company'sequityor ownershipof stock that has a specifiedminimum value.
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If your financial involvement exceeds that threshold, the dean of your school or the univer

sity's research dean might, in addition to requiring full disclosure of your holdings in the

sponsoringcompany, assemble an oversightcommittee to monitor thingssuch as your use of

students' time on the project and your adherence to requirements for promptdissemination of

the results of your research. Thesethresholds vary from university to university. One university

considers holdings of morethanone Percent of the company or morethan$500,000 in valueto

be sufficiently substantial to raise conflict of interest concerns. Anothersets the threshold of

substantial interest at 0.5 percentor $100,000.

Freedom of Information?

A few years ago, in order to stimulate a more active and reasoned discussion of

various ethical issues in science, Science, the magazine of the American

Association for theAdvancement of Science, initiated an interactive Internetpro

ject basedon its special"Conductof Science"sectionprintedin its June 23, 1995

issue [4]. This special 14-page report focused on "gray areas" of behavior, such

as allocating credit for research work, assigning authorship of research papers,

and sharingmaterials. Among other things, five case scenarios werepresented to

challenge readers to examine what they would do in each situation and to

respond with their own examples. The scenarios were (1) WhoseData are They,

Anyway?, (2) Freedom of Information?, (3)AGrantReviewer'sQuandary, (4)A

Suggestion of Fraud,and (5) Who is the Culprit?
Here is the "Freedom on Information?" scenario for you to consider [5]. It

was developed by John C. Bailar III, chair of the Department of Epidemiology

and Biostatistics, Faculty of Medicine at McGill University in Montreal. After
reading it, ask yourself how you feel about the courses of action proposed by

each investigator, and why.

A largeresearch study wassupportedfor many years by a seriesofgovernment contracts. The

study was completed, and the resulting data were submitted to the contracting agency three

years ago. However, the principal investigatorand her colleagueshave not yet publishedany

of the results. An investigatornot affiliated with any of those who did the research requested

and wassent (as required by the UnitedStates Freedom of Information Act) a copy of the data,

research protocols, and other materials. He has writtena paper basedon the data and submit

ted it to a joumal; afootnote accuratelyexplainsthe circumstances. In response to thejournal

editor's requestfor comment, the principalinvestigatorrepliesthat she has had a paper almost

finishedfor two years, that she will immediately get a colleagueto finish it, and that she will

sue thejournal ifher competitorspaper is published. Theauthorof thepaper in handsays that

the data weregeneratedwithpublic moneyand are therefore publicproperty, that he has used

the Freedom ofInformation Act as Congress intendedit to be used,and that threeyears is long

enough to waitfor publication of importantresults.

For a period of time, it was possible to use the on-line component of the

Science effort to interact witha panelof expertson scientific conductand initiate
a dialogue on the subjectof the scenarios withother readers. Whilethe interactive
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aspectsof the project are no longer in operation, the scenarios, and comments con

cerning them, are still accessible in the "Beyond the Printed Page" section of the

Science home page at: (http://www.aaas.org/science/science.htlnl).

CONCLUSIONS

Given the issues raised in this chapter, how do you as a new faculty member

proceed? As noted in the introduction, you want to engage in activities having

value in themselves, but that also contribute to your primary mission of teaching

and other forms of scholarship. And you want to do everything in a way that is

consistent with your personal values and your high level of integrity.

With respect to the latter, it is encouraging to see the increased attention paid

to ethical issues in courses, books, journals discussions at professional society

meetings, and on the Internet. Such attention also makes it easier for young

faculty to seek out additional advice and guidance. One helpful approach is to

identify senior faculty who share your values, and who have experience in the

particularly difficult and challenging "gray areas." These people can be found in

your department, your institution, at other colleges and universities, and in your

professional societies. I think you will find that the Internet is a particularly

effective forum for locating and promoting useful dialogues with individuals

beyond your immediate physical environment.
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CHAPTER 14

Insights on Tenure

SEnlNG THE STAGE

Tenure is a powerful force. A desire for tenure at times grips people as strongly

as a desire for romantic love. The outcome of both tenure and love shape and

mold one's self-image and self-esteem. Success is cause for great ioy and cele

bration. Failure implies dejection and defeat. The prospect ofearningtenure, like

love, provides a roller coaster of emotions. As prospects brighten, emotions soar.

As prospects dampen, gloom and doom set in. At times, both tenure and love

force people to pursue activities past the point of fatigue. Both tenure and love
make some people sensitive to others. Both make some people crazy.

From Getting Tenure

by Marcia Whicker, Jennie Kronenfeld, and Ruth Strickland [I, p.l]

As we pointed out in Chapter I, tenure is unique to academia, and in spite of
occasional storiesto the contrary, it is going to be with us for sometime to come.

If you want a permanent faculty position at a college or university, you almost

certainly need to become tenured.

I believethat significant changesare calledfor in someaspectsof the tenure

granting process, and these are discussed in Chapter 15,"Insightson Academia:

Needed Changes." In this chapter, we take a look at the tenure system as it cur

rently exists, and what you need to do to succeedwithin it.

We begin with a look at the various paths typically taken toward, and away

from, tenure. This discussion is followed by vignettes featuring five individuals.

Two of these individuals received tenure in a fairly standard way, one received

tenure at her second school after being denied it at her first school, and two did
not receive tenure, and have,at least for the time being, left academia. In our "In
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Addition" section,we offer some further insightson tenure, and also look at how

one university is making a specialeffort to help facultyunderstand the tenureand

promotion process.

Paths toward-and away from-tenure'

Clearly, not everyone follows the same path toward tenure. What works for one

individual at one typeof institution mightnot workfor that same,or anotherindi

vidual, at anotherinstitution. What follows is a brief lookat the ten mostcommon

paths toward, or in some cases away from, tenure. (See Figure 14-1.) Keep in

mind that many faculty will follow a path that is a combination of two or threeof

the ones presented. The ten paths are:

1. The traditional path

2 The accelerated path

3. The delayedentry path

4. The late practitioner path

5. The late career child-bearing path

6. The from-one-school-to-another-school path

7. The fail to get tenure-try again path

8. The fail to get tenure-other career path

9. The walk-away-from-tenure path

10. The never-try-for-tenure path

Ten possible paths toward and away from tenure.

1. The traditional path

10. The never-try-'or
tenure path •

9. The walk-away-from- ｾ
tenure path ｾ

8. TIle fad toget telure ｾ
-other career path

1. The fail toget tenure
-t,y again path

• 2. The accelerated path

3. The delayed entry path

4. The late practitioner path

s. The late career child
bearing path

6.The 'rom-one-school-to-another-school path

IAdapted in part from [I].



1. The traditional path
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The traditional, or on-time path, is the one most commonly taken by full-time

assistant professors whostartout on the tenuretrack.On this path, tenure is typ
ically granted at the end of the sixth year of service. At most schools, a starting

assistant professor receives a three-year initial appointment which is then

renewed for a second three-year period at the same rank. At the end of the sixth

year, if the professor is awarded tenure, he or she is usually promoted to associate

professor. Some schools, however, promote faculty to the associate professor

level prior to tenure.
For all full-time tenure track professors, tenure decisions must be made no

later than the sixth year according to the rules set forth by the American

Association of University Professors (AAUP). Since the process of making the

tenuredecision can take up to a year, you basically have five years of full-time

service in which to put together a tenurable record [1, p.39]. The AAUP rules

also specify that those faculty who are not granted tenure must be given a years

notice. Thus, a professor who is not granted tenure could remain on the tenure

trackfor up to sevenyearsbeforehaving to leavethe institution. However, your

"tenureclock"can be stopped for a periodof usually no more than two yearsfor

special circumstances, such as child rearing, administrative or sick leave, and

research or service leave, as will be discussed below.

The on-time path is the one currently being taken by Shon Pulley (Vignette
#5),Brian LoveandNancy Love(Vignette # 9), and KimNeedy (Vignette #11). It

was the path successfully taken by Alison Bridger (Vignette #10), Paul Humke
(Vignette #12), Sheri Sheppard (Vignette #14), Rollie Jenison (Vignette #16), Lew

Lefton (Vignette #18), MarkHopkins (Vignette #19),andNormWhitley (Vignette
#24). We will highlight thispath in greater detail in Vignette #27 of thischapter.

2. The accelerated path

In somecases, a faculty member will be brought up for tenureone or two years

in advance of the normal six years, as will be shown in Vignette #26 below. In

veryrarecasesof so-called "superstars," tenure maybe granted in as shorta time

as three or four years. Often, tenure in advance of the normal six years will be

offered if a school wants to reward a professor foroutstanding performance and/or

wants to keep a professor who may havea tenure offer from another school.

3. The delayed entry path

The delayed entry path, sometimes referred to as the "bounce-around" path, is a

situation in which a person enters the tenure track after a period, or periods, in
otherpositions suchas part-time,lecturer, or adjunctprofessor statusat the same
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or another institutions [1, pp.129-130]. Ulrike Salzner (Vignette #6) and Martin

Ramirez (Vignette #15) are examples of individuals who have followed or will

follow this path.

4. The latepractitioner path [I, pp.132-133]

The late practitioner path is one often taken by a person who has spent a consid

erable time in government or industry prior to choosing an academic career.

Often, such individuals have had a part-time teaching affiliation with one or

more colleges or universities over the intervening years, and now feel they are

ready to make the shift to a full-time faculty position. Most of these peopleenter

academiaon the tenure track, although their tenure clock may be shortened by

one or more years. Less frequently, an individual with an outstanding record in

government or industry, coupled with good part-timeteaching experiences, may

start out as an associate or full professor with tenure.

Joseph Reichenberger (Vignette #7) and MaryAnneCarroll (Vignette #22)are

examples of experienced persons entering academia withshortened tenure clocks.

5. The late careerchild-bearing path [I, pp.133-134]

This path was probably more common in the past than it is today. Some women

may have postponed obtaining advanced degrees, or even if they did obtain

them, delayed their entry into the job market for family and child-bearing

reasons. Most women in this category, if they are able to enter academia, usual

ly do so in a part-time or adjunct professor position rather than on the tenure

track. Entry on the tenure track is made difficult by the fact that they often lack

experiences in government or industry that would make them attractive as late

practitioner entrants. Yet, some women in this situationhave been able to teach

part time while raising a family, and this experience has made entry onto the

tenure track more likely. Eloise Hamann, whose story is described in Chapter4,

is one such example.

6. Thefrom-one-school-to-another-school path

In this case, a faculty member leaves one school and goes to another school,

sometimes with a stop in government or industry along the way. One approach

is to leavea tenurepositionat one institution for a tenurepositionat another. This

approach is the one Greg Petsko took (Vignette #20) whenhe left a tenuredposi

tion at the Massachusetts Institute of Technology for a tenured position at

Brandeis University.
An example of an individual who did not receive tenure at one school, left

for a position in industry, and then followed up with a position at another insti

tution that eventually led to tenure is given in Vignette #28 of this chapter.
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7. The fail to get tenure-try again path
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Some individuals who are not awarded tenure at their institution will appeal the

decision, and on rare occasions, will have the decision reversed and be granted

tenure.

8. The fail to get tenure-other career path

This path is the one taken by individuals who either recognize that they are not

going to get tenure, or go through the full' tenure evaluation process and are

denied tenure. They then leave academia, at least for the time being, for another

career. Examples of individuals in this category are presented in Vignettes #29

and #30 of this chapter.

9. The walk-away-from-tenure path

Some individuals choose to give up a tenured position for a career outside acade

mia. Amir Buckhari, whose situation was described in Chapter 4, is one such per

son. I also know of a number of tenured faculty who have taken leaves of

absence to start a business, or assume a position in government or industry, and

who then decide to return to academia part time in a nontenured position.

10. The never-try-for-tenure path

Certain individuals, under certain circumstances, can have a very rewarding

career in academia without becoming tenured professors. In Chapters 7 and 9, we

discussed nonstandard faculty positions such as consulting professors, research

professors, and adjunct professors. While these positions do not have the security

of a tenured position, they also do not have the range of responsibilities and com

mitments of such positions, and for some people, this can be very attractive. Paul

Losleben (Vignette #3) is an individual who, after a very successful career

in government, came to Stanford University in a senior research scientist posi

tion. In such a role, he is able to direct research and supervise graduate students

without the other service and formal teaching responsibilities associated with

tenured faculty.

It is important to understand that there is no one correct path to tenure, and

that many of you will follow paths that are combinations of two or three of those

described above. Whichever path you do take, do so in a way that maximizes your

chances of success, while also permitting you to live an enjoyable, rewarding, and

balanced life. It is a mistake to sacrifice the pleasures of being a professor and of

family and other relationships for six years on the assumption that you can "catch

up" after the magical moment when you are awarded tenure. Just as your world

did not change radically when you received your Ph.D., it will not do so once you
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get tenure. Decide now how you want to live your life, but do so with tenureas
one of your long-term goals.

It might seem that the simplest way to go about obtaining tenure is to find

out what your school and department require, and then establish a strategy for

meeting thoserequirements. Unfortunately, it is rarelyso easy. Tenure criteriaare

usually not described with a high degree of specificity. True, most schools have

faculty handbooks setting forth the requirements for tenure and the documenta

tion necessary to "make the tenurecase." However, the wording in mostof these

publications is purposely vague with such phrases as "produces successful grad

uate students," "has positively reviewed publications," and "receivessupportive

letters from former students." Such wording exists because, as criteria become

more specific, flexibility or "wiggle room" for the department decreases. As

Lance Glasser notes in Vignette #29, one of the reasons he believes he did not

receive tenure at the Massachusetts Institute of Technology (M.LT.) was because

he came across as too arrogant with his colleagues. Whether or not his tenure

committee would agree, you can be sure "humility," or "lack of arrogance," are

not listed as criteria in the M.LT. tenure handbook.

Asking yourcolleagues questions about the tenureprocess is veryimportant,

yet,evenhere,answers can oftenbe conflicting. As one faculty memberat a large

midwestern university recalls:

We were told very different things by various members of the administration. The

dean would say, "You need to be superb in teaching as well as research. If you are

not great teachers, you cannot get tenure." But the departmentchairs would say the

opposite, and the college executive chairs would agree with the department chairs.

Becauseof such conflicting messages, you have to keep your eyes wide open. Talk

to the people who will be deciding your tenure; they are the people who are going

to be voting.

You also have to learn how to be proactive in managing your tenure case.

You have to ask the right questions of the right people, seek necessary (and

sometimes uncomfortable) feedback, know what adjustments to make along the

way, and learn how to stay alert to cues that come in a variety of forms.

Much of the advice in the previous four chapters also applies to the tenure

process. Yet, thereare additional insights to be had, and theseare reflected in the

following vignettes and in the "In Addition" section that follows.

In our first vignette (#26), Eve Riskin, from the University of Washington

(Research I institution), talksabouthowto leverage yourteaching andresearch so

as to support yourdrive toward tenure. She discusses the importance of standing

firm for the things you need in order to be successful, and concludes with some
specific suggestions on how to establish relationships with external reviewers

who can have an important influence on your tenure success.
In Vignette #27, Keith Buffinton, of the Mechanical Engineering Department

at Bucknell University (Liberal Arts I institution), points out that liberal arts
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schools suchas his havea different setof priorities, anddifferent measures of suc

cess, thando many of the institutions from which mostof their beginning faculty

havecome. Understanding thesedifferences is essential to gettingtenure, as well

as to being a satisfied and productive faculty member.
Vignette #28 features Ruthann Kiblerwho startedher academic career at the

University of Arizona in Tucson, AZ. After the normal six years on the tenure

track, she was denied tenure. After three yeas as a research scientist in industry,

she returned to academia at SanJose StateUniversity in SanJose,CA, whereshe

is now a tenured associate professor of biology.

Our fourth vignette (#29) is with Lance Glasser, who discusses what hap

pened to him when he did not receive tenure at the Massachusetts Institute of

Technology. Although verydisappointing at the time,Glassermadea decision to

learn from the experience while moving on to something else in an immediate

and forceful way. Both approaches have served him well in his new endeavors.

Our final vignette (#30) is with Sue Smith-Baish, who was denied tenure

after six years in the Electrical Engineering Department at Bucknell University,

the same school in which Keith Buffinton did receive tenure. The contrasts in

their two situations offer important lessonsfor all beginning faculty who attempt

to deal with pressures of professional and family life.

Leveraging Wherever Possible

I believe almost anything youdo for the first timecan be frightening. As a grad

uate student, I was givenopportunities to write my own research proposals, as

wellas to give a number of classlectures. Eventhough my firstproposal wasn't

funded, both of these experiences gave me a lot of confidence when it came to

doing themfor the first timeas a professor.

This important point is made by Eve Riskin, an associate professor of

electrical engineering at the University of Washington. in Seattle, WA.

Riskin was recently awarded tenure a year ahead of schedule and, as she

notes, "just in time to start my family." She has a number of suggestions on

tenure for faculty who are just beginning their academic careers. The first

has to do with initial conditions. Says Riskin:

Mostfaculty don't realize theycan negotiate their start-upconditions in a way

that will help thembe moresuccessful, as well as happy. My goal was to make

my life easier, not richer. It wasn't the start-upsalary, but the start-up funds I

reallycared about. I also wantedto arrangenot to teach my first quarter. I was

in a newcity,a new home,and with a newemployer, and havingthree months

to get my bearings and write proposals madea big difference.

Riskin urges faculty to begin by making sure they do, in fact, have a

tenure-track position. In her words, "Make sure, if in a few years you meet

the tenure requirements, your position will become permanent. Promises to
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this effectare not goodenough. Get it in writing." Riskin also suggests you
avoid situations where you are competing with one, or perhaps two, other
faculty for what will eventually be one tenured slot.

Sincegood research and good teaching are the two maintenure criteria
at the University of Washington, anything you can do to get a head start in
these areas is welcome. With respect to research, Riskin has some specific
advice about leveraging:

I began by writing a "baby grant" for $10,000 internal support for some ideas

I had in medical imagecompression. The grant was rated the top in its catego

ry, and even though it was small, it felt good to be successful. I then used this

success to apply for a $70,000,low-overhead NationalScienceFoundationpro

posal which was also granted. In both cases, I got some very good feedback,

which I made sure to put in my portfolio. I have since found I can use pieces

of each proposal as the basis of the next proposal, even if I change directions

slightly as I go along.

Riskin also urges faculty to work hard to get at leastone Ph.D. student
through before tenure decisions comeup. Notonlydoesthisaccomplishment
help you withyourown research, but it demonstrates to yourcolleagues and
to potential students your effectiveness on this important "measure of suc
cess." Riskin believes it wasa majorfactor in her early tenure award.

With respect to teaching, Riskin againemphasized a pointmadeearlier
in this book:

As a graduate student, I volunteered to give some lectures which I didn't have

to do. I kept all my notes, homeworkassignments, and where possible, the syl

labi and other materials my advisor produced. As with research, this approach

helped me get started on the right foot.

Riskin also has another important comment to make about teaching. "I
don't think youhaveto prove youcan teach a different course eachsemester,"

she says. "In my first five years, I only taught three different courses. I'm

still not tired of them,and I can't begin to tell you the time savings coming
from such an approach."

Regarding those all-important external reference letters, Riskin
emphasizes the need to start publicizing your work early on. She has three

specificsuggestions in this regard:

1. Think of job interview trips as ways to publicize yourself. Even if
youdo not wind up going to that particular university, youcan keep
in touch with people there.

2. Whenyoufinisha paper, senda preprint to peoplein yourarea.This
way, they will stay informed of your work, and can have more to
say about you if they get asked to write a letter.
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3. Takeyourjournal paperreviewing very seriously. If you do a good
job reviewing papers, it gets out that you knowthe field well. I also
think there's a small "gratefulness" factor-if you help someone
else out, maybe they will be grateful and help you out later on.

Riskin makes one other point not often discussed, particularly by
women:

You have to lookout for yourselfin the tenureprocess, and so my basicadvice

is, "don't alwaysfeel you haveto be a goodsport!" If you spendtoo muchtime

trying to accommodate the wishes of your colleagues, you will get a lot of

"ataboys,"or "atagirls,"and missthe big picturein termsof whatit reallytakes

be successful. I'm all for collegiality and gettingalong,but only so much. It's

also important not to allow yourself to be taken advantage of. At first, I was

pushedto do some things I didn't want to do, such as teach certain courses. I

made a conscious decision to stand up for myself, and point out how what I

wantedto do wouldcontribute to the department's successas well as my own.

This excellent advicehas clearlypaid off well in Riskin's case.

335

Understanding the Priorities

It's very important for new faculty to understand our priorities and how much

they differ from those of the schools from which most of them have come. At

most research universities, the priorities are money, publishing, and teaching,

in that order. But here the order is just the reverse. Solid teaching is absolutely

numberone, with quality scholarship right behind.Bringing in moneyis nice,

as is departmental service, but bothare waybehindteaching andother formsof

scholarship.

So advises Keith Buffinton, a tenured associate professor of mechani
cal engineering at Bucknell University, a liberal arts institution in
Lewisburg, PA.

Because teaching is so important at Bucknell (see also Vignette #15),a
faculty member's capability in this regard needs to be demonstrated fairly
early. Faculty need to, as Buffinton puts it, "establish their ability to do
something exciting in theclassroom." Bucknell understands thatthisaccom
plishment may take a little time, but it needs to be every new professor's
top priority.

With respect to scholarship, Bucknell is less concerned with quantity
than withquality. "Wedo expectyou to establish a national reputation as a
scholar," explains Buffinton. "It is veryimportant for you to showyou have
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gonebeyond whatyoudid withyour Ph.D.advisor. As soonas possible you
need to establisha track recordon your own."

There are manywaysBucknell will assist new faculty in their scholar
ship. For example, it will help out when it comes to the purchase of equip
ment and the retrofitting of laboratory space. The school will also support
faculty efforts to collaborate and share resources with colleagues at larger
research universities. It even has something called the Untenured Faculty
Leave program that allows professors in either their third or fourth year to
go off (at half salary)and work with individuals in other locations.

Whilethereare no Ph.D.students at Bucknell, master's students, all of
whom are required to do a thesis, are supported by the university and are
available to faculty for various projects.

Withrespectto retention, tenure,and promotion, Bucknell has a 2-4-6
program. All faculty are reviewed in their second, fourth, and sixth years.
The second year reviewprovides an early opportunity for the university to
give feedback, point out what is going right, and look at where the defi
cienciesare. Very few people fail to get past this hurdle.

Not so with the fourth year review. "Here we look for clear evidence
of quality teaching, as well as evidencethat you are on the right track with
respectto scholarship," says Buffinton. "We want to see that you have sep
arated from your advisor and have established your own reputation."
Although most people survive their fourth-year review, a significant num
ber receive such a gloomyevaluation of their progress toward tenure that
they choose to leave the university on their own. The vast majority of the
faculty who make it to the sixth year are awarded tenure.

Whenit comesto assessing teaching, Bucknell reliesheavily on student
evaluations, and in many cases input from alumni. "It is not uncommon
in some departments for the reviewcommittees to write to almost all your
previous students and ask for feedback," says Buffinton.

Like mostschools, Bucknell seeks the opinionof externalreviewers to
assessscholarship quality. Facultytypically submita list of 10-12 potential
reviewers, from which the department, with the concurrence of the dean,
will choose 3-5 for the actual review. "Of course, they immediately elimi
nate formeradvisors and friends," says Buffinton. But the committees also

limit the number of reviewers from other small schools like Bucknell to
one, and this limitation can be a problem. According to Buffinton:

The departments want feedback from people at top research universities, and

suchreviewers tend to lookat your workin termsof whatgoes on at theirown

schools. Thisapproach can put us at a disadvantage because we are not likelyto

beas productive as theyare.The key is to cultivate faculty contacts whounder

standthesituation at liberal artscolleges. I selected peoplewhoI hadtalkedwith

over the yearsat conferences and who understood the Bucknell situation.

Buffinton'sfinal comments echo those of Eve Riskin and othersabout
learning to say "no." "Our dean explicitly gives new faculty permission to
say 'no' when it comes to excessive committee work and the like," says
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Buffinton. "Yet, I have to admit this isn't always easy.Youhave to balance
lookingout for yourself with being a good departmentcitizen, especially at

a small school like ours."
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ASecond Chance at Tenure

For me,one of the moststrikingdifferences between the twoschoolswas their

attention to the formalities of the tenureprocess. At one school, I reallyhad no

ideawhatI wassupposed to do, the material I wassupposed to prepare, and the

procedures that would be followed. Oh sure, there were lots of rumors, and

informal comments among the faculty, but the procedures wereneverexplicitly

spelled out, and no oneever sat downwithme and said,"theseare the kindsof

things you need to do, this is the kind of material you need to prepare." The

other school was almost the opposite extreme where the procedures were

spelled out in detailandyou knewwhereyou stoodat eachstep alongthe way.

It wasa lot morework,but I reallyappreciated knowing that what I wasdoing

was goingto matterone way or the other.

These are the comments of Ruthann Kibler, now a tenured associate

professor of biology at San Jose State University (SJ.S.U.), a Master's I
institution in San Jose, CA. Kibler has had the experience of being denied

tenure at one university, spending time as a research scientist in industry,

and then returning to academia at another institution where she subse

quently received tenure. Her story has interesting lessons for all beginning

professors.
Kiblerreceivedher bachelorof sciencedegree in biology in 1964 from

Marietta College in Marietta, OH. After a year as a research technician at
the Institute of Hematology in Freiburg, Germany, she returned to the
United States to earn a master of science degree in cell biology in 1967
from PurdueUniversityin Lafayette,IN. She then spenta year as a research
technician at the National Institutes of Health (NIH) in Bethesda, MD.
Kibler's NIH experience was followed by a four-year period at the
University of CA, at Berkeley, in Berkeley, California, where she received

her Ph.D. in immunology in 1973. She then spent three additional years

back in Germany, this time as a research associate at the University of

Wurzburg Instituteof Virology and Immunobiology in Wurzburg, Germany.

In 1976, Kibler accepted a two-and-one-halfyear nontenuredresearch

faculty appointmentin the Departmentof Microbiology at the Universityof

Arizona in Tucson,AZ. When her contract ended, she returned to Berkeley,

CA, as a postdoctoral fellow with the AmericanAcademyof Microbiology,

State Departmentof Health Services.

In the spring of 1980, Kibler had reached a point in her life where, as
she puts it, " I needed to decide if I wanted to pursue an academiccareer or
a research management position in the public health system." She decided
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to apply for both types of positions, and subsequently accepted a tenure
track assistant professorship in the Department of Microbiology and
Immunology in the College of Medicine, at the University of Arizona in
Tucson. (Note: her previous nontenured research faculty position was in the
College of Liberal Arts at the University of Arizona.)

In her new position, Kibler had both teaching and research responsi
bilities. The teaching duties wereall at the graduate level. They included an
immunology class for Ph.D. students, a graduate seminar, and a course for
medical students. Although, as Kibler puts it, ｾ ｾ had to start from scratch,
having never taughtbefore,"she clearlyenjoyedher teaching. In 1985, she
received the BasicScience Educatorof the Year Award from the Collegeof
Medicine. Two years later, she received the Outstanding Teacher in the
Basic Sciences, Medical Student Graduating Class Award, also from the
College of Medicine.

With respect to research, Kibler was expected to set up a research
laboratory, obtain funds (she was given a $5000 start-up grant), and of
course, supervise graduate students. As she put it, "I was so happy to have
thejob, that I didn't ask for muchby wayof supportand that wasa big mis
take." (As noted in Chapter9, "Getting the Results You Want," this kind of
mistake is not uncommon.) Within a year, she had formed a relationship
with the Southwestern Clinic and Research Institute in Tucson, which pro
videdher withup to $50,000per year in research support. Over the nextfew
years, she also obtained additional research support as part of a National .
Institutes of HealthSCORgrant.

In 1985, Kibler began putting material together for her tenure review.

What was so striking about this exercise, as noted in Kibler's quote at the
topof this vignette, wasits lackof specificity on whatto includein her port
folio. "Basically, I was told to 'say what you have done,' and little more,"
says Kibler.

This lack of specificity also extended to the feedback she received
from various review committees. She was told informally that her depart
ment had unanimously recommended her for tenure. Her application then
movedup to the Tri-College Committee consisting of representatives from
the Colleges of Science, Medicine, and Agriculture. She heard, this time

informally from her department head that "things had not gone well" at the
college committee level, with no explanation of what this comment meant.
Herpapers werethenbrought to theUniversity Tenure Committee, afterwhich

shereceived herfirst, andonly, written response, a shortletterthanking her for
herservice to the university, and informing her that shehad not beengranted

tenure. No specific explanation was offered.
In spite of her extensive publications and her two teaching awards,

Kiblersuspected that her lackof research volume and her inability to obtain
largeresearch grants to sustaina research program were the mainfactors in
her not obtaining tenure. Yet, the reasons were not spelledout in any spe
cific way, so to this day, she is still not certain why she was denied tenure.

Kibler remained one more year at the University of Arizona to com
plete some of her research and finish up with her graduate students. She



Chapter 14 Insights on Tenure

then decided to leave academia and try her hand at an industrial research
career. She accepted a senior research scientist position at BioRad
Laboratories in Hercules, CA, near San Francisco. After three years, she
realized she missed academic life, particularly teaching. All of her prior
teaching was at the graduate level, and as she comments:

I wanted to find out if I wouldlike teaching undergraduates. I neededto do so

in a way that didn't requirea long-term commitment if it turnedout that I did

not like working at this level. I decidedto look for a position that was clearly

temporary, say,one year at the most. Such a position would give me a way to

find out what I liked, and at the same time providea graceful way to exit if it

turnedout that I wanted to do something else.

Kibler applied for, and obtained, a one-year visiting assistant profes

sorship at the University of Santa Clara in Santa Clara, CA, where she
taught undergraduate courses in virology, immunology, and cellular bio
chemistry. She quickly realizedthat undergraduate teaching was something
she reallyenjoyed. Encouraged by her Santa Clara experience, she applied
for permanent faculty positions at four schools. Kibler was interviewed at
threeof them,and was offeredpositions at two, one of whichwas San Jose

State University. She accepted the position at San Jose State University,
where she beganat the highest assistant professorship level,and was granted
tenureand promoted to associate professorfive years later.

At San Jose State University, Kibler teaches both undergraduate and
graduate classes,supervises master's students, and maintains good research
relationships with Becton-Dickinson Immunocytometry Systems, a local
bioengineering company. She has spent the last five summers working for
the company, as well as about one day a week during most semesters. Three

of her students have also worked for the company on their master's degree
projects.

The tenure evaluation system at San Jose State University is much
moreexplicit than it is at the University of Arizona. Comments Kibler:

At SJ.S.U., you know what's goingon every step of the way. Each procedure

is spelledout in detail.Facultyobserveyourclasses,you are told whatkindsof

material to include in your portfolio, and you are given explicit feedback on

howthingsare going.Forexample, I wasobserved by 13faculty members over

four years, and all but two of them came two or three times to either lecture

or laboratory classes I taught. I also received written evaluations from each

personevery time theyobserved me.At the University of Arizona, I was never

formally observed or evaluated by anyone.

At SJ.S.U., I received written tenurereviewsand a chance to reply to them at

every step of the process. Such was not the case at the University of Arizona.

While it is a much more laborious processat SJ.S.U., I welcome its openness

and clarity.
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For Kibler, the return to academia has worked out well. Her experi
ences at the University of Arizona, BioRad, and the University of Santa

Clara taught her where the best fit would be-an institution where under
graduate and graduate teaching is valued, and where she can also maintain

a researcheffort tied to industrial interests.

Toking Another Direction

For me, the key was to move on to the next thing right away,and to do so in a

forceful manner. In mycase. it meant leavingBostonand going to Tokyo.I like

to tell people I stayed on the East Coast. only it was on a differentcontinent.

Lance Glasser, vice president for Advanced Programs at KLA

Instruments in Santa Clara. CA and former director of the Electronics
Technology Office at the Advanced Research Projects Agency (ARPA),

remembers well what it was like not to receive tenure after six years at the

Massachusetts Instituteof Technology (M.LT.). As Glasser comments:

At the time, it wasa wrenching experience.and I don't want to minimizeit.The

departmentwas like a club. populated in this case by people I really respected,

and the basic messagewas. "We don't want you in the club:'

Glasser finished his Ph.D. in electrical engineering/computer science
at M.LT. in 1979. After staying there for one year as a research associate,
he applied for, and was offered, a tenure-track assistant professorship at the
same institution. His work up to that time had been in microwaves and laser
optics. However, M.LT. wanted to hire him to work in the emergingfield of

VLSI (very large scale integration) circuit design. In fact, over the next two

years, the departmenthired four assistant professors, all of whom had done

research in other areas, to establish a home-grown expertise in VLSI.

While it is not impossible to switch fields early on, to do so and still

make contributions sufficient for tenure in five-six years is very difficult.

Noneof the four faculty referredto above receivedtenure.Lookingback on

the experience, Glasser likes to say, "I got four degrees from M.LT.;

Master's, Ph.D., and Assistant and Associate Professor."

At the time he was denied tenure. Glasser was offered a one-year ter
minal sabbatical (at half salary). At that point, he decided to do something
quite different. With his wife and three children, he left for Japan to spend
the next 13 months at the Hitachi Central Research Laboratories in Tokyo,
studying superconducting transistors and Japanese research management.

His experience in Japan was profound. As Glasser puts it:
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I came out of that period understanding more clearly the difference between a

process orientation and a product orientation. In both the United States and

Japan, people are judged by where and how they get to a certain point in life.

However, in the United States, the first is more important than the second, and

in Japan, the reverse is true. This difference means that in Japan, everyone can

be part of the solution. In the United States, we lose the bottom two-thirds of

our society because we say they didn't get where they were going.

The other thing Glasser came away with from Japan was a strong
desire to enter public service, and as he puts it, "maximize my impact on
the U.S. industrial base and to serve my country." Glasser laid the ground
work for this transition while in Tokyo. "About once a quarter, I would
write a 10-15 page 'newsletter' and send it to people I knew back in the
United States," he says. "I sent it to about 30 or so people, and I'm sure it
got passed around quite a bit as well." The newsletter had a twofold pur
pose: (1) to document the interesting things Glasser was doing and finding
out about, and(2) to keephimin frontof people whomightneedhisservices
when he came back to the United States.

Glasserdid not have a specific job waiting for him on his return,so he
did some consulting for a while. However, he kept up his contacts, and
shortly thereafter, two quite different, but enticing opportunities material
ized. The first was a research position at the IBM TJ. Watson Research
Center in Yorktown Heights, NY, and the seconda programmanagerposi
tion at the Advanced Research Projects Agency (ARPA) in Washington,
DC.The choice between continuing on as an individual contributor (IBM)
and going into management (ARPA) was a difficult one. Michael
Dertouzus, a colleague at M.I.T., set the stage for Glasser when he

remarked, "All the minor decisions in life are made by the head; all the
majordecisions are made by the heart." "This comment," says Glasser:

freed me to make my decision with my heart, but it still wasn't clear what that

decision should be. As I looked around in industry, I realized that for the most

part, the highly respected People were managers, not individual contributors.

Glasser visited the ARPA headquarters in Washington, and as he puts
it, "I resonated strongly with the place, the excitement in the air, the oppor
tunity to make a difference." He accepted their offer, and since then had a

meteoric rise in the organization. In less than two years,he movedfromone
of approximately 100 program managers to one of six officedirectors with

a professional staffof 20 and an annualbudgetof $500 million.

Impressive as theseaccomplishments are, it is the changes from within

madesincehis M.LT. days of which Glasseris mostproud:

At ARPA, I became good at two things that I was terrible at during my time at

M.I.T. I was better at politics and better at not being arrogant. My own analy

sis of my tenure situation at M.LT. led me to the conclusion that some of it was
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based on merit, but some of it was also based on my high level of arrogance. I

was no longerable to do anythingabout the first, but I decided to work hard on

the second.

Glasser has now moved on to industry where he is responsible for
bringing a new mask inspection productto marketat KLAInstruments. He
is proof that it is possible to have careers in all three employment sectors:
academia, government, and industry.

Lessons Learned

I can see more clearly now why things didn't go the way I had hoped. Some

events I had controlover,others I didn't. I'm not reallybitter becausenow I can

concentrateon raising my children in a way that would not bepossible if I had

becomea full-timetenuredprofessor. Still, I miss teaching,and I want to return

to it in some way in the future.

Interesting comments fromSueSmith-Baish, whospentsevenyearson
the tenure track as an assistant professor of electrical engineering at
Bucknell University, a Baccalaureate I institution in Lewisburg, PA. Smith
Baish did not receive tenure at Bucknell; however, she still lives in
Lewisburg with her two children, Andrew and Erik, and her husband, Jim

Baish. Her husband joined Bucknell a year after Smith-Baish came to the
University, and received tenure in the Mechanical Engineering Department
after six years on the faculty.

We looked at the Bucknell tenure situation from the point of view of
Keith Buffinton, a successful candidate, in Vignette #27.Smith-Baish's story
offers another perspective with additional lessons for those just beginning
their academic careers.

Smith-Baish cameto Bucknell in 1985 at a timewhendemandforelec
trical engineering professors was quite high. She had earned a bachelorof

artsdegreein physics fromFranklin and Marshall Collegein Lancaster, PA,
and a master of science degree in bioengineering from the University of

Pennsylvania in Philadelphia, PA. She then continued on in the University

of Pennsylvania's Ph.D. program in bioengineering. After completing her
coursework and a good part of her research, her advisorsuggested that she
start looking for a faculty position on the assumption that it might take up
to a year to find the right opportunity. To both her and her advisor's sur
prise, Smith-Baish received an offer from Bucknell a few weeks later.
Bucknell's Electrical Engineering Department was interested in filling
areas coveredby two previous professors who advised projects in rehabili
tation engineering and premed electrical engineering. Although Smith
Baish had no formal training in electrical engineering, her combined
physics and bioengineering background was attractive to Bucknell.
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Jim Baish, who was still working on his Ph.D. in mechanical engi

neering at the University of Pennsylvania, had attended Bucknell as an
undergraduate, and likedthe possibility that bothhe and his wife mightend
up teaching there. They decided to moveto Lewisburg in September 1985.
Smith-Baish would start as a full-time tenure-track professor, the first of

two women ever hiredin tenure-track positions in the Engineering College,
and continue working part time on her dissertation. Her husband would
commute backandforthto Philadelphia to finish his Ph.D.Baishdid indeed
complete his doctorate the following year, and in the fall of 1986, took a
visiting, nontenure-track position at Bucknell.

Smith-Baish continued working part time on her dissertation. During
the two-year period, 1987-1989, she and her husband worked out an
arrangement in which each of them had a two-thirds appointment at
Bucknell. Baish was put on the full-time tenure track in mechanical engi

neering in the fall of 1989, andchoseto counthis first-year visitorappoint
mentas time on his tenureclock.As noted in Vignette #27, Bucknell has a

2-4-6 yearpromotion andtenureevaluation system. In 1987, Smith-Baish
successfully passedher two-year review.

Smith-Baish applied for and was granted a 1989-1990 junior sabbati
cal, which is available to untenured faculty. However, she became pregnant
in May 1989, and instead of taking thejuniorsabbatical, sheapplied for, and
was granted, an unpaid leave for 1989-90. Smith-Baish's junior sabbatical
was postponed until the 1990-1991 academic year. During her sabbatical,
she worked on her dissertation, but the effortwas hampered by having Erik
at day-care where he frequently became sick. His health problems, which
consisted mainly of viruses and recurring ear infections, were, of course,

passed on to his mother, and this took its toll on her timeand energy.
Smith-Baish completed her dissertation in January 1991, just in time

to pass her fourth-year review, for which a completed doctorate was a
minimum requirement. The following year, she was back to her full-time
assistant professorship at Bucknell. In the fall of 1992-1993, sheassembled
her formal tenure dossier. While the review committee for the Electrical
Engineering Department recommended her for tenure, the final decision is
madebythe University Review Committee (URC), a committee composed
of the vice president for academic affairs, both deans, and four faculty
members. In December 1992, the URCchose not to grant her tenure.

The primary reason for Smith-Baish's tenure denial was that she had
not done enough research beyondher dissertation. Since she had believed,
according to her interpretation of the faculty handbook, that she was
brought up for tenure consideration one year too early, she appealed the

tenuredecision. (Thefull-year junior sabbatical shouldnothavecountedon

her tenure clock.)She won this appeal, and was grantedan additional year

(the one duringwhichshe was appealing the decision) on her tenureclock.

Her departmental review committee again recommended her for tenure.
However, when the decision came up at the university level in December
1993, she was again not granted tenure.
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Clearly shewas disappointed, andby thistime, had, in herwords, "run
outof steam." Shedecided not to go through another appeal. Reflecting on
her experiences, Smith-Baish offers the following insights to faculty just
starting outon the tenure track.

• Complete your dissertation before you start a full-time faculty

position. If doingso meansnegotiating a later start-update, a part

time start-upassignment, or a visiting appointment, then do so.

• Be cautious about going to an institution with researchfacilities

significantly differentfrom those that were requiredfor your dis

sertation. If you do, be prepared to shift your emphasis, from

moreexperimental to more theoretical undertakings, for example,

or to find ways to collaborate withcolleaguesat other institutions

that have the needed resources.

• Be careful about acceptinga position requiring you to teach out

side your field. Smith-Baish, whose background was in physics

and bioengineering, had never taken an electrical engineering

course. As she put it, U I certainly understood many electrical

engineering principles, which derived from my physics back

ground, yet I still had to scramble, and it took a great deal of my

time."

• If you are a woman, seriouslyconsider not having children until
you have earned tenure. (See also Vignette #26.) If you do have

children,then invest in regularhelp with such thingsas child care

and household maintenance.

• Seek role modelsat your (or another) institution whocan serve as
confidants and mentors.

• Say "no" to most service assignments, particularly in your first
few years. In her fist year, Smith-Baish was asked to serve on a

very time-consuming searchcommittee seekinga newdean in the

College of Engineering.

Finally, Smith-Baish talks about the importance of looking for thebest
possible fit between you and a department. She notes that the more suc
cessful candidates for tenure had previous teaching, research, or industrial
experiences beyond the dissertation, and a background that best fits the
overall needs of thedepartment.

IN ADDITION: THE TEN COMMANDMENTS
OF TENURE SUCCESS, TENURE AS A POLITICAL
PROCESS, AND GEnlNG HELP ALONG THE WAY

Let us now look further into the tenure process by examining insights from two

books and from an unusual program underway at a university in British
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Columbia. Specifically, wewill lookat: (1) the tencommandments of tenuresuc

cess, (2) tenureas a political process, and (3) getting help along the way.

Ten Commandments of Tenure Success2

There are hundreds of published articles and many books on the subject of

tenure. One of the best sources for beginning faculty is: Getting Tenure, by

Marcia Whicker, JennieKronenfeld, andRuthStrickland[1].In it, the authors tell

you how to manage your tenure case, and then step you carefully through the

tenure process in a way that helpsyou meetyour institution's research, teaching,

and service criteria.

The book stresses the importance of keeping a recordof everything related

to tenure criteria. Sucha recordshouldnot only include teaching evaluations, but

also "letters from students about teaching, course syllabi, documents showing

participation in service activities, copies of requests for reviews of articles and

books, letters commending service activities, publications, and conference

papers" [1, p.140].

The authors also talk about the process of identifying outside reviewers,

whose comments will have a significant impacton your tenurecase. They offer

this advice [1, p.62,Table 4.4]:

• Pickpeople at equivalent peeror betterinstitutions, but be sure theyunder-

stand the normsof your kind of institution.

• Use no more than one referee from your doctoral institution.

• Use only one person from a group with whichyou have written articles.

• Referees shouldbe at a higherrank than you.

• Include full professors along with associate professors.

• Contactpeoplein advance beforeputting their nameon your list.

• Do not include someone who indicates they are too busy or unfamiliar
with your work.

Many of the key points in the book are summarized in the authors' Ten

Commandments of Tenure Success. They are [I, p.138,Figure9.1]:

1. Publish, publish, publish! (Pay attention to what does and does not

count.)

2. View tenure as a political process. (It is more like a legislative process
than a bureaucratic one.)

!Adapted from [1].
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3. Find out the tenure norms. (Understand the difference between written
standards and operational standards.)

4. Document everything. ( As noted above.)

5. Rely on your record, not on promises of protection. (Remember that

administrators come and go.)

6. Reinforce research with teaching and service. (Leverage each with the

other for maximum effectiveness.)

7. Do not run your department or university until after tenure. (Skip the

university policy meetings; go to the computercenter, library, or advi

sory meeting with students instead.)

8. Be a gooddepartment citizen. (Determine where, when, and how to chip

in and pull your weight.)

9. Manage yourownprofessional image. (Image management is important,

but not a substitute for productivity.)

10. Develop a marketable record. (Seekto developa recordthat is tenurable

anywhere.)

The Politics ofTenure

As notedabove, you needto viewpromotion and tenure as a political process. By

doing so, you are not ignoring substance; rather, you are recognizing that sub
stancealoneis notenough, that thereis also a human side to the success equation.
An excellent discussion of this elementappears in Chapter4, "Appreciating the
Practical Politics of Getting Promoted," in Mentor in a Manual-Climbing the

Academic Ladder to Tenure, by A. Clay Schoenfeld and Robert Magnan [2].
To the authors, politics is not a dirty word, but rather, "the total complexof

relations between personsin society" [2, p.119]. Whilerecognizing that political
situations can differ widely from campus to campus, Schoenfeld and Magnan

believe that you need to pay particular attention to "situations for which your

principal challenge is to understand the going standards or requirements [of your

department] and to adapt to them with insightand aplomb" [2, pp.12o-121].

In learning and adapting to the dynamics of your tenure-granting depart

ment, the authors suggest that you try to determine the following [2, p.122]:

• What is expected of the department by the divisional CEO (usually the

dean).

• What is expected of you by the department.

• The strengths and weaknesses of your compatriots.

• Other key people whose willing support is necessary to you and and your
department.
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Schoenfeld and Magnan then go on to list a dozen essential questions that

you need to answeraboutyourdepartment. They are [2, p.122]:

1. What is the real powerstructure of the department?

2. Who are the informal leaders in the department? What is the sourceof

their power as informal leaders? Are the informal leaders positive or

negative forces in terms of my meeting my responsibilities? In other

words, who are strategic sources of support? of sabotage?

3. CanI assume thatmy responsibilities, as outlined in myletterof appoint

ment' are consonant with the understanding of the faculty members who

will ultimately evaluate me?

4. How do my assigned responsibilities fit in with the responsibilities of

the department? the college?

5. What specific functions am I personally responsible for on my own?

6. What standards must I meet in my first year? the second? beyond?

7. What policies and standard operating procedures exist to assist me?

8. What are the formal norms I am expected to comply with? Are these

formal norms apt to be productive on my terms?

9. What informal norms am I expected to follow? Which are likely to be

productive? counterproductive?

10. What are the strengths and weaknesses of department support staff

personnel? of mygraduate students, particularly anyTAsor RAs?of my

undergraduates, particularly advisees?

11. Who are the key people who support activities promoting the depart
ment mission? What are their positive and negative attributes?

12. What are the strengths and weaknesses of the department in terms of
each required function-teaching, research, and service? [11]

Obviously, answering thesequestions will take time. Doingso will also test
your astuteness and ability to identify and work with the right mentors and role
models. The vignettes in this and previous chapters should give you assurance

that others are indeed willing to help. Now, let us take a look at what one uni

versity is trying to do in this regard.

Getting Help Along the Way

Someschools actually go out of their way to helpfaculty understand their tenure

and promotion process. One example is Simon Fraser University, a 13,000

Doctoral II institution in Burnaby, British Columbia, about an hour's drive from

Vancouver. Simon Fraserhas found that, if left to theirowndevices, mostfaculty
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will not do an adequate job when it comes to finding out about promotion and

tenure. According to Susan Taylor, the executive director of the Faculty

Association of SimonFraserUniversity:

You'd be surprised how many young faculty just hide away in their offices. They

believe all they have to do is work, work, work, and everything will be okay. But

this is not thecase.You have to talk to other faculty, ask questions, and not wait until

the fifth or sixth year. You need to take a colleague to lunch, talk about your schol

arship, learn from their experiences. You don't have time to reinvent the wheel.

Taylor, who has been at Simon Fraser since 1981, is responsible for a pro

gram that takes some of the mystery out of the renewal, promotion, and tenure

process. Established in 1990, it is remarkable for its ability to attractparticipation

from faculty, department chairs,and deans,as well as the university president.

The centralelementof the program is a day-long sessionat the beginning of

the fall semesterfor new and tenure-track faculty. It features a seriesof speakers

on such topics as the role of the Faculty Association, teaching, and obtaining

research support. The highlight of the event is a panelpresentation on tenureand

promotion. "We give a lot of thought to who should be on the panel," notes

Taylor. "Last year, we chosesomeone who hadjust achieved tenure, but who had

not had a particularly easy timedoingit. Wealso looked for a department chair, a

member of the University Tenure Committee, and then a dean and the university
president. Each had a particular perspective to offer" [3].

At Simon Fraser, a candidate's credentials are first reviewed by the
Departmental Tenure Committee (DTC). The recommendations of the DTC,
which do not have to be unanimous and which may be for or against tenure, are
then passed on to the faculty dean. The dean reviews the candidate's file and
passes his/her recommendation, which may be for or against tenure, on to the
University Tenure Committee (UTC). The UTC evaluates the candidate and

passesits recommendations, which againdo not haveto be unanimous and which

may be for or against tenure, on to the university president. The president

reviews the case, and then makes a recommendation to the Boardof Governors.

At any time along the way, a candidate may receive a request to appear before

the DTC, the dean, the UTe, or the president. These appearances can be critical.

At a recent information session put on by the Faculty Association, Paul Percival,

professor of chemistry and former member of theUTe, recalled this situation [4]:

It was a case where there was disagreement between the dean and the DTC. When

the candidate came before us (the UTe), he gave what amounted to a short 15

minute talk on his research, and it absolutely thrilled the committee members. He

turnedout to be such a compelling teacherthat he convincedus thoroughly, not only

of the valueof his researcharea, but of the fact that he was sucha top-notch teacher.

As a result, it wentfromthe stagewherethe committee had been moreor less evenly

split to a unanimous decision in favorof the candidate after his talk.
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Here are the key points with respect to tenure made by members of the

Faculty Association's panel at a recent informationsession [4]:

• Keep in mind that the universitydid hire you in the first place.They did so

at a time when they were able to be pretty selective, so they most likely

want to keep you.

• I kept hearing the research-teaching-service mantra. Was it 40/40/20 or

somethingelse? Had I done enough on each every month?At some point,

you have to just stop worrying, and say that this is all you can do. But, of

course, you keep worrying.

• Try to add something to your CV every month. Doing so forces you to

think about what you have accomplished, and to look at the kind of story

you want to tell about your career.

• Pay attention to the presentation of your CV as well as the content.

Remember, it is going to be seen by people outside your field, and it says

somethingabout how you are organized and how well you think.

• Explain to students at course evaluation time the significanceof what they

are about to do in your promotion and tenure process. You should not

solicit support for your application for tenure, but it is important for stu

dents to realize that they are not writing private notes to you, that what

they say can have a real impact on your future.

• You need to be seen as a good citizen of the department. Doing so means

that you are going to feel a tension between speaking up or going along.

Many times, you need to put your oar in the water with everyone else, but

there are times when the courage of your convictions, well presented, can

add an important dimension to your colleagues' understanding of your

contributionto the department.

• Do double-duty wherever possible. Combine your work with graduate

students and directed studies courses, with the kind of research you are

doing. Go to conferences, and come out with names and research ideas.

Bring speakers to campus; it gives both of you visibility, and it gives you

a good future contact.

• Find a mentor. Stay away from current chairs; they are too busy anyway.

But an ex-chair is ideal.

• Takeyour holidays, for Pete's sake! Nobody notices if you do not. But you

will notice when everyone comes back rested and refreshed and you are

ready to collapse!

All good advice, in no way unique to Simon Fraser. What is unique, or at

least very unusual, is that Simon Fraser discusses these matters in such a public

way, and in the process obtains the support of so many on the faculty and in the
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administration. As one professorput it after a recent session, "1've never been at

such a helpful institution. I'm overwhelmed with the willingness to give advice

and insights that I don't see how I could have obtained in any other way."

CONCLUSIONS

It is my hope that the 21 vignettes in Chapters 1(}"'14 will provide you with use

ful insights on how to manage your time, and get underway with teaching,

research, professional development, and tenure. If you are also able to perusepor

tionsof at leasta fewof thebooks referredto in the "InAddition"sectionsof these

chapters, you will have a good start on the road to a successful academiccareer.

However, books can only do so much.The main messageof Chapters 10-14

is that you are not alone, and that help can come from many sources. These

sources include members of your own department,others in your institution, and

those at many other colleges and universities. Indeed, with near universal

Internet access, advice and support are possible from faculty throughout the

world, not just those in our NorthAmerican neighborhood.

Remember Robert Boice's comments about "quick starters" in Chapter 10.

These are the ones who took the time to ask for help, to socialize withcolleagues,

and who understood that theydid not have to go it alone. They are the individuals,

who in Steven Covey's words, "are moving from dependence to independence
to interdependence." To help us all move further along on this path, I ask you to

participatein the discussiongroups and in the information exchangemechanisms

available through my WorldWide Web Home Page as noted at the beginningof

this book. I look forward to hearing from many of you soon.
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CHAPTER 15

Insights on Academia:

Needed Changes

It is my hope that the material in Chapters 1-14 will help tomorrow's professors

prepare for, find, and succeed at academic careers in science and engineering.

Yet, for them to truly thrive, we as administrators and senior faculty must also do

our part. We must serve as leaders, mentors, and partners in helping students,

postdocs, and younger faculty colleagues move from dependence to indepen

dence to interdependence. In so doing, we will make an important contribution

to the future of our academy.

Let us begin with a look at our role in helping students prepare for academic

careers. This examination will be followed by a brief discussion of what we can

do to assist graduate students and postdocs in finding the best possible faculty

positions. We will conclude with a look at how to help beginning professors suc

ceed in the current academic environment.

HELPING GRADUATE STUDENTS AND POSTDOCS
PREPARE FOR ACADEMIC CAREERS

What advice and what level of encouragement should we provide students and

postdocs regarding the pursuit of academic careers? Keep in mind that for many

students, the possibility of such careers first emerges while they are college

juniors or seniors. Their exposure to undergraduate teaching and the decision

to go on to graduate school often combine to at least raise the possibility of fol

lowing in their professors' footsteps. Remember, also, that the majority of Ph.D.
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studentsdid not go to researchuniversities as undergraduates, and almost half of

all new professorswill not teach at such universities. This fact means that all of

us, at all types of academic institutions, have a role to play in helping students

make decisions about their future careers.

At present, most of our advice seems to fall into one of two categories. We

either tell students to stay away from academia at all costs because of the poor

job market,difficultyin obtainingresearch funding, realitiesabout academiclife,

and/orour desire to have them go into industry, or we tell theman academicposi

tion-usually at a research university-is the only one worth having, industry is

to be looked down on, our best students are here to replace us, and if they are

really as good as they think they are, they will be able to find academicpositions,

just as we did.

Both of these positions are extreme. While we need realism, not fantasy, we

do not needcynicism.Weshoulddiscuss withour studentswhat is actuallygoing

on in higher education, and the advantages and disadvantages of academic

careers. In so doing, we need to support the Multiple-Option approach outlined

in Chapter4, whichmeansnotonly lookingat academic and nonacademic careers,

but at academic careers at all kinds of institutions. Realistically, most of our

students are goingto examine theseoptionsanyway; theyjust will not tell us about

it if they think we will disapprove. So why not get things out in the open and be

part of the discussion? If we do not, manyof them will come to theirdecision, for

or againstan academic career, basedon incorrect or incomplete information about
what it is actually like to be a professorin scienceor engineering.

Such discussions will inevitably lead to the question of whether we should

limit enrollment of graduate students in certain fields because of the current

excess of supply over demand. I believe that we should not do so. The market

will take care of the situation provided we do two things: (1) provide the best

information we can, including honest statements about our own motivations for

wanting graduate students, and (2) provide the advice and help students need,

i.e., be their partners in the career developmentprocess.

Once we have graduatestudentsand postdocswho want to consideracadem

ic careers, what then do we do? One of the discoveriesI made while writing this

book was how little students and postdocs really know about academia despite

their having spent most of their adult lives immersed in it. For this

reason, we need to provide more Next-Stageexperiencesas outlined in Chapters

4- 6. In so doing, we must give up our reluctance to let students and postdocs in

on what we are doing, and find ways for them to actively participate in "profes

sor-like" activities. I understand the resistance in some quarters to giving such

responsibilities to inexperienced individuals. The key, particularly in the case

of teaching, is to view it as a complement to, not a substitutefor, an experienced

professor. It is possible to provide this complement without increasing the

burdenon existingfaculty. The medicaltrainingand high schoolstudent-teaching

models discussed in Chapter 6 are just two possible approaches.
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During the past several years, I have been involved with a program at

Stanford University calledthe FutureProfessors of Manufacturing. Among other

things, it provides students withexperiences similarto thosetheywill havewhen
they become professors. They are regularly called on to make presentations
about their work and the program to potential donors, funding agencies, and

university officials. They write many of their own research and financial aid

proposals, and in many cases supervise master's-level RAs working in various

areasof manufacturing research. And, of course, they are given teaching oppor

tunities. These opportunities range from advanced TAships in manufacturing

courses, to guest lectures in regular courses, to teaching segments or even full

courses, individually or in teams, at Stanford University, the University of Santa

Clara, San Jose State University, and even the University of California-San

Diego, some550 milesaway.

We also need to provide students and postdocs with more Breadth-on-Top

of-Depth experiences as outlined in Chapters 4 and 5, particularly in view of

the movement of some institutions toward the broader notion of scholarship

(discovery, integration, application, and teaching) outlined by the Carnegie

Foundation for theAdvancement ofTeaching. Thismovement raises an interesting

question: Should we expand theconcept of the Ph.D., particularly thedissertation,

to include theseotherforms of scholarship?

The doctorate beganas a way of qualifying individuals for research careers,

but by the early part of the 20thcentury, it also becamea requirement for teach

ing at the college or university level. This requirement was in place even for

professors who wanted mainly to teach and who did little or no research. It did

not make sense then, and it certainly does not make sense now. If we are going
to promote all forms of scholarship, perhaps to a different degree at different
institutions, then should we not do more to prepare future faculty to carry out
such scholarship? Must we continue to have everyone do a standard "discovery
of new knowledge" dissertation, and then have them try to adapt to other forms
of scholarship lateron? Or can we prepare someprofessors for theseother forms
of scholarship through a different kind of dissertation? Certainly, it is possible
to make an original contribution through the integration, application, or teaching
of knowledge.

How wouldwe supervise such dissertations at traditional research universi

ties?To someextent, we have a chicken-and-egg problem. Yet, as otherforms of

scholarship begin to take hold at some research universities, advances in this

direction become possible. In othercases,research universities couldlookto form

"dissertation alliances" with other schools, or even government and industry,

where suchforms of scholarship are moredeveloped.

Would such a Ph.D. increase or decrease the recipient's career prospects?

I believe that it will increase them if it maintains the rigor associated with the

traditional Ph.D., and if it is better suited to the needs of particular institutions
that are thenprepared to reward suchscholarship in the retention, promotion, and
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tenure process. (More on this topic in the section, "Helping Beginning Faculty

Succeed."). SuchPh.D.s wouldalso fit nicelywith the Multiple-Option approach

advocated in Chapters 4 and 5 by increasing the attractiveness of the recipient to

government and industry. Let me be clear that I am not talkingabouteliminating

the traditional Ph.D. or aboutsubstituting breadthfor depth in a dissertation. But

I do think that it is time to look at additional optionsto better prepareprofessors

for the new academic reality.

HELPING GRADUATE STUDENTS AND POSTDOCS
FIND ACADEMIC POSITIONS

What is our role in helpinggraduatestudentsand postdocs find the best possible

positions? Wemust begin by letting them know we want to be actively engaged

in the process. Thisoffer is not an invitation to take responsibility off theirshoul

ders, but to play a role that complements their central activity. They can, and

should, feel free to discussall possibilities with us, including optionsin industry,

in government, and at all kindsof academic institutions. "Best possible position"

meanswhat is best for them, not us. It meanssupporting their interestin looking

at placesother than Research I and II universities, if that is theirchoice. At times,

it maymeanencouraging themto applyto other typesof institutions, even if they

may not initially think to do so.
Another thing we can do is promote more programs that encourage a dia

logue among students, faculty, administrators, and visitors about the academic
application process. In particular, we can share with our students and postdocs
the experiences at our institution with regard to current hiring efforts. We can
include them in the process as observers, as participants on search committees,

or as attendees at applicant academic job talks. Since not all of them will be able
to participate this way, we can ask those who are to share their experiences with

others at seminars or during informal gatherings.

Weshould also arrange for seminars and talksdescribing the procedures and

processes at otherinstitutions. Aneasywayto do so is to askgraduate students and

postdocs from our institution to sharetheirexperiences in applying to otherplaces.

We needto be proactive in introducing students andpostdocs to opportunities

we hearaboutthrough informal contacts. Weshouldbe sure to introduce them to

colleagues whovisit thedepartment and to thosewesee at professional meetings.

Even if these peopledo not have openings at their schools, they can often serve

as secondary contacts to others who do have such positions.
Wealsoneedto go out of our way to obtain feedback aboutour students' and

postdocs' written applications andperformances during job interviews andcampus

visits. Often, we are the only one who can obtain this information, so we need

to be proactive about getting it, and then sharing it in a way that is both honest

and supportive.
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Finally, we need to look beyond our own students and postdocs to the ones

who are applying for faculty positions in our departments. We have a special

responsibility hereto provide honestandcomplete feedback. Givingsuchfeedback

can bedifficult because the reasons for rejecting a finalist are oftensubjective and

noteasilyexplainable. Yet, if we beginby reviewing thecandidates' strengths, and

then moveon to whatdid not makefor a good match, or things in their presenta

tion they could improve, it usually goes well, and the feedback is often welcome.

I believe that it is the most important thingwe do for suchcandidates.

HELPING BEGINNING FACULTY SUCCEED

The last topic I would like to address is what we as administrators and senior

faculty can do to help new professors succeed in theirchosen careers. As notedin

Chapter 10,thecentral message fromover70 conversations withbeginning faculty

from schools across North America was their senseof beingoverwhelmed by the

number of itemson their plates, theirbelief that they were not doing any of their

tasks well, and their frustration at having no time to think long term. Adding to

their stress was their feeling of not having any clear understanding of what was

expected of them, of notknowing whatthereally important things toconcentrate on

were, and where-indeed even whether-to seekhelpand guidance from others.

It would be a mistake for us to assumethat all of this stress is just what we

experienced 30, 20, or even 1°years ago when we startedout as professors, and

that like us, they will just have to work through it. Not only have the goalposts

moved, thegameitselfhaschanged, andas we sawin PartI, thischange is causing

anxiety and uncertainty throughout all levels of higher education.
The first thing we can do is help set the proper context. We need to let our

beginning colleagues know that while we expect them to act independently and
accept responsibility, they are not alone, and they do not need to discover or
accomplish everything by themselves. Weneed to assurethemof our availability
as mentors and partners, not only with research, but with other forms of scholar

ship, including teaching. Seeking feedback frommoreexperienced faculty, learning

from the mistakes of others,and askingfor assistance when neededare not signs

of weakness, but of wisdom. However, just letting beginning faculty know we

are available is not enough. Weneed to seek themout on a periodic basis, inquire

how they are doing, what difficulties and anxieties they are facing, and how we

can be helpful withadvice, advocacy, and specific decisions. Put anotherway, we

need to insertourselves into the vignettes of Chapters 10-14.

These comments may seem obvious, even a little trite. In my experience,

however, we too often assume that someone else is takingcare of these matters,

only to find that theyhavefallen throughthe cracksandour beginning colleagues
have been left to fend for themselves.

The second thing we can do is support beginning faculty in their efforts to
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set long-term goals, to do fewer things in greaterdepth, and to manage their time

and their tasks moreeffectively. A trait sharedby most successful faculty is their

ability to set aside time in the present for longer term efforts such as establishing

a program of scholarship, writing a successful proposal, developing a new

course, and supervising Ph.D. dissertations. If I could suggest just one thing in

this regard, it would be for deans, department chairs, and senior faculty to legit

imize new faculty efforts to "establishing their absence," i.e., to set aside time

away from the office to work on long-term important tasks. We should do so on

an individual basis with junior faculty so that they know we are talking about

them specifically, but also publicly so that everyone will know we are sincere.

Finally, we need to take a closer look at tenure. Questions about tenure are

being raised not only by those outside academia (professionals in industry, state

legislators, and the public at large), but also from whose within (some board of

trusteesmembers, administrators, and faculty). Some of these questions relate to

the validityof the "institutionof tenure" itself, while others deal more with the

effectiveness of the tenure-granting process. The situation at the University of

Minnesota reflects both of these concerns. Recently, the university's Board of

Regents, supported by members of the state legislature, demanded a thorough

review of the university'.s tenure code [1, p.AI8]. Why? Because in an era of

fiscal constraints, they felt that the university should be able to layoff tenured

professors in financially troubled departments. To this demand, Nils Hasselmo,

the university's president, responded: "[We need to] protect tenure, but be sure
we make it an instrument that we can defend, with procedures that demonstrate
we are not protecting incompetence, we are not protecting slovenly behavior;

that's the only way I think we can build credibility [I, p.A18].
The viewof manyoutsideacademia is that tenureis tooeasy to obtain,results

in guaranteed lifetime employment, and demands little or no accountability from

faculty once. they receive it.As a vice presidentof a majorhigh-technology com

pany put it, "With all the downsizing and restructuring going on in industry, it's

hard to supporta systemthat, in a relatively short periodof time,guarantees life

time employment to people whose work may be out of date in just a few years."

As noted in Chapter 1, the main argument for tenure is that it provides faculty

with freedom of expression, while at the same time giving them the needed secu

rity to develop a depthof expertise over time that is not possible in any other way.

However, there is more to tenure than academic freedom and long-term

employment. The common perception that only faculty support tenure, and that

if university administrators had their way, they would get rid of it in a minute,

ignores the other benefits tenure brings to the institution. There are at least two

additional ways the institution benefits from tenure: financial and managerial.

As we noted in Chapter9, it is the total compensation package that is being

negotiated at the time of employment. Tenure, or more accurately the promiseof

it, is part of this package. The security and freedom tenure offers comes at a

price to the faculty memberin terms of salary. If tenuredid not exist, the institu-
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tion would have to pay higher salaries to compensate for the lack of security

tenureoffers. If the institution does not do so, it increases the likelihood that fac

ulty, particularly in the more high-demand fieldsof scienceand engineering, will

go elsewhere, i.e., to government, industry, or other academic institutions.

Whiletenuredoes notguarantee that faculty will not spendsomeof their time

on inappropriate outsideactivities, the lack of tenure increases the posibility that

at least somefaculty will engage in activitiesthat could lead to a conflictof com

mitment, if not interest. Without tenure, some faculty will spend additional time

"covering their bases" by engaging in external activities that take away from

their academic duties. You have only to look at what happens to industrial

employee activity, productivity, and morale when word gets out of a possible

downsizing to understand how this mightwork in academia. Indeed,as academia

rushesto embracethe corporatemodelof restructuring and outsourcing, it should

think about what it is at risk of losing. A sense of community, a shared view of

scholarship, a common history, and a commitment lasting over time do not

always show up on the bottom line. However, they are at the heart of what the

academy is all about, and are, I believe,closely tied to the securitytenurebrings.

The managerial benefit of having a system that rewards independence and

encourages longevity is in the reduced overhead associated with not having

formal annual reviews (as found in industry.) Of couse some form of faculty

performance review is essential if we are to have accountability, it just does not

needto be on an annual basis. An additional managerial benefitis in having senior

talent available for administrative, governance, and mentoring reponsibilities.

The security tenure brings is attractive to most faculty for reasons that also

go beyond academic freedom. As we noted in Part III, there is likely to be one

(or at most two) school,of a given type in any geographic area. The existenceof
this constraintmeansthat it is noteasy for a professorto leaveone institution and
find another academic position without having to change locations. Today, the
willingness of a faculty member to make such a move is mitigatedby the likeli

hood that he or she has a spouse with a career tied to their current locality. Thus,

tenure offers an added measure of employment security, not only for a faculty
member, but also for his or her professional spouse.

What about overall accountability and productivity? Do faculty members

reduce their efforts once they obtain tenure and lifetime security? The answer

depends on the effectiveness of the tenure-granting process. Simply put, we get

what we select. If a K-12 public school system grants tenure in two or three

years to 90% of its beginning teachers, it should not be surprisedto find a fairly

normal distribution of productivity and innovation among its permanentfaculty.

The more rigorous the tenure-granting process and the more it is explicitly

linked to the mission of the department and the institution, the more likely it is

to yield individuals who will continue with behaviors that were selected in the

time prior to tenure. Indeed, it is rather hard to fake such behaviors for a period
of up to a half dozen years.
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Consider Colby College, a Baccalaureate I institution in Waterville, ME.

lt has a selectiveand periodically evaluated tenure-awarding process that results

in a full-time faculty tenure percentage of 52. What does this mean in terms of

productivity and creativity?According to WilliamCotter, Colby's president [2]:

In virtually every case the granting of tenure has liberated that faculty member to

becomean even moreproductive and important contributorto thequalityof academ

ic.and campus life, and her or his finest scholarly work is usuallyproduced after the

tenure decision, not before. Tenured faculty members are motivated by a pride in

their profession, a sense of responsibility, and a recognition that they are the real

"owners' of the college. In addition. the tenure selection process looks forward and

tends to yield only those who are most likely to be stimulating teachers, productive

scholars. and active participants over a thirty-yearcareer.

Yet, how many departments and institutions are both willing and able to

match their mission with their tenure criteria?To do so, there first needs to be an

agreementon the mission at all tenure decision levels.The mission also needs to

remain fairly constant over time. Both are difficult to do in the best of times, and

are certainly not any easier in today's changing academic climate.

Recall the situation at SanJose State University (Master's I institution) in San

Jose, CA. The Biology Department had always emphasized the scholarships of

teachingand application. The Chemistry Department on the other hand, the ｾ ｾ ｕ

wannabe," emphasized the scholarship of discovery. Both departments are in the
College of Science, which raises the question of how a dean should respond to

these different criteria when tenure recommendations come his/her way.

Presidents, provosts, and deans can articulate a vision and a mission, but keep

in mind that tenurecriteria originate at the department level. It is the faculty who

must be clear about what they will support, and it is they who mustmakesure that

their view is consistent with the rhetoric of the deans and the provost. It is essen

tial to match the rhetoric withthe reality up theentiretenure decision-making chain.

Matchingthe institution's missionwith its tenurecriteria wouldbe an impor

tant step in the right direction. However, it is not enough. We also need to pay

more attention to the fairness of the tenure-granting process. That the process is

not fair in many instancescan be seen in the numberof faculty who thought they

were doing the right things, and who in many cases received what seemed to

them to be positive signals along the way, only to find after six years that they

had been denied tenure. Fairness comes by being more explicit about what

endeavors count toward tenure, what weight we give to each of them, and how

their quality will be assessed. Help in these matterscan come by returning to our

notion of scholarship.
As we have discussed, four interlocking elements form the new scholarship

paradigm developed by Ernest Boyer, late president of the Carnegie

Foundation for the Advancement of Teaching. They are (I) the discovery of
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knowledge, (2) the integration of knowledge, (3) the application of knowledge,

and (4) the scholarship of teaching. By recognizing and rewarding various forms

of scholarship, colleges and universities can allow faculty to makecontributions

best suitedto their interests, capabilities, resources, and goals. (SeeFigure 15-1.)

Two recent tenure appointments in the School of Engineering at Stanford
University reflect this possibility. In one case, a faculty member who did not

have a Ph.D. was awarded tenure primarily for his "scholarship of application"

involving significant contributions in the area of industrial design. The second

case involved a professor whose primary scholarly contribution was the devel

opment of an innovative approach to undergraduate curriculum development

involving Stanford and a numberof other institutions.

Tenure evaluation.

TENURE
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For the various forms of scholarship to be accepted in tenuredecisions, there

has to be an agreed-upon way of assessing their effectiveness. The Carnegie

Foundation for theAdvancement of Teaching has begunto studythis issue. It has

identified four principles relatedto faculty evaluation of scholarship: 1)qualities

of a scholar, 2) standards of scholarly work,3) documentation of scholarship, and

4) the credibility of the scholarship evaluation process [3, pp.23-24].

The Foundation suggests that we begin by looking at the qualityof the per

son doing the work, rather than at procedures. In Boyer's words: "I suggest that

scholarship relates, in the first instance, not to a catalogof accomplishments, but

to qualities of character. Standards are, of course, critically important. But even

more important are persistence, creativity, humility, and integrity, all of which

are at the very heart of academic life" [3, pp.23-24].

In looking at the standards for scholarly work, the Foundation examined

hundreds of documents and faculty handbooks, and surveyed dozens of editors

and directors of scholarly presses. In so doing, it came up with the following six

dimensions of good scholarship: knowledge, clear goals, appropriate methods

and procedures, creativeuse of resources, effective communication, and signifi

cant results.

The documentation of scholarship mustbe rich and varied, and include such

things as self-evaluation, peer review, student evaluation, and client evaluation.

According to Boyer, "The documentation of scholarship should be a 'movingpic

ture,'not a 'snapshot,' and that evidence should be gathered over time" [3, p.26].
Last, but not least, is the credibility of the scholarship evaluation process.

It is important for such a process to be seen as fair, and for professors to have

confidence in its procedures. Nevertheless, Boyer warns that the process must
not become ridgedand overlydependent uponquantitative measures. He puts it
this way [3, p.26]:

Whenall is said and done, what we must have, in faculty evaluation, are both good

people and good procedures. We must clarify the standards and more effectively

document the performance. A common language about scholarship will emerge, one

thatcuts across all the disciplines and helpscreatea truecommunity of learning, not

onlynationally, butglobally as well. For thisto be accomplished, theevaluation of the

professoriate requires richexperience, great wisdom, andeven,perhaps, compassion.

An encouraging step in the above direction was taken recently by the 11

campus North Dakota University System. The state Board of Education tenta

tivelyapproved a newtenurecode that wouldallowprofessors to helpchart their

own paths to tenure, emphasizing, if they so choose, teaching and service over
research [4, p.A16]. According to the new policy [4, p.A16]:

When faculty members go on the tenure track, their contracts will describe their

duties and goals and specifythe weights to be given to research, teaching, and ser

vice in performance and evaluation. The mission of their institution-whether it is a

research university or focuses moreon teaching-will playa role.
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The code also providesfor a more explicit evaluationof the performanceof

faculty once they have tenure. They will be evaluated every three years, and

institutions will be able to terminate professors who repeatedly receive poor

reviews [4, p.A16].

This latter point leads to one more important question. How can we help

faculty who want to develop professionally after they receive tenure? What do

we do about those who might, for example, want to change their research field

or scholarship emphasis? To some extent, tenure encourages such activity

because it ties further promotionsand salary increases to performanceand not to

scholarship that is out of date or no longer relevant. Indeed, as we saw in Chapter

3, fundingagencies,both internal and external, will simply not support work that

is no longer important and compelling,particularly in the current fiscal climate.

But changing fields is not easy, and for the most part, academia does not

have a mechanism for supporting and rewarding such efforts. Most posttenure

promotion and salary increases are based either on the same, "straight-ahead,"

in-depthcriteria used in the grantingof tenure,or on administrative service to the

institution. As Michael Lightner, of the Universityof Colorado at Boulder, says,

"We need a way of encouragingfaculty professionaldevelopmentnot unlike the

way it is done in industry. It is ironic that academia is quite good at providing

professional developmentcourses for individualsfrom industry, but not nearly so

good at doing the same thing for its own faculty" [5]. Lightner suggests that for

interestedfaculty, we relax the annual publication/dissertation productivitymea

sures, and think in terms of a three-five year performancecontract in which the

faculty member and the institution agree on a plan for moving into a new

research field or scholarship area. Progress along the dimensions of the plan

would be the basis for further promotion and salary increases. Such an idea is
well worth considering.

CONCLUSIONS

By helping graduate students and postdocs prepare for, find, and succeed at

academiccareers in science and engineering,we not only fulfill our "intergener

ational obligation," but we enhance the community of scholars of which we are

all a part.

This community revealed itself in an unexpected way while I was doing

research for this book. I examined dozens of college and university WorldWide

WebHome Pages, and found, interestingly enough, that none of them startedout

with the institutions' laboratories, multimedia center, or other high-technology

facilities. They all began with the college or university insignia, followed

by drawings or photographs of the oldest, most traditional buildings on campus, all

intended, it seemed to me, to convey a senseof history, scholarship, and community.

Outside my window to my right are a number of buildings constructed over

100 years ago. Some are undergoingmajor reconstruction to completely change
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what they are like on the inside. However, care is being taken-at great expense

-to preserve theirexteriors so that they lookas theydid in the late 1800s. Tomy

left is a brand new 150,OOO-square-foot computerscience building that-thank

fully-also looks from the outside like the lOO-year-old sandstone buildings to

my right. Inside the new building is the very latest in communications, teaching,

and experiential technology, enabling, among other things, faculty and students

to interactwith theircounterparts at institutions aroundthe world. Yet, the major

reason for constructing the building was to bring together under one roof stu

dents and faculty who had been dispersed among a dozen or so buildings across

the campus. Let us all make the sameeffort at inclusion with thosegraduate stu

dents, postdocs, and faculty who would follow in our footsteps.
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ApPENDIX A

possible Items for Inclusion

in a Teaching Portfolio'

Faculty members should recognize which of the items that might be included

in a teaching dossier would most effectively give a favorable impression of

teaching competence, and that might better be used for self-evaluation and

improvement. The dossiershouldbe compiled to makethe best possible case for
teaching effectiveness.

THE PRODUCTS OF GOOD TEACHING

1. Students' scoreson teacher-made or standardized tests, possibly before
and after a coursehas been takenas evidence of learning.

2. Student laboratory workbooks and other kindsof workbooks or logs.

3. Student essays, creative work, and projector fieldwork reports.

4. Publications by students on course-related work.

5. A record of students who select and succeed in advanced courses of

study in the field.

I From R. Edgerton, P. Hutchings, and K. Quinlan, The Teaching Portfolio: Capturing the

Scholarship of Teaching, a publication of the AAHETeaching Initiative, American Association of

HigherEducation, One DupontCircle,Washington, DC 20036, 1991,p. 8. Copyright © 1991 by the

American Association for HigherEducation. Reprinted with permission.
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6. A record of students who elect another course with the same professor.

7. Evidence of effectivesupervision of Honors, Master's, or Ph.D. theses.

8. Setting up or running a successful internship program.

9. Documentary evidenceof the effectof courseson studentcareer choice.

10. Documentary evidence of help given by the professor to students in

securingemployment.

II. Evidence of help given to colleagueson teaching improvement.

MATERIALS FROM ONESELF

Descriptive material on currentand recent teaching responsibilities and practices.

12. Listof course titlesand numbers, unit valuesor credits,enrollments with

brief elaboration.

13. List of course materials preparedfor students.

14. Information on professor's availability to students.

15. Report on identification of student difficulties and encouragement of

student participation in courses or programs.

16. Description of how films, computers, or other nonprint materials were

used in teaching.

17. Steps taken to emphasize the interrelatedness and relevance of different

kinds of learning.

Description of steps taken to evaluate and improve one's teaching.

18. Maintaining a record of the changes resulting from self-evaluation.

19. Readingjournals on improving teaching, and attempting to implement

acquired ideas.

20. Reviewing new teaching materials for possible application.

21. Exchanging course materials with a colleague from another institution.

22. Conducting research on one's own teaching or course.

23. Becoming involved in an association or society concerned with the

improvement of teachingand learning.

24. Attempting instructional innovations and evaluating their effectiveness.

25. Using general support services such as the Education Resource

Information Center (ERIC) in improving one's teaching.

26. Participating in seminars, workshops, and professional meetings intended

to improve teaching.

27. Participating in course or curriculum development.
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28. Pursuing a line of research that contributes directly to teaching.

29. Preparing a textbook or other instructional materials.

30. Editing or contributing to a professional journal on teaching one's subject.

INFORMATION FROM OTHERS

Students

31. Student course and teaching evaluation data that suggest improvements

or produce an overall rating of effectiveness or satisfaction.

32. Written comments from a student committee to evaluate courses and

provide feedback.

33. Unstructured (and possibly solicited) written evaluations by students,

including written comments on exams and letters received after a course

has been completed.

34. Documented reports of satisfaction with out-of-class contacts.

35. Interview data collected from students after completion of a course.

36. Honors received from students, such as being elected "teacher of

the year."

Colleagues

37. Statements from colleagues who have observed teaching either as mem

bers of a teaching team or as independent observers of a particular

course, or who teach other sections of the same course.

38. Written comments from those who teach courses for which a particular

course is a prerequisite.

39. Evaluation of contributions to course development and improvement.

40. Statements from colleagues from other institutions on such matters as

how well students have been prepared for graduate studies.

41. Honors or recognition such as a distinguished teacher award or election

to a committee on teaching.

42. Requests for advice or acknowledgment of advice received by a com

mittee on teaching or similar body.

Other Sources

43. Statements about teaching achievements from administrators at one's

own institution or from other institutions.

44. Alumni ratings or other graduate feedback.
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45. Comments from parents of students.

46. Reports from employers of students (e.g., in a work-study or "coopera-

tive" program).

47. Invitations to teach for outsideagencies.

48. Invitations to contribute to the teaching literature.

49. Other kinds of invitations based on one's reputation as a teacher (for

example, a mediainterview on a successful teaching innovation).
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Statement of Personal Philosophy

Regarding Teaching and Ieorninq'

Mary AnneCarroll

Atmospheric, Oceanand SpaceSciences Department

University of Michigan

My move from a research laboratory to an academic setting was motivated by a

desire to teach. Therefore, being a member of a university where attention to

teaching and learning has a high priority is important to me. My interest

in teaching comes from my own positive experience as an undergraduate and

from a love of learning. It also stems from a belief that environmental issues are

intricately connected with technology, and a sense of responsibility to educate a

citizenry that is "literate" in environment sciences.

In considering how one goes about sharing one's love of learning, it is

important to consider that learning strategies differ widely, and that teaching

strategies are not always easily matched with students' needs. In addition, stu

dents bring widely varying knowledge bases to the table in each course, so each

course is different according to the background and learning preferences of that

particular class. A further complication is that students also bring different levels

of maturity, interest, and motivation. The challenge is to make course materials

accessible to all students, and to be responsive to individuals who are having

difficulty integrating new material without boring others. Is this possible?!

I Reprinted with permission of MaryAnneCarroll, 1996.
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I believe that learning can and should be fun, and that students who

are active participants learn much more than those whose participation is largely

passive. Teaching and learning involve an inherent contract. Students must agree

to take responsibility for their learning in order to engage, and teachers must be

willing to be engaged, as well. When students are so engaged, their learning is

not solely dependent upon the rate of the delivery of lectures, so a mix and match

of pace and teaching strategies designed to meet the needs of a range of learning

skills need not be debilitating to the progress of any students. I welcome a group

of students who are actively involved, thinking and questioning the material pre

sented to them, whether presented by me or by another student.

Part of the contract involves the completion of homework assignments

so that classroom periods can be used for group work and other activities

that involve students and encourage their learning from each other. Although I

initially felt the need to lecture in detail on all topics covered, my perspective has

changed as my level of familiarity with the course material has increased. I

believe that a teacher is not a giver of knowledge, but rather a facilitator or a

guide for the student. As a guide, it is my responsibility to find or create alternate

presentations of the material that I feel help clarify key points, and to design

in-class activities that provide students with the opportunity to integrate material

and to practice using new concepts. I have used take-home exams (even with an

enrollment of 57) because I believe that students learn more and are not disad

vantaged if they find timed exams difficult.

The concept of teacher as guide and the goal to encourage students to

achieve carry over into my research group as well. I have high expectations of

my research group's performance, and I would like my students to have high

expectations of themselves as well. While I believe that assigning dissertation

topics is disadvantageous for the student, I am actively involved as a resource

during the selection process, as well as someone who provides encouragement,

constructive criticism, and praise-all important components of nurturing the

training process.
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Professional Associations

for Academic Job Seekers

in Science and Engineering

The following professional associations provide members with support and

information about academic job listings. Listings may be found in "employment"

sections of the association's journals or newsletters, or in separate employment

bulletins mailed periodically throughout the year.

SCIENCE

American Astronomical Society

2000 Florida Ave. N.W., Suite 300

Washington, DC 20009

(202) 328-2010

http://www.aas.org/

American Chemical Society

1155 16th S1. N.W.

Washington, DC -20036

(202) 872-4600

http://www.acs.org/
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American Institute of Biological Sciences
1401 Wilson Blvd.

Arlington, VA 22209

(703) 415-1751

http://www.reston.comJaibs/aibs.html

American Mathematical Society

Box 6248

Providence, RI 02940

(401) 455-4000

http://www.ams.orgl

American Physical Society

335 East 45th S1.

New York, NY 10017

(212) 682-7341

http://www.aps.org/

American Societies for Cell Biology/American Societyfor

Biochemical Molecular Biology/Federation of American

Societies of Experimental Biology

9650 Rockville Pike
Bethedsa, MD 20814

(301) 530-7153
http://www.FASEB.org/ascb

American Societyfor Information Science

1010 16thS1. N.W.
Washington, DC 20006

(301) 495-0900

http://www.uiowa.edu/-Iibsci/asis/asis.html

Botanical Society of America

Schoolof Biological Sciences

University of Kentucky

Lexington, KY40506

(606) 257-9000

http://www.uky.edu

Ecological Societyof America

Center for Environmental Studies

Arizona State University
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Tempe, AZ 85187-1201

(602)965-3000

http://www.sdsc.edu/

Geological Society of America
3300Penrose Place,Box 9140

Boulder, CO 80301

(303)447-2020

http://www.geosociety.org/

Mathematical Association of America

1529 18thSt. N.W.

Washington, DC 20036

(202)387-5200

http://www.maa.org/

National Association of Environmental Professionals

5165 MacArthur Blvd. N.W.

Washington, DC 20016
(202)966-1500

http://enfo.com/NAEP/

ENGINEERING

American Institute of Chemical Engineers
345 East 47th 5t.
NewYork, NY 10017
(212)705-7338
http://www.che.ufl.edu

American Institute of Mining, Metallurgical &

Petroleum Engineers
345 East 47th St.

NewYork, NY 10017

(212)705-7695

aime_ny@aol.com

American Society of Engineering Education

11 Dupont CircleN.W., Suite 200

Washington, DC 20036

(202)331-3500

http://www.asee.org/
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American Society of Mechanical Engineers

345 East 47th St.

New York, NY 10017

(212) 705-7722

http://www.eng.usf.edu/studorgs/asme/

Association for Computing Machinery

11 West42nd St.

New York, NY 10036

(212) 869-7440

http://csclub.waterloo.ca/

Association of Environmental Engineering Professors

Department of Civil Engineering

Villanova University

Villanova, PA 19085

(906) 487-3495

http://www.bigmac.civil.mtu.edu/aeep.html

Instituteof Electrical and Electronics Engineers (IEEE)

345 East 47th St.

New York, NY 10017

(212) 705-7900
http://www.ieee.org/

Instituteof Transporation Engineers

525 School S1. S.W., Suite 410

Washington, DC 20024
(202) 554-8050

http://www.IO.coml-itehq/

Societyof Industrial and AppliedMathematics (SIAM)

1405 Architects Building

117 South 17thSt.

Philadelphia, PA 19103

(215) 382-9800

http://www.siam.org/

Societyof Women Engineers

345 East 47th St., Room 305

New York, NY 10017

(212) 705-7855

http://www.swe.org/



ApPENDIX D

Questions to Ask Before Accepting

a Faculty Position1

DEMOGRAPHICS

• Is the institution public, semi-public, or private?

• How does the control of the institution (public or private) impact the

college and department?

• What are the university/college/department's mission, vision, and goals?

How well are they accepted by the administration and faculty?

• What is the undergraduate, master's student, and doctoral student enroll

ment of the university/college/department? What are the retention and

graduation rates?

• Is the institution on a quarter or semester system?

• Are there satellite campuses staffed with a separate administration and fac

ulty from the main campus? Will you be asked to teach at the satellite cam

puses?

I FromHIs thisan offeryoucan't refuse?Criteriafor selecting an engineering faculty position,"

by Timothy Greene, Marilyn S. Jones, John G. Casali, and Nancy E. Van Kuren, ASEE Prism, pp.

30-33, Sept. 1994. Copyright © 1994by theAmerican Society of Engineering Education. Reprinted

withpermission.
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• Does theinstitution offer a night program at thegraduate orundergraduate level?

• What engineering disciplines are studied in the department?

• Are there other engineering institutions in the state that are competing for

state, federal, and privatedollars?

• What percentage of the institution's income is from tuition, endowment,

research, or extensionrevenues?

• Is there an institutional foundation? How is it operated? If so, are there

restrictions on receiving and expending funds?

• What is the financial status (current or future) of the university/college/

department?

FACULTY

• What is the number of full professors, associate professors, assistant

professors, instructors?

• Howmanyfaculty members are currently tenured at eachprofessorial level?

• Is there a quota on the position levels or on tenure?

• What percentage of untenured faculty members who have reached their

mandatory year have not achieved tenure in the past five years?

• What is the expectedfaculty growth in the university/college/department?

• Is the department administered by a head or chair? If so, what is the term

of service for the position?

• What is the background of the department head or chair (education, teach
ing interests, and research interests)?

• What is the department head's philosophy regarding teaching, research,
and publication? What is his or her vision for the future?

• Whoon the faculty is doingresearch and teaching in yourareaof expertise?

• Are faculty awards given by the university/college/department?

• What are the sabbatical policies?Are sabbaticals encouraged?

• How are faculty members evaluatedon a regularbasis?Is an annual report

required?

FACULTY DUTIES

• What constitutes a full-time teaching load?

• What is a typical teaching-research-service-extension load/ratio?
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• What is the ratiobetween teaching graduate and undergraduate courses?

• How are teaching assignments made? (Who makes them? What are the

criteriaon which they are based-areas of expertise, research load, etc.?)

• How are summer assignments made?

• What is the pay rate associated with a summer appointment?

• On what committees can you expect to serve (e.g., graduate program,

undergraduate curriculum, graduate admittance, college)?

• Arejuniorfaculty included in committee assignments during the firstyear?

• Are professional activities encouraged and financially supported?

• AreTV courses taught? If so, how are theyassigned to each faculty mem

ber? How does a TV course relateto a regular teaching load?

FACILITIES

• What laboratories are available in your area of expertise?

• To what extent are these laboratories currently committed to research

projects and/orcourse support?

• Are there technical personnel to support the laboratories?

• Are funds available to alteror upgrade the laboratories?

• Whatare the priorities on purchasing newequipment?

• Are the facilities conducive to teaching classes and/or conducting
research?

• Who is responsible for the laboratories' activities and expenditures?

• Whatcomputer facilities are available for faculty members, undergraduate
students, and graduate students?

• Does the library carry the appropriate engineering journals?

• Does the library possess a computer-automated literature search capability?

• Is therea separate engineering library?

• Is there a departmental, college, or university computer network? If so,

how is it supported? What software is available?

• Does the institution provide an e-mail system that is connected to either
Internet or Bitnet?

• Is clerical and/ortechnical support available?

• Is support provided for patentsearches and securements?

• Is support provided for writing textbooks?

• How is clerical and/ortechnical support assigned to a faculty member?
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UNDERGRADUATE PROGRAM

• Is thedegree program accredited? Sincewhen? Whatwerethecritiques for

the last visit?

• What is a nominal class size?

• What is the retention rate?

• Are graduate student teaching assistants available?

• Who is responsible for undergraduate academic advising? What is the

faculty role in academic advising?

• Which courses can you expect to teach? (Be aware that this question is

usually askedof the interviewee.)

• Is therea cooperative education program with industry?

• Are special studyoptions offered?

• Can new undergraduate courses be initiated? If so, what is the procedure?

• Is documentation available concerning degree requirements, course descrip-

tions, and teaching schedules?

• Is an honors program available?

• When do students entertheprogram (asfreshmen, sophomores, or juniors)?

• Are professional and honor societies available for students? If so, how
active are these societies?

GRADUATE PROGRAM

• Is therea separate graduate college?

• If there is a graduate faculty, must you join it before guiding graduate

students?

• What graduate degrees are offered (master of engineering, master of

science, doctorof philosophy, doctorof engineering)?

• Are special options (concentrations) of studyoffered to graduate students?

• Whatare the requirements for entrance into the master's program for B.S.

engineers?

• What are the requirements for entrance into the master's program for B.S.

nonengineers?

• What is the ratio between U.S. and foreign graduate students?

• Are there restrictions on when a new faculty member can begin to direct

Ph.D. candidates?
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• What is the graduate student stipend? Are there tuition waivers?

• Is therea graduate student cooperative education or internship program?

• What fellowships are available to support graduate students?

• What is the nominal size of a graduate class?

• How many master's and doctoral students does each faculty member

typically direct?

• Can newgraduate courses be initiated? If so, what is the procedure?

RESEARCH

• Is therea research division? If so, what is its function?

• Are "seed" funds available for research program initiation?

• Is state or university core research funding available? If so, what is the

priority for funds distribution?

• What companies have established research contacts with the college or

department in yourareaof expertise?

• Is assistance available to write research proposals and to create related

budgets?

• Does the institution obtain research opportunity announcements andformal
requests for proposals (RFPs), screen them, and then direct them to the

appropriate faculty?

• Towhatlevelis the university, college, or department willing to cost-share
on research proposals?

• Is the cost-sharing in "harddollars," release time,or another category?

• Whatare the fringe benefits and overhead ratesof researchers?

• What percentage of overhead is returned to the university/college/depart
ment?

• Is there an institutional foundation to maintain scholarships, equipment
donations, and so on?

• Is release time(from teaching, committee appointments, andadministration

assignments) available to conduct funded research?

• Is interdisciplinary research encouraged? Are there opportunities and/or
expectations forcollaborating withotherdepartments within or outside the

institution?

• Are travel monies available to visit potential sponsors and/or technical

conferences?

• Are thesemonies controlled at the department level?
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PROMOTION AND TENURE

• Whatare the general requirements for promotion and tenure in regard to:

Numberof refereed publications?

Number of nonrefereed publications?

Numberof published textbooks and/orchapters?

Numberof national or international presentations?

Teaching qualityand quantity?

Extension activities?

Research dollars?

Numberof master's students directed?

Number of doctoral students directed?

University service?

Community service?

Professional societal service?

• What is the review process for promotion and tenure (university, college,

department)?

• What is the time schedule for promotion?

• Does tenureautomatically come with promotion?

• Are faculty tenured without being promoted?

• Are studentevaluations of faculty members' teaching used in the promo
tion process?

• Are peer evaluations used in the promotion process?

• How is consulting viewedin the promotion and tenuredecision?

PROFESSIONAL DEVELOPMENT

• Are seniorchaptersof appropriate technical societies located nearby?

• Are funds available to send faculty to continuing education courses or

conferences?

• Can a faculty member take courses at the university? If so, how many?

What is the cost?

• Areleaves of absence available to workin industry, studyabroad, andsoon?

BENEFITS AND CONTRACTUAL ISSUES

(This section does not cover questions associated with medical, dental, or life

insurance, issuescommon to any hire. Be sure to investigate these as well.)

• Is the contractual appointment for 9, 10, 11, or 12 months?
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• If the appointment is for less than a year, is pay spreadover 12 months?

• Is the retirement program tied to a national programsuch as TIAAlCREF

orVALIC?

• Is consulting permissible? How many days per week/month?

• Can any of your dependents enroll in the institution at reducedrates?

• How are intellectual properties handled?

• Whatis the institution's policy on patents andfaculty-developed inventions?

• Can provisions be made to compensate for moving expenses?

• Is state incometax waived?

• What optionsare available for dual-career couples?

• Will the institution provideany assistance in helpingfaculty spouses find

employment at the institution or in the generalarea?

• Does the institution have child care or elementary education options

available throughits educational programs?

• Is transitional housing available through theinstitution's housing department?
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Sample Offer letters

Note: Certain identifying features of each letter have been changed to protect

confidentiali ty.

SAMPLE 1: OFFER FROM A LIBERAL ARTS COLLEGE

June 18, 1996

Memorandum of Agreement

(Offering) University is pleasedto offer Mr.John Smith a tenure-track appointment to the Facultyof

(offering) University as an AssistantProfessorof Biology. The initial appointment is for three years,

fromAugust 1996throughJune 1999.

Ifdegreerequirements are completedbefore the beginningof the fall 1996semester, your salary will

be $XX,XXX. If degree requirements have not been completed by that time, your first year salary

will be ($XX,XXX - $1000). Upon completionof degree requirements during the first year, your

salary will be increasedand proratedon the basis of $XX,XXXfor the remainderof the academic

year 1996-1997.

No renewal of the initial contract will be considered if the Ph.D. has not been completed by

December15, 1997.If degree requirements are completedduringthe academicyear 1996-1997,you

may choose whetheror not to count that year toward tenure. If degree requirements have not been

completed beforeJune 1, 1997,the academicyear 1996-1997will not count as credit towardtenure.
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In addition, youwillbe named a recipient of theendowed (name) Fellowship. Assuch,youwillreceive

an annual summer stipend equivalent to 119th of yoursalary, to begin in the summer of 1997, provided

you accept no otheremployment during one summer month. You will also receive an annual research

stipend of $6000to use for travel, student assistance, and material and equipment in support of your

research and teaching. The Department's (name) Fellowship holder, currently (name), will serveas a

mentor for you, and assist you in the development of plans for the use of these Fellowship funds.

Renewal of theFellowship forthe final yearisdependent upona successful third-year review in thefall

of 1998. The threeyearsof Fellowship will terminate at the end of the summer of the academic year

1999-2000. Upon presentation of appropriate receipts, yourmoving expenses willbe reimbursed up to

6% of yourstarting salary.

A tenure-track appointment is a probationary period,one that does not necessarily includethe right

to permanent employment. The minimum requirements andconditions for retention and the awardof

tenure by the Board of Trustees upon completion of the probationary period are set forth in each

department's statedcriteriain the University policieson academic freedom, responsibility, retention,

and tenurefoundin the enclosedFacultyHandbook.

Your acceptance of thisofferwill be indicated by yoursigning bothcopiesof this letterand returning

one original to this officeby June 10, 1996. Welook forward withpleasure to youracceptance.

Vice President for Academic Affairs

I accept the aboveappointment.

Signature

Dean,Collegeof Science

Date

SAMPLE 2: OFFER FROM A MASTER'S UNIVERSITY

May31, 1996

Ms. (nameof candidate)

Address

Dear Ms. (nameof candidate):

On the recommendation of the Department of Materials Engineering, I am mostpleasedto offer you

a position as faculty, Step 4, with academic year employment. The presentsalary is $XX,XXX per

year. This is a probationary position, whichcould lead to tenure.

As an academic year employee, you will be entitled to regularhealthand dental benefits, you will

accruesick leavein accordance withthe policiesof the (name)StateUniversity System,and you will

become a memberof the state of (name) Public employees Retirement System. Please contact the

Personnel Officerat (XXX) XXX-XXXX if you haveanyquestions regarding theseor otherbenefits.

Inextending thisofferto you,I wishto stress the importance of faculty involvement in teaching, student

advising, laboratory development, research, and service activities. Faculty members are expected
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to: (a) contribute to the instructional program througheffective teaching, development of courses,

curricula, and laboratories at both graduate and undergraduate levels; (b) develop professionally by

initiating successful proposals and conducting sponsored research leadingto presentations at profes

sionalsocietymeetings and publications in recognized journalsthroughthe Peerreviewprocess;and

(c) take part in serviceactivities by servingon Department, School,and University committeesand

to participate in extracurricular activities sponsored by the Department, School,and University.

It is anticipated youreffortswill primarily be concentrated in the area of Electronic Materials.

This appointment offer reflectsmy belief that you will be an active and effectivecontributor to the

Department, the School of Engineering, and to the engineering profession. The Materials

Engineering Faculty and I look forward to yourjoining our University and helping in the continued

development of a high-quality engineering education program. I wouldappreciate receiving a letter

of acceptance as soon as possible.

Sincerely,

(name), Dean

SAMPLE 3: OFFER FROM A RESEARCH UNIVERSITY

June 2,1996

Dr.(candidate name)

Address

Dear (candidate name):

The Department of Physicsat the University of (name) is very pleased to offer you a tenure-track

assistant professor positionwith a start date of September I, 1996.Weare very impressed with you

as a youngscientistand with your potential as a teacher. The initialappointment period is for three

yearsat a startingacademic-year salaryof $XX,XXX paid in biweekly increments over the full 52

weekyear. The University allowsyou to supplement your academic-year salary with up to an addi

tional 2/9 of this amountderivedfrom grants, etc. The University offers the usual benefits ranging

from health insurance to a State of (name)retirement system.This letter outlines the commitments

we are able to maketo you in the contextof this offer. To formally acceptour offer,please sign this

letterat the bottomand return the appropriate signedcopy to me.

As I havenoted,thisoffer is for an initialperiodof threeyears.This is a typical"initialoffer"of fac

ulty status in the Department. For a typical such appointment, during the second year, an internal

review of yourprogress is carriedout, and a one-year reappointment is thenconsidered. Then,during

the next year, the third appointment year, a more extensive review of progress is carried out. This

"mini-tenure review" usually includes seekingexternal reference letters to help determine research

progress and taking a close look at teaching effectiveness. The purpose of this review is both to

determine whetherwe wish to renewthe candidate'sappointment and to providethe candidate with

significant feedback so thathe/shecan try to makeany needed "midcourse corrections" on the wayto

the tenuredecision. A successful reviewresults in a furtherthree-year appointment (i.e., through the
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seventh year fromthe initial appointment). Tenure and promotion to associate professor are normally

considered in thesixthyearof appointment. If granted, tenurebeginswiththestartof theseventhyear;

if denied, this seventh year would normally be the last, withfurtherappointment highlyunlikely.

As we have discussed, I am aware that you are considering the possibility of postponing your start

date beyond September 1 (i.e., at least to January I). We would still begin your appointment on

September 1,but immediately put you on "leave without pay" statusuntilyour actualarrival to take

up the position. In this event, all of the above timelines (e.g., time to tenure decision) would slip

accordingly. You shouldalso be awarethat therecan be a waiting periodof (approximately) 60 days

for, e.g., health insurance coverageto take effect once you are on payroll; once you have a definite

startdate, I can let you knowwhatyou mustdo to ensurecontinuous coverage.

The start-up funding package wecan offeris, I believe, consistent withwhatwe havediscussed infor

mally. The School of Humanities and Sciences (SH&S) will provide up to $50,000 in your first

year for (computing) equipment, one full-year research assistantship (approximately $15,000to the

student) eachof yourfirst twoyears, and$6000per year in yourfirst twoyearsfor "otherpersonnel."

This last itemis intended to provide support, mostlikelyin the formof studenthelp,in settingup and

maintaining the computer system(s) you intendto obtainwiththe equipment money; "expert"help is

available fromSH&Sstaffas wellas fromthecentralcampus information technology groups, but the

"routine"operational issuesshouldbe addressed by yourown personnel. In addition to thesecommit

ments, our Deanhas agreedto provide you withyour firstyear's summersalary(in the usualamount

of two-ninths of youracademic year salary) and with travel funds up to $8000per year for your first

two years. The commitments to summer salary and travel are "backstop" commitments in that he

wouldberelieved of thesecommitments shouldyoureceive external funding to coverthem.However,

in theeventthatyoudo receive external funding, he hasagreed toofferhalf theamountof any unused

backstop commitments for useas "matching funds"to help leverage additional external funding. The

timeline for thesecommitments shouldbe viewed as definite. WhileI am fairly certainthat the Dean
would respond favorably to a well-reasoned requestto delaya givenexpenditure, he mostdefinitely

doesnotwantanyof thesecommitments to be viewed as "openended";without prioragreement, these

commitments willexpireas described.

Inaddition to theSchoolcommitments, the Department willprovideyou withup to a totalof $15,000

over your first three years for "miscellaneous" expenses. Based on my growing experience with

start-upfunding issues, I believeyou will find it useful to have modestfunds to use for unexpected

opportunities or unexpected expenses.

Finally, the University is able to pay "reasonable" moving expenses provided you followthe appro

priateprocedures and use approved carriers. Pleasecontactme beforeyou beginplanning to move.

As we havediscussed, I am awarethat you are considering different possible approaches to research

funding. Shouldyou wish to beginthe processof proposal preparation beforeyourarrival,I am pre

pared to assist you with the relevant University forms and policies. I see no difficulty in processing

proposals here in advance of yourarrivalshouldthat be yourdesire.Similarly, thereare a numberof

possible fellowship and Young Investigator programs that we might wish to explore in advanceof

your arrival on campus. If you wish, we can explore these furtherover the summer. Finally, along

these lines, I am prepared to consider a reduced teaching assignment during your first or second

semesterhere if that wouldfacilitate preparation of research proposals.

The Department of Physics is very excitedabout the possibility of your joining us. I hope that you

wereable to see that the Department is committed to growthand improvement. Wehave been hiring

excellent, enthusiastic youngfaculty members, and will continue to do so. Your ideasshouldlead to
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successful grant proposals and an outstanding academic career. Wesincerely hope you will be able

to accept our offer. If we do not hear from you by July 10, I willcall to see whereyou standon the

offer. In the meantime, if thereare any questions, pleasefeel free to call any of us.

Sincerely,

Professor andChairof Physics

I accept the termsand conditions of the aboveoffer.

Name of Candidate Date
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Elements Found in Most

Successful Proposals

The following list (collected from various sources by and published with per

mission from Assistant Chair, Rebecca Claycamp, Department of Chemistry,

University of Pittsburgh) may help Principal Investigators anticipate areas where

their proposals could be strengthened.

GENERAL CONSIDERATIONS

1. Relates to the purposes and goals of the applicant agency.

2. Strictly adheres to the content and format guidelines of the applicant

agency.

3. Is directed toward the appropriate audience-that is, those who will

review the proposal.

4. Obviously addresses the review criteria of the funding source.

5. Is interesting to read.

6. Uses a clear, concise, coherent writing style, free of jargon, superfluous

information, and undefined acronyms-that is, it is easy to read.

7. Is organized in a logical manner that is easy to follow.

387
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8. Calls attention to the most significant points in the proposal through the

use of underlining, differences in type, spacing, titles, and appropriate

summaries.

9. Is paginated from beginning to end, including appendix when directly

appended to the proposal.

10. Makesappropriate useof figures, graphs, charts, andothervisual materials.

11. Is meticulouslyproofread so that it has few (if any) grammatical errors,

misspellings, or typos.

THE PROPOSAL

12. Has title that is appropriate, descriptive, and (perhaps) imaginative.

13. Unless it is brief, has a table of contents that is straightforward and

accurate.

14. Has a clear, concise, informative abstract that can stand alone.

15. Has clearly stated goals and objectives that are not buried in a morass of

narrative.

16. Follows naturally from previous/currentprograms or research.

17. Documents the need to be met or problems to be solved by the proposed

project.

18. Indicates that the project's hypothesesrest on sufficientevidence and are

conceptually sound.

19. Clearly describes who will do the work (who), the methods that will be

employed (how), which facilities or location will beused (where), and a

timetable of events (when).

20. Justifies the significance and/or contribution of the project on current

scientific knowledge or a given population of people or a body of writ

ing/art.

21. Includes appropriate and sufficient citations to priorwork,ongoingstudies,

and related literature.

22. Establishes the competence and scholarship of the individual(s)

involved.

23. Does not assume that reviewers "know what you mean."

24. Makes no unsupported assumptions.

25. Discusses potential pitfalls and alternative approaches.

26. Presents a plan for evaluating data or the success of project.

27. Is of reasonable dimensions-not trying to answer all the questions

at once.

28. Proposes work that can be accomplished in the time allotted.
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29. Demonstrates that the individual(s) and the organization are qualified to

perform the proposed project; does not assume that the applicant agency

"knows all about you."

30. Includes vitae that demonstrate the credentials required (e.g., do not use

promotion and tenure vitae replete with institutional committee assign

ments for a research proposal).

31. Documents facilities necessary for the success of the project.

32. Includes necessary letters of support and other supporting documentation.

33. Includes a bibliography of cited references.

THE BUDGET

34. Has a budget that corresponds to the narrative: all major elements

detailed in the budget are described in the narrative and vice versa.

35. Has a budget sufficient to perform the tasks described in the narrative.

36. Has a budget that corresponds to the applicant agency's guidelines with

respect to content and detail.



ApPENDIX G

Common Shortcomings

of Grant Proposals1

Ｍ ｾ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ Ｍ ＭProposal
Section

Budget

Biographical sketch and
backgrounds of investigators

Research plan

Aims

Significance and
background

Pilot studies

Problem

Excessive funds requested; capital equipment request uniustified;
funds requested are insufficient to complete described proiect

Investigator inexperienced; insufficient number of investigators

Poorly organized; too long; too narrow; improperly focused;
poorly written; sloppy preparation; inadequate detail

Project ｳ ｣ ｩ ･ ｮ ｴ ｩ ｾ ｣ ｡ ｬ ｬ premature--requires more pilot work; validi
ty questioned; vague or unsound scientiflcally; too ambitious;
hypotheses poor

Problem of little significance or repeats previous work; assump
tions questionable; rationale poor; literature background poor
or inadequate

Pilot work ill-conceived; data inappropriately analyzed;experi
ments lack imagination

I From R. V. Smith, Graduate Research: A Guide for Students in the Sciences. New York:

Plenum, 1990, p. 243, Table 12-2. Copyright © 1990 by Robert V. Smith. Reprinted with

permission. Smith's tablewasconstructed in part from E.M.Allen,"Why are researchgrantapplica

tions disapproved"," Science, vol. 132, pp. 1532-1534, 1960. Copyright© 1960 by the American

Association for the Advancement of Science. Reprinted with permission.
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Table G.l (Continued)

Methods

Collaboration

Facilities

All sections

Methods unsuited to stated objective: unethical or hazardous
procedure proposed; controls poorly conceived or inadequately
described; some problems not realized or dealt with properly;
results will be confusing, difficult to interpret, or meaningless;
emphasis on data collection ratherthan interpretaton

Cooperative agreement inadequate, vague, or poorly con
ceived; no letters of support

Equipment lacking, tooold, or insufficienrly robust for project

Poor editing; poor reproduction
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