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Abstract-We investigated the relationship between lateralizcd cerebral damage and two memory 
tasks: free recall and frequency judgement. Free recall is considered to be processed effortfully while 
frcquencyjudgement is considered to be processed automatically (HASHLK and ZA(‘KS [9]). Nine right 
brain-damaged patlcnts (RBD). nine left brain-damaged patients (LBD) nnd nine control subjects 
participated m this study. It wils hypothesized that RBD would show an advantage over LBD on the 
free-recall task. whereas LBD would show an advantage over RBD on the frequency-judgemcnt task. 
In accordance with our hypothesis, free-recall W:IS more Impaired in LBD than in RBD. In the 
frequency-judgemcnt task. an effect of laterality of lesion was found in high (4 6) and low (0 I) 
frequencies. hut not in the medium (2 3) frequencies. The anticipated LBD advantage was shown in 
judgcment of the high frequenclcs. hut unexpectedly RBD pcrformcd better than LBD in low 
frequcncics. The results are discussed in terms of the rclntionship between effortful and automatic 
memory processes and cerebral lateraliration. 

INTRODUCTION 

THE DISTINC‘TION between automatic and effortful processes has long been recognized in 
psychology. The most basic differentiating characteristic is that automatic processes make 
minimal demands on attentional capacity, whereas effortful processes require attention and 
awareness [ 16,22,24,25]. HASHER and ZAC‘KS [9] introduced a further distinction between 
“learned” and “innate” automatic processes. “Innate” automatic processes, unlike “learned” 
ones, are unaffected by either subject variables (e.g. age, mood or ability) or task variables 
(c.g. instruction, practice or strategy). According to HASHKR and ZA(‘KS [9], three tasks fulfill 
the criteria of “innate” automatic processes: encoding of frequency of occurrence, temporal 
order and spatial location. Encoding of frequency of occurrence has been most widely 
studied over the last decade (for a review, see [IO]), and different models have been offered to 
explain its underlying mechanisms. HASHER and ZACKS [9] and other researchers [IZ, 291 
suggest that upon repeated presentations, an automatic mechanism registers the frequency of 
occurrence of an event. HOWELL [13] offered an alternative model in which frequency 
judgement is accomplished by an intentional, effortful strategy of mentally counting the 
repeated presentations of each item. 

NAVEH-BENJAMIN and JONIDES [15, 211, who tested and criticized many of Hasher and 
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Zacks’ criteria for “innate” automatic processes, noted that “frequency estimates were 
reasonably accurate. even under conditions yielding the poorest relative performance” 
(p. 239 [ 151). GREENF: [6], summarizing various findings in a recent review, indicates that 
there is strong evidence supporting Hasher and Zacks’ hypothesis that intentional learning 
would not yield better performance than incidental learning of frequency of occurrence [3,4, 
211. However, the assumption ofa lack ofindividual differences made by HASHER and ZACKS 

[9] has not been well supported [2, 51. 
HASH~R et rrl. [I I] summarized the findings in regard to frequency judgement as an 

“innate” automatic process as follows: “When these other dimensions or criteria of 
automaticity have been investigated in relation to encoding of event frequency, the typical 
finding has been one supporting the automaticity view: The process of encoding frequency 
information appears to be largely impervious to the vicissitudes of competing demands, old 
age and depressed mood; it is also largely impervious to benefits typically associated with 
practice, with explicit preknowledge of what will be tested, with superior intellectual ability, 
and with the greater sophistication about memory of older compared with younger children” 
(pp. 83 84). Thus, HASHER and ZACKS’ [9] claim that frequency of occurrence is encoded 
automatically is well supported. 

Autotturtic prowsws in tw,uoh~ic~tIIy ittlpairrd popul~ttiot~s 

(ct) ~~rryuc~nc,!,judy~mrnr. HASHER and ZACF;S 193 speculated that damage to the central 
nervous system might interfere with automatic encoding in memory, this being the sole 
exception to their criterion of lack of individual differences. They remark that “automatic 
ptocesscs should be functioning under all conditions of consciousness, except perhaps where 
brain damage has occurred” (p. 372). 

The ncuropsychological literature provides only limited information about the anatomi- 
cal basis of the automatic memory processes. GROBER [7] found that LBD patients with 
aphasia did not differ from control subjects in their ability to judge frequency of occurrence. 
Unmedicated Pnrkinson’s disc;tse patients studied by WI.INGARTVR cl (I/. [31] also 

performed its controls in the frequency-judgement task. By contrast, HUPPFX~ ;tnd PII.R(Y 

[ 141 found that Korsakoffpatients performed worse than controls on a task that combined 
frequency of occurrence and temporaljudgements. VAKII. [JO], TWEEIIY and VAKII, [2X] and 
LI VIN cr trl. 1171 found that closed-head injured patients pcrformcd worse than control 
subjects on ;t task requiring judgement of frequency of occurrence. SMITH and MII.NER 1271 
found that frequency judgemcnt is specifically impaired following right frontal-lobe lesions 

but not following left or right temporal lesions. 
(h) Orc~rlrwrtwtl trc~~irific~s. Early studies by Luria and his colleagues addressed the issue of 

automaticity :tnd lateralized brnin damage with regard to “learned” automatic processes. 
Lr RIA ct trl. [ 191 reported two patients with left paricto-occipital lesions whose :tutomatiyed 
writing (e.g. signature) remained intact. although their writing and copying abilities were 
impaired. A later report by SIMERNI~SKAYA [76] describes two patients with right hemisphere 
Icsions. In thcsc patients slow writing and copying were preserved. but they could not write 
automatically. In ;I later study by L~.RIA and SIMERNITSKAYA [IX], IS patients with left 
tcmpor~~-parictai Icsions and IS patients with comparable lesions of the right hemisphere 
wctc compared. Two memory tasks were cmploycd: (I ) free tccall following intentional 
Icitrning ;tnd (2) free recall following incidental learning. The left brain-damaged group 
(LHD) w;~s more impaired on the intentional learning task. while the right brain-damaged 
group (KBD) w;~s mow impaired OII the incidental Icarning task. On the basis of this study 



and other clinical observations, LURIA and SIMERNITSKAYA [I81 concluded that left 
hemisphere damage results in the breakdown of the more conscious, voluntarily controlled 
processes, while right brain damage results in the impairment of the incidental, automatic 
processes. 

The aim of the present study is to evaluate the effect of right and left hemispheric lesions 
upon two memory processes: (I ) free recall ofverbal material; and (2) frequencyjudgement of 
the same material. These two tasks are taken respectively as representatives of “effortful” and 
“automatic” memory processes. Following Luria and his colleagues’ observations with 
regard to “leurnrd” automatic processes, it is hypothesized that frequency judgement, 
thought to be an “innat~~” automatic process [9], would be more affected by right cerebral 
damage whereas free recall, being an effortful memory process in nature, would be more 
affected by left cerebral damage. 

METHOD 

Subjects were recruited for the study from among a population of patients admitted to the Locwcnhtein Hospital 
(Israel) for rchabilitntion after stroke. To be included, subjects had to meet the foilowlng criteria: 

( I ) Brain damapc was the result of a non-haemorrhagic incdrction. as cvidcnced by a computerized tomopraphic 
scan (CT). performed during the acute stage. 

(2) Follow-up CT, performed 6 weeks or later after onset. revenled a cortical suhcortlcnl hypodenae :lrc:i. 
compatible ~lth the occurrence of a single infarction limited to one hemisphere. 

(3) Neurologic representation compatible wth a unilateral hemispheric involvement. 
(4) Negative history of previous stroke or other neurologic disease. psychiatric disorder or alcoholism. 
(5) intellectual and linguistic functioning at a level enabling adequate responsiveness to the task requircmcnth. 
Eighteen patlcnts were ewmincd. nine right brain-damaged and nine left hraln-damaged patients. The RBD 

pntlcnts’ mean age was 59.X. and their educational level avcrnged IO.3 years. In the cast of the LBD patlcnls. the 
mean age was SO.7 and their educational level averaged 9.2 years. Cl~ntcal data for thcsc pltticnts arc provided in 
Tables I(a) and I(h). 

Table I(n). MaIn clinical data for right brain-damapcd group 

Patient Age Sex H Ed TAO HP HA Neglect Aphasia 

:: ; R” 12 6 tt - 

; 
12 12 tt : + 
14 22 +t t 
15 23 tt : t 
811 tt - - 

12 15 tt - 
12 21 tt ? ; 

No 
No 
No 
No 
No 
No 
No 
No 
No 

Rccon\tructions of the &Ions from follow-up CT LIC;~~IS are provided in Figs I (a) and I(h). To achlcw optim:d 
visualization of infarct boundaries. follow-up scans. performed at least 6 weeks after onwt, wcrc uwd (Elscint 2400 
CT sunncr: slice width = IO mm: interhlice distance = IO mm). For each patient, all the slices which dcmonstrntc the 
Infarct are shown. This provide\ a clear notion of the three-dimcnslonal extent of the Icsion, and enables 
identllication of the brain areas involved. Images from dil‘ferent suhJccts. approximately paralleling each other, arc 
displayed in vertical column\. 

In all but one patient. the infarcts arc conlincd to the tcrrltory of the mlddlc cerebral artcry. In the RBD pntlcnt 
M.A.. Involvement also extends to the territory of the anterior ccrcbral Ltrtery. The tempornl lohc is involved in :dl 



Patient Age Sex H Ed TAO HP HA Neglect Aphasia 

No 
Conduction, mild 
Amnestic, mild 
Conduction 
Motor 
Motor 
Motor mainly 
TrCor Mixed 
Motor mainly 

Ed = education (years); jj = Handedness; TAO = time after onset (weeks) 
Hp = hemiplegia (tt) or hemiparesis (t); M = hemianopsia (++) or 
quadrantanopsia (t); ? = probable visual-field defect (uncertain, 
because of aphasia or neglect); TrCor = transcortical. 
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1;ig. I(h). CT reconstructions from (a) right hcmisphcre-damaged patients, and (b) left hcmi- 
sphere-damaged patients. 

patients. and in most ol’thcm portions ofthe parlctal lobe are also involved. In all RBD patients, the IcGon involves 
the dorsolateral aspects ofthe frontal lobe. at last In its posterior rcpions. The frontal lobe is involved in all but IWO 
patients (O.Z. and A.M.) of the LBD group. 

The task requirements precluded participation of LBD patients with significant I;lnguaecdisturhanccs. This is the 
most probableexplanation orthe fact that lesion extent in the LBD group is generally smaller than that in the RBD 
group, as may be seen in the CT reconstructions. Nine healthy control subjects participutcd in thib study. Thclr 
mean age was 26.4. and their educational level averaged 14.6 years. 

Three bets of 24 high-frequency Hebrew words were used to construct three different versions of a h’+itcm 
presentation hst. In each list, the initial and final three items were fillers used IO counteract primacy and rccency 
arrifacts. The body ofeach llst consisted of IX target wjorda. Sixty-three words wcrc presented from one to six times 
each. using three words for each frequency. Flfteen additional word5 wcrc used In the teting stage. 

Each subject was seated in front of an IBM-compatible personal computer. Words, printed in upper USC 
characters I5 mm high, appeared one at a time in the ccntre of the \crcen for 3 XC. Judgment of /rqr~n~.r of 
occurrence was tested in two stages: incIdental and intentional learning conditions. 

Inc~idcnrtrl kurnimq. Subjects were asked to “pay close attention to what is presented on the screen hccausz later 
your memory will he tested”. Following the acquisition phase. subjects were asked to recall as many words as 
pocsible from the list presented. Then the 1X words which constituted the body of the list. with the addition of IS 
novel foils. were presented in the centre of the computer screen, one at a time. in random order. Subjects were ahkcd 



to estimate the numhcr of ttmes each word had been previously presented. from one to six times, or Lero if the word 
had not been presented at the acquisition stage. 

fnten/mnu/ Irurniny. The procedure was identical to the previous condition except that prior to presentation ofthc 
acqut\itton list, suhjccts were Informed explicitly which tests would follow. Frequency judgement and word recall 
wcrc tc\ted on different word lists. In half of the cases. frequency judgement was tested first, while in the other half 
word recall wa\ tested first. In testing frequencyjudgement, subjects were instructed: “Following presentation ofthe 
lrst you will hc asked to estimate the number of times each word has appeared, from one to six. or zero if it has not 
appeared previously”. When word recall was tested, subjects were instructed: “Following presentation ofthc hst you 
will hc asked to recall as many word\ as you remember”. 

The word lists assigned to both conditions were countcrhalanced. Obviously, the mcidental learning condition 
always had to precede the intentional learning condition. This variation in tnstructions is, ofcourse, confounded by 
whatcvcr practice and/or fatigue effects operate within the experiment. 

Both learning conditions ofthe frequency judgement are regarded as intentional learning conditions, vvith respect 
to the word-recall task. 

RESULTS 

Two different scores were used to evaluate performance on the frequency of occurrence 
task. 

Mean .scow. This is the most widely used scoring method for frequency judgement, and was 
used in the original paper by HASHER and ZAC’KS 191. In this method, each subject contributes 
one score, which is the mean judgement value for every presentation frequency. For example, 
if the three words that appeared four times were judged to appear three, four and five times, 
the mean score for this particular subject is four. Thus, the subject received a perfect score for 
inaccurate judgement. This scoring system indicates the extent to which mean judged 
frequency increases with actual presentation frequency. However, the major disadvantage of 
this method is that it is insensitive to the amount of variability in an individual’s judgement 
about the items in a particular frequency, as illustrated by the above example (for a more 
detailed discussion, see 1301). 

AhLsolcrtc dc~uiution sc’ore. This scoring method has been used previously and found to be 
more sensitive than mean scores in detection of group differences. In a study by VAKIL 1301, 
in which frequency judgement of three groups (closed-head injured patients, elderly and 
controls) was compared, by analysing the results using mean judged frequency, no group 
effect was detected. However, when absolute deviation scores were used, a group effect 
emerged, indicating that all groups differed significantly from each other. In this scoring 
procedure the sum of the unsigned differences between each item’s actual and judged 
frequency is computed. llsing the previous example, the absolute deviation score in this case 
would bc 14 31+ 14 4(+ 14 51= 2, while a perfect performance (judgement of four for each one 
of these words) would have yielded a Let-0 deviation score. Thus, this example demonstrates 
that the deviation score reflects inaccurate judgement better than the mean score. 

The next two sections will describe the results obtained using the two different scoring 
systems. 

M~~rrr .SC’OW c~r~tr/j~.sis. Figure 2 presents the mean judged frequency as a function of the 
actual frequency for the three groups. Since preliminary analysis indicated that performance 
under the two learning conditions (incidental vs intentional) did not differ significantly, the 
results of these conditions were combined. MANOVA procedure was used to analyse the 
effect of group (LBD, RBD and controls) by frequency (G6), the former being a between- 
subjects factor and the latter a within-subjects factor. The results indicate a main effect for 
group [F(2, 24)= 14.43, P<O.OOl] and for frequency [F(6, 144)= 128.43, P<O.OOl]. The 
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Fig. 2. Mean judged frequency scores. as a function of the actual frequency. for RBD. LBD and 
control groups. 

group by frequency interaction was also found to be significant [F (12, 144)= 5.06, 
P<O.OOl]. A follow-up analysis using the Duncan procedure indicated that the control 
group was more accurate than the two patient groups. When the two patient groups were 
compared, in spite of the seemingly small difference in accuracy, statistically, LBD performed 
significantly worse (mean = 0.55) than RBD (mean = 0.2 1) and control groups (mean = 0.16) 
when frequency=O. When frequency= 1, the groups did not significantly differ from each 
other, and from frequency 2 to 5, the LBD group was more accurate than the RBD group. 
The advantage of LBD over RBD when frequency=6 did not reach significance. 

Ah.so/ut~ deoitrfion mulysis. Figure 3 presents the absolute deviation scores as a function of 
the actual frequency (notice that because the score reflects deviation from the correct answer, 
the higher the score, the worse the performance). As in the mean score analysis, results of the 
two learning conditions (incidental vs intentional) were combined, since the difference in 
performance between the two conditions did not reach significance. MANOVA was used to 

analyse the effect of group (LBD, RBD and controls) by frequency (0 6), the former being a 
between-subjects factor and the latter a within-subjects factor. Both main effects and the 
interaction between them were found to be significant: group [F (2, 24)-3X.92, P<O.OOl]; 
frequency [F(6, 144)=73.1 I, P<O.OOl]: and group by frequency [r(l2, 144)=5.X2, 
P<O.OOl]. A follow-up analysis using the Duncan procedure revealed that the overall 
performance of the control group was better (lower absolute deviation score) than that of the 
patient groups. Comparison between LBD and RBD showed that for items with frequency of 
occurrence 0 (0.55 and 0.21, respectively) and I (1.04 and 0.67, rcspcctivcly), in spite of the 
seemingly small difference in accuracy, statistically, LBD performed significantly worse than 
RBD (higher absolute deviation score). For frequencies 2 and 3, the two patient groups did 
not differ significantly. For frequencies 4-6, RBD were less accurate than LBD (when 
frequency = 6, the difference did not reach significance). For simplification of these results, 
the range of frequencies from 0 to 6 was divided into three catcgorics: low frequencies (0 1 ), 
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middle frequencies (223) and high frequencies (4-~6). MANOVA was used to test the effect of 
group (LBD, RBD and controls) by frequency (low, middle and high), the former being a 
between-subjects factor and the latter a within-subjects factor. Both main effects and the 
interaction between them were found to be significant: group [F(2, 24)=38.92, P<O.OOl]; 
frequency [F(2,48)=229.75, P<O.OOl]; and group by frequency [F (4,48)= 13.54, 
P<O.OOl]. The Duncan procedure was used for follow-up analysis. Results clearly indicate 
better RBD performance at the low frequencies as opposed to better LBD performance at the 
high frequencies. The two groups did not differ significantly at the middle frequencies. 

In a preliminary analysis, all patients, regardless of lesion side, were divided into two 
groups according to lesion size. Group main effect was not significant when frequency 
judgement was measured. Thus, the differences between LBD and RBD performance cannot 
be attributed to the generally larger lesions in the RBD group. 

In both learning conditions of thef&~urnc~-judgement task, word recall was learned 
under intentional learning conditions; the results were thereforecombined. This decision was 
also supported by a preliminary statistical analysis, finding that the recall under both 
conditions did not differ significantly. 

Figure 4 presents the number of words recalled by each group as a function of the actual 
frequency. MANOVA was used to analyse the effect of group (LBD, RBD and controls) by 
frequency (1 6) the former being a between-subjects factor and the latter a within-subjects 
factor. Both main effects were found to be significant: group [F (2, 24)= 19.39, P<O.OOl]; 
and frequency [F(5, 120)= 11.69, P<O.OOl]. As can be seen in Fig. 4, the three groups 
recalled more words at the high frequencies than at the low frequencies. The interaction 
between the two did not reach significance. The group main effect was followed by a Duncan 
procedure which revealed that the three groups are significantly different from each other. 
The control group recalled the highest and LBD the lowest number of words. 



FREE RECALL AND FREQUENCY JUVGEMEKT 989 

1 2 3 4 5 6 

NUMBER CF REPETITIONS 

Fig. 4. Number of words recalled by each group, as a function of the actual frequency. 

DISCUSSION 

The primary objective of the present study was to investigate the relationship between 
lateralized cerebral damage and impairment of effortful vs automatic memory processes. 
Following LURIA’S work with colleagues [ 18, 19, 261 on “learned” automatic processes and 
lateralized brain damage, it was hypothesized that LBD patients would be more impaired 
than RBD patients in effortful memory processing, while RBD patients would be more 
impaired than LBD patients in automatic memory processing. Free recall was used as a 
measure of an effortful memory process, while frequency judgement, based on HASHER, 

ZACKS and their colleagues [9, I I], was used as a measure of an automatic memory process. 
The findings of the present study, regarding the effortful memory task of word recall, arc in 

accord with previous findings that LBD patients are more impaired than RBD patients in 
recall of verbal material [ZO]. 

Two different scoring methods were used in the analysis of frequency-judgement 
performance: mean judged frequency and absolute deviation. We used mean judged 
frequency since it is the most commonly used score 19, 10,321. Absolute deviation score was 
used because, as previously noted, it is a more sensitive measure of frequency judgement; 
thus, the discussion will focus mainly on the results yielded by this scoring method. 

Some similarities and some differences emerged in the comparison of results obtained by 
the two scoring methods. Using either method, intentionality did not have an effect. Thus, for 
the purpose of subsequent analyses, we combined the frequency judgement of both 
intentional and incidental learning. This finding further supports HASHER and ZACKS [9] 

conclusion that frequency of occurrence is encoded automatically. Both methods also show a 
superior performance of the control group over the two patient groups. This reconfirms 
findings of previous studies showing an impairment in frequency judgement following 
cerebral injury [17, 28, 301. 
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The most important contribution of this study derives from the comparison between LBD 
and RBD patient groups in judgement of frequency of occurrence. In this comparison, the 
two scoring methods are quite different. As may be seen in Fig. 2, results obtained using 
mean judged frequency scores indicate that RBD patients performed better than LBD 
patients only when frequency = 0; at all the other frequencies (l-6) LBD patients performed 
better than RBD patients; and the advantage did not reach significance at frequencies 1 and 
6. These findings (except when frequency=O) support our original hypothesis, that RBD 
patients will be more impaired in the performance of the frequency judgement. 

The results obtained using absolute deviation scores are more complicated. As can be seen 
in Fig. 3 there is no overall advantage of one patient group over the other. At the low 
frequencies (0 1) RBD patients performed significantly better than LBD patients, at the high 
frequencies (4- 6) the situation was reversed, and at the middle range (223) the groups did not 
differ significantly from each other. This pattern of results was unexpected, since frequency 
judgement is usually regarded as a single and uniform task, irrespective of the actual 
frequency. However, upon reconsideration, we found the pattern very revealing. It would 
appear that with judgement of low frequencies, one is confronted essentially with a 
recognition rather than a frequency-judgement task, despite the fact that in all studies of 
frequency, &1 were regarded as measures of frequency. Thus, assuming low frequency 
judgement is a verbal-recognition task, LBD patients in particular are expected to be 
impaired, as in the case ofa word-recall task [20]. By contrast, judgement of high frequencies 
apparently requires a totally different cognitive process than mere recognition of whether a 
stimulus was previously presented or not. This process is found to be particularly impaired in 
the RBD patient group. The middle frequency range is a transition segment on which neither 
group showed an advantage. 

The breakdown of RBD and LBD scores on different segments ofthe frequency-judgement 
task indicates to us that this task is actually composed of different segments which arc 
processed differently. This finding is not predicted by HASHER and Z~~~s’model [9, lo] who 
have regarded frequency judgement as a “single” task which is automatically processed. We 
would like to offer a tentative interpretation to explain our results. Since low and high 
frequencies are processed differently and we have good reasons to claim that low frequencies 
are processed effortfully, then only high frequencies are processed automatically. This 
contradicts Hasher and Zacks’ assertion that the whole range of frequencies are processed 
automatically. 

This interpretation of the findings might help to resolve some of the theoretical debates 
regarding frequency judgement’s underlying process. Some of the disagreements focus on 
whether frequency judgement is effortful [ 133 or automatic [9, 12,291; others deal with the 
question of whether frequency judgement and recognition utilize the same mechanisms [ 1, 81 
or totally different ones [23]. Possibly, these different claims arose from the supposition that 
frequency judgement is a single uniform process, and/or from research designs which 
inadvertently gave greater weight to one of at least two kinds of processing (high frequency 
and low frequency) which comprise frequency judgement. 

Although frequency judgement has been investigated for over a decade, it is quite 
remarkable that our findings are the first to differentiate between the processes inherent in 
the judgements of low and high frequencies. We believe that the present finding was made 
possible by that fact that our research paradigm used two subject populations, cognitively 
impaired in different ways. whereas past studies examined a single population type, either 
normal or uniformly impaired. The fact that this type of paradigm can yield such fine 
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differentiations strengthens the contention that research in cognitive neuroscience can make 
significant contributions to the understanding of normal cognitive processes. 

With regard to the original hypothesis advanced in this paper, the specific prediction of an 
overall advantage for RBD patients on the recall task was confirmed. The second hypothesis, 
expecting an overall advantage for LBD patients on the frequency task, was partially 
fulfilled. However, if one accepts our interpretation of low frequency judgement as an 
effortful task and high frequency judgement as an automatic task, then the results fit the 
hypothesis reasonably well. LBD patients were more impaired on the effortful tasks, recall 
and recognition (i.e. low frequencies). RBD patients, however, were more impaired on 
automatic frequency judgement (i.e. high frequencies). These results illustrate how the two 
cerebral hemispheres are involved in the processing of what is regarded as a “single” task. 

In conclusion, the fact that RBD patients performed worse than LBD patients on 
judgement of high frequencies, despite being a verbal-memory task, indicates two things: 
first, that judgement of high frequencies is performed differently from regular verbal-memory 
processes; second, low and high frequency judgement require different cognitive processes, 
and can no longer be regarded as parts of a single task. On the basis ofour findings, we would 
like to propose that judgement of low frequencies should not be considered a frequency- 
judgement task, but rather a recognition task using effortful processing. On the other hand, 
high frequencies are processed automatically. This interpretation requires further investiga- 
tion. In particular,‘separate analyses of normal subjects’ judgements of low and high 
frequencies must be carried out. 

Further research is also required to establish the relationship between lateralized 
hemispheric activity and the distinction between effortful and automatic processes in 
memory. RBD and LBD patients should be compared on performance of other automatic 
tasks. both those “learned” and those claimed by Hasher and Zacks to be “innate” (e.g. 
temporal order and spatial location). 

Finally, this study illustrates the importance of careful selection of patients with CT 
proven, circumscribed cerebral injury, along with careful analysis of the different possible 
processes underlying each task, to the understanding of brain behaviour relationships. 
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