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INTRODUCTION 

The prefrontal cortex is probably the most frequently investigated 
cortical area in neuropsychology. This can be seen in the numerous 
surveys on its anatomy and roles in behavior, one of the most recent ones 
being from Stuss and Benson (1984). But in spite of this fact a good deal of 
uncertainty still exists as to what the principal functions are for this area 
of the brain, an uncertainty which is probably due to the variety of 
possible causes of frontal damage (tumor, trauma, vascular damage, 
lobectomy) (Poeck, 1982), to the involvement of the frontal lobes in a 
number of quite different functions, as well as to the possibility of di­
viding the frontal lobes into several subregions on the basis of cytoarchi­
tecture, hodology, and behavior (Markowitsch, 1986). After reviewing the 
literature on the frontal lobe, Stuss and Benson (1984) extracted six 
specific prefrontal functions, but they were unsure whether these func­
tions were "facets of one main deficit or based on functions of specific 
location" (p. 23). 

The present investigation was directed to the question of whether or 
not mnemonic functions are altered following frontal lobe injury. The role 
of the frontal lobes in memory processes has been a matter of dispute for a 
long time (Feuchtwanger, 1923; Jacobsen, 1935) and has led to the 
development of a number of specific test situations both for animals and 
humans (surveys in Damasio, 1979; Fuster, 1980; Luria, 1976, 1980; 
Markowitsch and Pritzel, 1977; Rosenkilde, 1983; Rozin, 1976; Warren 
and Akert, 1964). Admittedly, human case reports are rare in which 
frontal lobe damage resulted in Korsakoff-like amnesic syndromes (e.g., 
Pfeifer, 1910), although even Hecaen and Albert (1978) mention such 
cases. The majority of them are probably caused by brain damage beyond 
that of the frontal lobes. Nevertheless, a number of cases which mani-
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fested memory-related defects have been described (e.g., Lewinsohn et al., 
1972; Ruff and Volpe, 1981), many of which might, however, be inter­
preted as secondary to nonmnemonic deficits (Luria, 1980; Milner, 1982; 
Stuss and Benson, 1984; Stuss et al., 1982, Walsh, 1978). (In 1923 
Feuchtwanger already made the important distinction between primary 
and secondary disturbances following frontal lobe damage.) Some excep­
tions, however, can be listed: Arnold (1984) made a strong argument for 
an involvement of the (dorsolateral) prefrontal cortex in motor memory 
and of the (posterior) orbitofrontal cortex in so-called affective memory. 
Risse and co-workers (1984) observed severe impairments in the acqui­
sition and long-term retention of a verbal list-learning task in patients 
with inferior frontal lobe damage and Wallesch et al. (1983) found deficits 
in pair associate learning, digit span, sequential concept formation and in 
the Benton test in patients with deeper frontomediallesions. In a recent 
article on amnesia, Moscovitch (1982) also emphasized the memory­
related role of the frontal lobe and provided a list of memory disorders 
which are common to both Korsakoff amnesics and frontal lobe damaged 
patients (increased susceptibility to interference, poor memory for tem­
poral order, poor short term memory, difficulty in using imagery mne­
monics, poor release from proactive interference; his Table 16.1). 

The intimate relations between the mediodorsal nucleus of the thal­
amus and the prefrontal cortex (Markowitsch, 1982, 1986) may provide a 
further line of argumentation for a memory-related role of the frontal 
lobes, as has been indicated in numerous case reports in which damage to 
the mediodorsal nucleus resulted in a profound and lasting anterograde 
amnesic state (Cramon and Eilert, 1979; Mair et al., 1979; Markowitsch, 
1982; Schott et al., 1980; Squire and Moore, 1979; Squire and Slater, 
1978; Victor et al., 1971; Winocur et al., 1984). 

In order to clarify somewhat more the possible role of the frontal lobe 
in the long term processing of information, we used three forms of a verbal 
retention test, free recall, cued recall, and recognition of words which had 
been learned 15 min. or 1 day before. The patients tested had left, right, or 
bilateral damage to the frontal lobes. 

MATERIALS AND METHOD 

Subjects 

Twenty-eight brain damaged patients participated in the study. All of them 
were hospitalized during the time of investigation. Half of the patients had lesions 
within the frontal lobes (group F); the other half had brain lesions outside this 
area (group NF), consisting of patients with temporal, parietal, and occipital 
brain damage. This group was used to control for the factor 'localization of 
damage', that is, it was introduced to control for the variables brain lesions and 
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hospitalization. In gro~p F only patients were included who lacked aphasic 
symptoms or motor disturbances. In group NF aphasic disturbances could not be 
totally excluded, especially as patients with left temporal brain damage were 
included. The etiology of the sample was rather homogeneous: 93% of the cases 
had traumatic brain lesions, 85% of which had a contusio cerebri and 15% open 
brain damage. In two patients of group F brain damage was of cerebro-vascular 
nature. Neurological diagnoses were based on computer tomographic scans in all 
cases. Table I gives a survey of several patient variables. 

During the first meeting all patients in the ward were told that we planned an 
investigation on memory disturbances resulting from brain damage. (When 
asked about their mnemonic abilities all admitted having problems with memo­
ry.) As these disturbances were the most obvious handicaps of the majority of the 
patients, most of those who were asked to participate agreed to do so. All 
participants behaved cooperatively and were well motivated. 

Tests and Procedure 

Three lists of words with 16 nouns each were used. The words of each of the 
three lists originated from four different categories, each category being repre­
sented by four words. Within each list the sequence of words was random. As 
different categories were used for each list, the total stimulus material consisted 
of 12 different semantic categories. Categories were clothing, jobs, body parts, 
and weather for list I, animals, cities, buildings, and transportation vehicles for 
list II, countries, food products, musical instruments, and sport activities for list 
III. All three lists of words had the same degree of difficulty; they were adapted 
for the German language and culture from Battig and Montague (1969). 

Experimental design 

In order to operationalize 'remembrance' and 'retrieval' (I) free recall, (2) 
cued recall, and (3) recognition procedures were employed: In the 'free recall' test 
patients had to write the words they remembered, in the 'cued recall' test those 
semantic categories, which the words belonged to, were provided, and in the 
'recognition' test the patients received a list of words, containing the 16 stimulus 
words together with an additional 16 distracting words (randomly distributed). 
The distracting words came from the same kinds of words as the original list. 
Tests were performed 15 min. and 24 h after the original learning. 

Each patient participated in the four testing sessions during four consecutive 
days. During each of the first three days one of the three lists of words had to be 
learned. In the learning phase a 16-word list was presented two times for one min 
each. Both learning phases were followed by a short check of remembrance. The 
first test started 15 min. after the end of the second learning phase. Table II gives a 
survey of the time sequence. 

A semantic encoding instruction was given, that is, the patient was told that 
the words could be categorized. The sequence of presentation of the words was 
varied randomly to minimize possible side effects such as proactive interference, 
practice, and sequence effects. 
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TABLE II 

Sequence and Kind of Word List Testing 

Word list Time of testing 
15 min. 1 day 

List I 
List II 
List III 

free recall 
cued recall 
recognition 

TABLE III 

Time Sequence of the Tests Presented 

Days Experimental tests 
1 Learning of List I in 2 sessions; free recall after 15 min. 

cued recall 
recognition 
free recall 

233 

2 Cl;led recall test of List I; learning of List II; cued recall test of List II after 15 
IDill. 

3 Recognition test of List II (after 1 day); learning of List III; recognition test of List 
III after 15 min. 

4 Free recall test of List III; discussion of the procedure and results with the 
subjects 

RESULTS 

Learning performance 

The two 16-word lists (which were presented twice in succession to the 
subjects and which were each followed by a free recall test after one 
minute) revealed a rather similar performance between the two groups of 
patients (2-factor analysis of variance; F = 0.42; d.f. = 1,26; P > 0.05) 
(Figure 1). The increase from the first to the second session was similar as 
well for both groups (F = 1.95; d.f. = 1, 26; P > 0.05), the increase 
between the first and second session being highly significant (F = 158.25; 
d.f. = 1, 26; P < 0.01). 

Retention performance 

The average values of correctly reproduced and recognized words are 
presented in Figure 2. Recognition performance was calculated according 
to the formula of Warrington and Weiskrantz (1974) (no. = number): 

(no. of all words produced) X (no. of correctly identified words - no. of false positives) 
(no. of all words produced) - (no. of false positives) 
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A three factor analysis of·. variance revealed no main difference 
between the two groups (F=2.86; d.f.= 1; p> 0.05), but a significant 
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group, time of testing, and method of testing (F=6.12; d.f.=2, 52; 
p<O.OI). Application of the Scheffe test revealed a number of significant 
(p<O.OI) differences: A drastic drop in performance of freely recalled 
words was observed in the frontal group when testing took place after 15 
min. and 1 day (difference: 6.21 words); furthermore, group F reproduced 
significantly fewer words (difference: 5.21 words) after one day than 
group NF did. And lastly, the frontal group produced significantly fewer 
words (difference: 6.36 words) under the free-recall than under the cued 
recall condition after one day. 

The most significant difference, however, was that observed in group 
F between free recall and recognition after one day (difference 9.85 
words). In the comparison of these two tests group NF as well reproduced 
fewer words during free recall (difference: 2.74). 

Spearman rank correlations did not reveal significant relations 
between IQ and performance. In general no differences were observed 
between left, right, or bifrontal damage (Table IV), though the right 
frontal damaged subjects tended to be somewhat inferior to the other 
groups during cued recall and the patients with bifrontal damage some­
what inferior to patients with unilateral damage during the free recall 
condition after one day. 

Reproduction of categories 

As the strongest difference between the two groups of patients occur­
red under the free recall condition with testing after 24 hours, the question 
was addressed as to whether this deficit of group F was paralleled by a 
'smaller number of reproduced categories. 

Tulving and Pearlstone (1966) defined category reproduction as the 
! number of categories from which at least one word is reproduced (p. 386). 
Indeed, between the two groups no significant differences were found 
under the 15 min. free recall condition (3.62 vs. 2.86 categories for groups 
F and NF, resp.), while under the one-day free recall condition, group NF 

TABLE IV 

Medians of Correctly Reproduced/Reidentified Words for Patients with Right (R), Left 
(L), or Bifrontal (B) Damage under the Different Testing Conditions 

Frontal 
group 

R 
L 
B 

Recognition 
15 min. 1 day 

14 12.8 
16 14 
14.3 13.4 

Cued recall Free recall 

15 min. 1 day 15 min. 1 day 

7 7 7 4 
12.5 10.5 10 3.5 
11 11 7.5 0 
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produced significantly more categories than group F (3.21 vs. 1.64 cate­
gories; t= 4.03, d.f.= l3, p<0.05) 

Categoriai clustering 

Because persons usually have the tendency to cluster words according 
to categories under conditions of free recall (Bousfield and Bousfield, 
1966), a phenomenon which is interpreted as indicating a semantic 
organization or as a "deeper" encoding (Craik: and Lockhart, 1972), we 
analyzed the tendency for categorial clustering according to Rubin and 
Butters' (1981) formula 

4 

~ sca 
i=l cc= --­

n-k 

with cc = categorial clustering, SCRi being the number of reproduced 
words of category i which are followed by at least one word of the same 
category, n the total number of correctly reproduced words, and k the 
number of correctly reproduced categories. (Optimal clustering results in 
a value of 1, no clustering in a 0). Table V presents the mean values of 
categorial clustering for both groups of patients in the two acquisition 
tests and in the free recall tests performed 15 min. and 1 day after the 
second acquisition test. A two-factor analysis of variance resulted in 
insignificant effects throughout (group: F= 1.17; d.f.= 1, 26; p>0.05; 
time of testing: F= 1.03; d.f.=3, 78; p>0.05; group X time of testing: 
F=2.52; d.f.=3, 78; p>0.05), that is, the two groups did not differ in 
their use of categorial clustering. 

That each of the two groups did apply clustering was revealed by the 
values obtained with the formula of Bousfield (1966) 

~mt 
--- I 

~Ill; 
E (cc) = n-k 

In this formula E(cc) is the expected value for categorial clustering, mi 
the number of reproduced words from category i, n the total number of 
correctly reproduced words, and k the number of the correctly reproduced 
categories. The means obtained by using this formula are given in Table V 
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Group F 
Group NF 

Memory and frontal lobes 237 

TABLE V 

Categorial Clustering During Acquisition and Free Recall 

First 
acquisition 

test 
0.37 (0.37) 
0.75 (0.37) 

Second 
acquisition 

test 
0.76 (0.35) 
0.78 (0.28) 

Free recall tests 

15 min. 1 day 

0.79 (0.29) 0.72 (0.53) 
0.79 (0.30) 0.83 (0.36) 

The obtained mean values are given without parentheses; the expected values [Eec], calculated 
according to a modified formula of Bousfield and Bousfield (1966), are given in parentheses. 

(values in parentheses). A comparison of the observed and expected 
means in Table V (t-tests) revealed that both of the groups demonstrated 
significant clustering. One can therefore assume that the randomly pre­
sented words were subjected to semantic analysis (semantic encoding). 

Intrusion errors 

A susceptibility to being distracted is among the most prominent 
symptoms of frontal lobe damaged patients (e.g., Luria, 1969; Milner, 
1974). To determine the proportion of interference phenomena within the 
impaired reproduction performance of frontal lobe damaged patients 
during free recall after one day, the protocols were screened for errors of 
intrusion. (Intrusions are defined as such words which were learned in 
prior word lists, but are reproduced in later lists and which are thus 
errors.) When considering the number of intrusion errors, no differences 
were observed between the two groups (t-test; t=0.2, d.f.= 13, p>0.05). 
However, when the number of intrusion errors was compared to the 
correctly reproduced words of each group, group F obtained a value of 
0.81 intrusions, while group NF had a value of only 0.27. 

DISCUSSION 

A defective long term memory in frontal lobe damaged patients? 

The main results of our investigation are the similar performance of 
both groups of patients under the recognition and cued recall conditions, 
and the drastically inferior performance of the frontal group under the 
free recall condition after one day. Surprisingly, no specific relations 
between side of frontal damage or between unilateral versus bilateral 
frontal damage could be established. 
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The fact that patients of group F performed at a level comparable to 
that of group NF under the cued recall and recognition conditions argues 
against an interpretation of the free recall deficit being due to reduced 
encoding or to an inferior level of processing. That semantic categoriza­
tion was used similarly in both groups of patients is a further argument 
against an inferior encoding of information in group F. Consequently, we 
suggest the existence of a kind of retrieval deficit for group F. However, 
this suggestion has to be qualified further, as the behavior of group F 
during cued recall was indistinguishable from that of group NF. The 
crucial difference between free recall and cued recall seems to lie in the 
fact that the subjects have to generate their own categories internally in 
the free recall condition, while they are free of this work in cued recalL 
Though the number of reproduced categories is related to the number of 
words reproduced on the whole, the fact that the frontal damaged patients 
(compared to the others) reproduced words from significantly fewer 
categories during free recall after one day, gives further support for the 
interpretation that the impaired ability to generate adequate retrieval cues 
following a delay of one day (but not following a delay of 15 min.) is a long 
term memory related defect in the frontal lobe damaged group. 

A related observation was recently made by Petrides and Milner 
(1982). These authors found that patients with damage to the frontal lobe 
were impaired in their ability to "self -order" tasks, that is to organize and 
carry out a sequence of responses. This impairment was consistently 
found for all four tasks administered (2 verbal, 2 nonverbal tests) in 
subjects with damage to the left frontal lobe, but for the two nonverbal 
tests only in patients with right frontal damage. 

Alternative explanation of the deficit 

Though it is tempting to consider the observed deficit of the frontal 
group during free recall after one day as a retrieval deficit (caused by a 
reduced ability to generate appropriate categorial cues), other interpre­
tations of the impaired performance can be offered as well, which are 
more conservative and less memory-related: The primary deficits of sub­
jects with damage to the frontal convexity which are most widely accepted 
concern spontaneity and active attention (Choroschko, 1923; Damasio, 
1979; Faust, 1955, 1960; Feuchtwanger, 1923; Forster, 1919; Homskaya, 
1973; Kleist, 1934; Ruffin, 1939). Denny-Brown (1951), in reviewing 
Feuchtwanger's (1923) data, wrote about frontal lobe damaged patients: 
"Inability to concentrate, lack of motivation and initiative were primary 
disorders. Lack of spontaneity, with variable changes in motivation were 
closely related" (p. 65). Faust (1955) defined this symptom of frontal lobe 
pathology as a lack of drive in the presence of external "arousability" 
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("Antriebsschwache bei vorhandener Fremderregbarkeit"), or, in 1960, as 
a lack of self-determined initiative ("Mangel an Eigeninitiative"). Frontal 
lobe damaged patients fail to define their goals appropriately ('to program 
themselves'), or -when they do succeed - they fail to carry out behavior 
as planned (Damasio, 1979; Pribram, 1975). 

Seen in the light of the statements made above we can interpret the 
observed deficit in our frontal lobe damaged patients under the condition 
of free recall after one day as a reduced ability to generate appropriate 
cues (e.g., to categorize semantically), caused by a lack of initiative and 
concentration and/or by a limited use of possibly available cues (cf. 
Cicerone et al., 1983). Although this interpretation appears plausible, it 
probably does not explain all of the deficits as the frontal lobe damaged 
patients would then most probably have shown a significant deficit 
already under the free recall condition after 15 min. As this was not the 
case (cf. Figure 2), and as the motivational level of the patients appeared 
to be high in general, we favor an interpretation of the deficit during free 
recall after one day as related to both attentive and long term memory 
disturbances. Within this view we would attribute the problems in atten­
tion and drive to the prefrontal cortex, and the mnemonic components to 
the mediodorsal nucleus, which most likely was at least partly degenerated 
in each of our cases with frontal lobe pathology. It should be remarked, 
however, that because trauma was the most frequent etiology in our 
subjects, this might have led in several of the patients to a more extensive 
neuropathology than is suggested by the outcome of the CT scans, with 
perhaps some involvement of the cerebral white matter and/ or ischemic 
necrosis. 

ABSTRACT 

The retention performance for learned words was compared in two groups of 
cortically damaged patients: A group of 14 patients with uni- or bilateral damage 
to the frontal lobes (group F), and a group of 14 patients with postrolandic 
damage. The patients learned three lists of words each of which had to be 
reproduced after 15 min. and after I day: one list under. free recall, one under 
cued recall, and one under a recognition condition. While the performance of the 
two groups of patients was similar under all three conditions when tested after 15 
min., group F was significantly inferior in the one day free recall retention test. 
We interpret this deficit as related in part to the classic "frontal" symptomatology 
(reduced attention and lack of initiative, drive, and concentration), and in part to 
a distinct disturbance of long term memory. We base this conclusion on the 
similar performance levels of frontal and non-frontal patients under all other 
conditions of testing, in particular under the free recall condition after the 15 min. 
delay. Reasons are given why attentive and drive related components might be 
mediated by prefrontal cortical neurons themselves, while mnemonic compon­
ents might be mediated by mediodorsal thalamic neurons projecting to the 
prefrontal cortex. No or only minor differences could be established between the 
side of damage or between uni- versus bilateral frontal damage. 
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