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ABSTRICT 
This paper reports two experiments investigating the 

effect of schooling and urbanization on short term recall and 
recognition memory. Subjects were 384 male children and young adults 
living in Morocco representing urban and rural and schooled and 
nonschooled backgrounds, additional subject groups--including Koranic 
school students, Moroccan rug sellers and University of Michigan 
students were also tested to study possible culture-specific 
influences on memory. In the first experiment, subjects vere required 
to recall the position of a familiar animal in a series of seven 
briefly presented items. Results indicated that recancy recall, or 
echoic store, vas present in all populations studied regardless of 
age, whereas primacy recall, considered to be a function, of verbally 
mediated rehearsal strategies-or control processes,.' developed vith 
ags only for schooled subjects and to a lesser extent for urban 
nonschooled subjects. In the second experiment, the same subjects 
vere shovn 30 pictures of rug patterns (15 original', patterns and 1.5 
duplicates) and asked to identify duplicates. Duplicates appeared in 
lags of 1, .5, 1Q, and 25 intervening items. Schooled subjects 
performed better than nonschooled, and rural subjects (schooled -and 
nonschooled) scored better than urban subjects. Results support- 
previous research indicating little age-related change in forgetting 
rates and, vith minor exceptions, no variation in forgetting rata 
vith respect to schooling and environment. Results are discussed in 
relation to other cross-cultural-and memory research, vine pages of 
tables and, illustrations are included. (SB) 



IRE EFFECTS OF SCHOOLING AND ENVIRONMENT OH ME WRY DEVELOPTffiNT 

Daniel A. Wagner* 

university of Pennsylvania 

For more than a century, the topic of "universals" in human behavior has' 

been a controversial one for psychologists, as well as for other social 

scientists. During this period of controversy, empirical and anecdotal evi­ 

dence from differing cultural groups has been used both to support and deny 

the notion of universals in psychological thought. In its most extreme fdrm, 

anthropologists such as Lucien Levy-Bruhl (1966) have suggested that-there was' 

such a thing as "primitive mind," while others/ such as Alfred Kroeber (1948) 

'countered that there exists, in facC, a "psychic unity" of all mankind 

where no fundamental differences axis**' Some investigators, suah as Michael 

Cole (Cols'& Scr£nnet^ll°74X and his associates,'Tiave suggested that cultural 

differences in behavior maybe more ̂ apparent than real. That is, the 

earlier contrasting views night be reconciled by claiming that cognitive differences

may exist in content only (i.e/ what different peoples think about), rathe? 

than In cognitive process (i.e. how people think about what they think about. ), 

This sort of explanation is likely to gain substantial support from a variety* 

of social-science'disciplines.

In fact, there is an increasing tendency to believe ̂ n universals in 

in cognition. The developmental psychologist haf only to open any recent' 

ist on child development to find the topic of ufiiversals writ large. There) 

*Paper presented at the symposium entitled: "Schooling and Cognitive 
Development; Recent Cross-Cultural Studies," for the Biennial Meetings of 
the Society for Research in Child Development, New Orleans, March 1977. 



is, indeed, a considerable body-of evidence that suggests irinate universal' 

•psychological processes. A few recent examples'would include studies in

linguistics and language development by Chomsky (1972), itenheberg (1969), 

Slobln (1973), and others, as well aa, in the 'area of perception and perceptual 

.development by. Roach (197-3;), T.G.R. 'Bower (1974) and many others.. Both age-

^developmental and cross-cultural research has been used effectively by the 

above Investigators.to support the notiyn of cognitive universals. 

Given the, kind of evidence just mentioned, is it now reasonable to agree 

with such deve'lopamtalists as Kagan and Klein (1973) who, in their well-publi-

cised Guatemala study, stated -that "basic tognitlv"e processes.;.such aa percepr 

*tual analysis, language and memorf... [are].. .an inherent .competence in the 

human program"'(p.949)7 While- t^e evidence on universals in perception and 

language has been fairly well documentedJ research on memory development has 

pot, in spite of the'fact that this area has been the subject of increasing 

interest in recent years. The present paper will address Itself to the ques-

tion of .universals in human memory, and the potential effects of global cultural 

factors such as formal schooling and urbanization on memory development. 
 

Before getting into the present data, however, it is useful to briefly  

outline the theoretical context in terms of theories of memory and memory 

development.*'One of the important conteptuallzations of .memory in recent 

.years is that proposed by Atklnson and Shiffrin (1968). In this thedry— 

which now Includes a number of variants—memory is said t6.be composed of 

structural features and control processes.- In such an information-procettsing 

model of memory, structural features Include: sensory (or echoic) store; 

short-term store; and long-term store. Each of these stores has a relatively 



fixed capacity and foxed decay rates. Control processes are what guide. 

intonation through the system or structure, and are often (though not 

always) considered to be under the potential conscious control of the indi­ 

vidual. These processes have, also been termed strategic* for remembering, or 

simply, mnemonicsi 

Research by developmentalista such as Brown (1975), Flavell (1970), Hagen 

(1971) and many others have provided a considerable body of evidence in support 

of 4uch a modeL £ or studying memory in children. . Structural features have been 

shown to be. present very early in development, as evidenced by recognition 

memory studies with young children, where decay or forgetting rates have been 

found to be unchanging across age (e.g. Wickelgren, 1975). 'in short-term 

recall tasks, echoic store or recency effects are present in very young chll-  

dren, 'and are also relatively invariant over age (e.g. Hagen, 1971; Wagner, 1974). 

Control processes, on the other hand, have been shown to increase with chrono­ 

logical age in children. Memory strategies such as rehearsal, clustering, cate­ 

gorization and semantic encoding have been.shown in'- a wide variety of studies to 

increase developmentally (for a review, see Brown, 1975).  

Given this developmental model .with memory structure developing very early, 

while control processes develop more slowly through young and middle childhood,' 

the standard environmentalist question may be asked: To wfyat degree do environ­ 

mental factors affect our model? To what extent are structure and control pro-

cesses susceptible to environmental'influence? Considering the research, cited  

above, it might be reasonable to hypothesize that control processes would be 

considerably more sensitive to environmental events than structural features, 

which appear to be relatively stable^from early childhood.  



The Morocco Study 

To gather/evidence on these questions, I went to Morocco, where wide 

enviromental variability within ,a single culture provided an ideal.setting 

for studying Such global factors as schooling and urbanization. 

In the study, 384 childrenand young adults (all males) were selected in -

ordert to dontrast the separate and "combined effects of schooling and urbaniza-

tiori on memory development (see Tab\e 1)1 Additional groups of, subjects— 

.including'Koranic school students, Moroccan rug sellers, and University of 

_Michigan stnidents—were also tested ip order to study possible culture-specific 

influences/on memory. Subjects were»tested in their preferred languages by a 

bilingual/Moroccan who served as the experimenter in all testing. In two 

memory.experiments, tasks were chosen, because each, tapped into specific aspects 

of structure and control processes.se  

Experiment I: Short-term Recallv 

The first experiment studied the development of short-^erm recall. This 

memorytask, first ttsed extensively by John Hagen and his associates, required 

the subject to 'locate the position of a familiar animal in- a series of seven 

briefly presented Items, where the to-be-remembered item varied in position from 

trial to trial over 14 trials. As in Figure 1, the subject was first shown  

each of seven -cards_in the top row, which vere turned face down. af.ter. & two 

second presentation. Following the presentation, the1 subject was presented. with 
 

a singel "probe* card with a single animal on it, and had to find the same 

animal -in the linear array of seven face-down cards. The household objects 

on the presentation cards were, part of another experiment .which is 'described 

elsewhere .(Wagner, 1976).  



The results of this task may be sjen in Figures 2 and 3. I, will briefly 

discuss the results here, since an earlier (although less extensive) study which I 

undertook in Mexico produced essentially identical results, and those data 

have already been published (Wagner, 1974). The .analysis of the results from 

Experiment I (see.Table 2) may be summarized briefly as follows:  

1. All main effects (i.e. for age, schooling and urban environment) were 

significant for total recall (summed over serial positions), primacy recall  

(i.e. first 'serial position) and middle-positions recall (i.e. mean of serial 

positions 3, 4 and 5). For recency recall (I.e. final serial position) there 1 

was a small but reliableeffect for school. It should be noted that the age 

effects for primacy and total recall were considerably larger than that of 

•riddle-positions. 

2. The age X school interaction was significant only for primacy and 

to£al recall. This Interaction may be•interpreted as support for the hypothesis 

that years-of schooling were directly related to•performance on primacy recall, 

and thus subsequent total short-term recall. 

3. The significant school X'environment interactions for primacy and 

total recall performance support the hypothesis that the urban schooled children 

shoved the bestjoverall performance as a function of memory skills that produce 

the primacy effect.  

As suggested earlier, memory development catr be meaningfully discussed 

in terms of models that distiaguish between structure and control processes. 

With respect to the present and other results {for a more complete account, see 

Wagner, 1977), two points seem clear: first, recency recall or echoic store was 

present in stable form in all populations studied-, regardless of age, schooling 

or environment; and. second, primacy recall—considered to be a function of 



•verbally, mediated rehearsal strategies or control processes—developed with age' 

only for schooled subjects,' and in somewhat diminished form for urban non-

•chooltd subjects. And', it appears that primacy recallwas what caused improved 

'overall shor^.-te<m recall in the older schooled groups. While earlier studies 

have typically'been hampered by the confounding of the factors of schooling and 

urbanisation, the present study showed that each factor may have a positive 

effect on the development of control processes in memory. Thus, it appears that 

the use of mnemonic strategies may be tied to certain cultural experiences, 

while echoic store—a structural feature of memory—seems to be present in all 

individuals regardless of age or special cultural experiences. 

Experiment -II; Recognition Memory 

Models of recognition memory (e.g. Anderson &^k>wer, 1972; Kintsch, 1970) 

suggest that there are two primary parameters that determine recognition memory 

performance:' acquisition, the amount of information that enters the memory 

system, and forgetting rate, the continuous decay of information from memory 

as a function of time or intervening information to be remembered. The for- 

getting vate, as discussed earlier in the model of Atkinson and Shiffrin (1968), 

is considered to be a structural feature, of memory: acquisition is more variable, 

and is considered to be a function of many factors such as the type of stimulus 

encoding and perceptual set. 

Developmental studies of recognition memory, as opposed to'recall, have 

been most often characterized by a lack of age-related trends in performance. 

Ip her retent review, Brown (1975) has, suggested that such invariance with age 

is probably a function of the degree to which the recognition memory task does 

not require active retrieval or acquisition strategies. Furthermore,' invariant 

forgetting rates seem to be responsible for the lack of age-related changes in 

recognition memory performance, as has been shown in a variety of studies where 



forgetting rate*, exhibit little age-related change for either words 

(e.g. Wickelgren, 1975) or pictures (e.g. Nelson, 1971).  

In Experiment II, two main questions were asked: (1) To what degree is

rate of forgetting a structural universal, varying little by age or experience?; 

and (2) To what degree can we specify the nature of variation in rate of acquisi­ 

tion? In order to .delineate the life-time experiences that lead to variation in 

Btinulua/encoding, which seems to^affect rate of acquisition, task stimuli were
 

composed .of oriental rug designs, and were selected to be moderately familiar 

to. Moroccan children., very familiar'to a non-schooled population (Moroccan rug 

sellers), and unfamiliar to a very schooled population (University of Michigan 

undergraduates).  

.The same'subjects as in Experiment I were tested on a modified version of 

the dontinuous recognition memory task of Shepard and Teghtsoonian (1961). 

The stimuli were 207 black and white photographs of Middle-Eastern rugs (see 

example in Figure it). the experiment consisted of -a practice test of -30 trials, 

followed by the experimental task of 177 trials. The practice task.consisted 

of 15 original and IS duplicate rug patterns, which were arranged so that 

repetitions (i.e. 'duplicates) occurred at varying intervals or lags in the 

series. Thus, repetitions of patterns occurred at lags ranging from zero (i.e. 

duplicate was repeated on .the next trial) to 17 (duplicate repeated after 17 

intervening patterns). The experimental task consisted t>f 83 different rug 

patterns and.88*exact duplicates, which were arranged in a sequential array so 

that duplicates formed lags of 1, 5, 10, and 25 intervening items. There were 

22 repetitions at each of these four la/,8, which were distributed'as eVenly 

•as possible over the entire sequence of items. Both practice'and-experimental 

stimuli were arranged in two large loose-lysaf notebooks, so that when the next 



pattern was exposed, it covered the previous pattern. 

As In the first'experiment, each subject was tested individually, and was 

allowed to go on to the experimental task only if he could master the practice 

task. For both the practice and experimental tasks, the subject was instructed 

that each rug pattern would have one and only one duplicate or "sister" rug.

He should look at each rug carefully, and say whether the present rug design 

was appearing for the first or second time. The subject was allowed about five 

secomls, to look and respond to each item J>efore turning to the second item. 

As in the first experiment, all subjects were tested in their preferred language. 

The results of this continuous recognition merao'ry task' were based on fivd 

derived measures of performance: ,total correct (the sum of hits and correct 

rejections for each subject)*, and d, 1 (an unbiased measure of memory trace) for 

each lag (1, 5, 10 or 25 intervening items). For each of these measures, three- 

way analyses of variance, by age (4) X school (2) X environment (2), were, per­ 

formed (see Table 3). The roost important features of the analyses may be 

summarized as follows: 

1. Chronological age produced little or no reliable effects for'the 

Various recognition measures. 

2. Schooling produced significantly increased performance for the longer 

lags (10 and 25 intervening items), which resulted in a significant schooling 

effect for total correct

3. The effect of environment was highly significant. Contrary to the  

V. findings in the short-term recall task, the rural subjects, whether schooled 

or non-schooled, performed significantly better than their urban counterparts 

on ell recognition measures. 

Forgetting rates—or the decrease in d' over lag or delay—proved to 

be very Interesting. Forgetting curves are plotted by group in Figure 5. 



Statistical prof114'analyses were performed within .each of the groups, and the 

results, confirmed the observation that the forgetting curves were generally 

' Invariant o» parallel to one another across ages. -Since there were essentially 

no age differences in forgetting rates! these data were.pooled, across ages and 
 

were compared, aft.single groups, with the data, from*the three extra groups 

(Rug Sellers, Koranic students, and Michigan undergraduates) in Fip.ure 6. 

profile analyses sof these 'curves indicated that all but the urban schooled and 

Michigan students had parallel forgetting curves. These latter groups showed 

significantly less forgetting over lags, byt this difference was small in magnitude. 

In general, then, these data on recognition memory support previous research 

that, indicated little age-related change in forgetting rates, and, with Only 

'minor exceptions,-these forgetting rates were also invariant with respect to 

schooling and environment.  

A number of interesting differences were found in total correct and in the 

rates of acquisition (i.'e. the levels of the forgetting curves), while it is 

unclear why rural subjects performed batter than urban- subjects in the re*cogni-

tion task—but the opposite in the recall task—such findings strongly'imply that 

situational factors such as motivation or comprehension probably played'little 

role in the performance of most subjects. Furthermore, the fact that rural 

non-schooled subjects'performed better than the urban schooled subjects implies 

that schooled subjects do not necessarily do well as a function of learned test- 

taking skills. .There are, -however, a number of theoretical explanations for 
 

these'differences in the acquisition parameter, and these are probably related 

to variations in stimulus encoding abilities between groups, as hypothesized 

earlier. For example, the non-schooled Moroccan rug sellers scored as high or  

higher than all other Moroccan subjects,'whether schooled or non-schooled. 



Familiarity with rugs may not be the only fad tor involved, however, as the 

Michigan undergraduates also performed quite well. Reasonable explanations f-or 

differences by troup in acquisition rates might involve the following factors:  

increased •encodability as a function of familiarity, encoding strategies that 

tap-a'deeper level of processing (as in Craik & LocWiart, 1972); and, finally;  

ability to extract distinctive features- (as in th'e theory of Gibson, 1969)

More diacAisaion of this aspect of performance' is available elsewhere (Wagner, 1977).  

Discussion  

In the»introduction, models of memory were discussed in terms of both 

structural features and control processes. It was argued'that such structure, 

If built-in, should be.present in all subjects' regardless of age or experiential  

background. Several pieces of evidence seen to support this hypothesis: _(a;  

echoic store -;as^found In all groups, regardless of age or background;• end 

(b) forgetting rates we're generally invariant across groups.  

Developmental research- in memory has shown that control processes—such as 

verbal rehearsal and clustering—improve between the ages of-5 and 15 years. 

While chronological age or maturation has been ̂ said to be the important indepen­ 

dent variable j^ri such research, some .earlier cross-cultural studies (Cole et al., 

1971; Wagner, 1574) have shown that the.development of control processes may be 

dependent in part oh formal schooling. 'Data from the present study adds further 

suppprt to the hypothesis that experiential factors, suoh as schooling and living  

in an urban environment; influence the development of control processes. The  

results of the short-term recall experiment showed that verbal rehearsal appeared 

to, be used only by older schooled.subjects, and to some extent by urban non-

schooled subjects. These data, reflecting the stable use of verbal rehearsal 



strategies by about age 13, are consistent with data collected among American  

achool children (Hagen,19h).

There la a variety 6f evidence that suggests that cpntrol processes or 

memonicsmay.-be cultuse-specific—where the "cultures" of both western-style 

schooling and' urban society would be exemplars Additional evidence is avail-  

able from other sources. It is well-known that remembering the words to a song 

is greatly facititdted by singing the song — the tune and rhythm serve as 

mnemonics. Among the Kpelle in Liberia, Lancy (197S) has* reported a similar 

phenomenon, out adds further that, "my Informants had creat difficulty recalling

the songs unless they were singing and dancing" (p,.9). "-Thus, we see a motoric  

oror klnestnetic mnemonic that^.aids recall. Similar evidence «as recently gathered

in ft study Of 'memory in deaf children (Liben & Drury, 1976). In this study deaf

children created their own, apparently culture-specific^ eft deaf -specific^,  

mnemonics for remembering. The authors observed the use of .fingerepelling and,' 

the use of mime representations (sucW as "rocking-to represent a .curved line") 

aa mnemonics in a short-term recall task. Still other examples'of memory aids. 

are numerous in the anthropological literature, and have been summarized-in 

several extensive reviews (e.g. Yates, 1966).  

It appears reasonable to conclude that claims' such as those quoted earlier  

from Kagan and Klein (1973)—with respect, to an "inherent program'' of basic 

cognitive processes—should be limited to' the. relatively sinple estimates of memory 

performance they studied. Stated in its strongest form, the present steady supports 

the hypothesis that structural features in memory are universal, while control' 

'processes seem to be more culture-specific, or a function of the particular 

experiences that surround each growing child. While the pattern of results 

appears to support this hypothesis, it is obviously difficult to cla'fn a 



completelyuniversal structure of memory, .because only certain structural 

features of memory were studied, •furthermore, although differences In con­ 

trol proceaaea seem to be <p function of global lifetime experiencea, we are', 

at preaent,' unable to specify whet factora in the acjtool or environment 

specifically 'influence the. development of such processes. Moreover, we 

cenno't claim that children growing up in aome cultures 'are unable to use 

certain control processes or that such processes dor not exist in some culture, 

'for the present study has dealt onlywlttr'the kinda of, control proceaaea used  

on specified tasks. 

In summarizing the two experiments, I believe it is possible to say that 
 

we have provided complementary evidence for current psychological models of 

meeory, by confirming the development* and invarlance, of several differing 

aapects of these models. It is also poaaible to add memory skills to the

growing list of cognitive skills that^ aeea to develop as a function of the 

schooling experience. 

Final Commenta 

By way of conclusion, t would like to make a few final comments on fhe 

nature of this enterprise, and potential directions of future research. AA

variety of psychologists and antlfropologists might reect to (he preaent

discussion with s sigh and a "so wha.t"T They would say.^ook, it's really quite 

simple. We know that all kids have short-term memory— -tneY remember Ifonmy and 

Daddy, don't 'they? We know they have -depth perception— they don't bump into  

trees, do theyf We know they have complex cognitive skills'- they all learn how 

to speak, don't they? And so it goes... I believe, however, 'that the issues are more 

complex than such criticism would have ua believe. Understanding cultural 



differences in behavior is a* difficult and sometimes frustrating task.. As Cole,

Click,,Labdv. and others have pointed out, we must take the situational or 

experimental context into consideration. 'They would say, wha.t if we were to 

change the experiment so that it would be acre "relevant" to the individual's 

background? Obviously, this is an iaportarit point. But such a point nay speak 

 elnly to the potential of all individuals regardless of race or culture to 

achieve the seas general Intellectual level. Pew of us except for possibly 

the hard-nosed geneticists would disagree with such an assertion. 

However, the assertion of universal potentialities nay be tea ids the 

'point here. Z believe that we should also be studying the ability of indivi-

dual* to spontaneously use cognitive skills on aore-or-less culturally appropriate 

task*. '(Clearly, no task is going to be perfectly appropriate to all individuals 

in even a culturally homogeneous group regardless of our attempts.) For example, 

we now Vnow that .very young children (Uagen, 1971), mild xeta.rdates (Brown, 1975), 

sad certain non-schooled groups (Cole et all,. 1971; Wagner, 1977) do not sponta-

neously use mnemonic strategies or control processes on certain recall teak*. 

All these groups, however, can apparently be induced to show Western adult-like

behavior through special training, elicitatlon techniques, and/or constraining 

of the task situation. Few of us, however, would agree that young children, 

mild retardates end non^schooled adults have isomorphic cognitive structures., 

When we speak of the effects of schooling process on level of cognitive 

skills, we are also, and nef'haps more fundamentally, concerned with the effects 

of level ef cognitive  skills on the schooling process*. It seems to mi thet the. 

question of spontaneity of the production of cognitive strategies must, be 

addressed sootier or later.. That is, do individuals oc groups of individuals 

who show cognitive strategies under ellcitation techniques have identical 



abilities to learn in school, when compered with Individuals who show such- 

strategies spontaneouslyt. I doubt it>, but here again, the issue of context 

or cultural relevancy makes the issue difficult to clarify. 

As a concluding remark, I would like to.sugites^ that we not conluae the 

difference between the important socio-political point of view that reminds~us 

of- the universal potentiality of all individuals, with the store psychological 

point of view that aone real differences in higher level cognitive skills may 

exist as a function of environmental variation. And, thet these letter 

differences are'interesting for both the theoretlcel end practical concerns 

oj .educational development. 
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Table 1. MoroccanSubject Groups by. Years of Age and Schooling 

Group K I _ Sch«xUtM 

maa- range- ~» . rmte 

Urban/School** 24 6-7, t.oo 1 

10.30 10-12 3.08 J-4 

24 13.37 13-14 6.9» 

24 18.42 18-19 11.4* 10-14 

Aur&) /Schooled 24 8.12 ft-9  1.00 1 

(US) 24 10.12 S-4 

24 13-14 7.54 «-\0 

18.9$ 18-21 11.54 10-14 

7.54 Ah. 0-1 

Urban/Non-schooled(UN) *JA *^ 10.79 10-12 v.OI 

24 14.90 .04 0-1 

24 18.92 .4 17-22 >M •-1 

7.12 6-8 .08 0-1 

(!W) 24 10.71 .» 0-1. 

24 14.33 13-16 .17 .0-1 

'24 19.79 17-22 .Ot 0-1 

Kercntc StudenU 24 19.42 18-25  2.00 V4 

tut feltm 12 26.42 17-34 3.33 0-7 



 Table, 2 

Analysis of Variance (F-scores) for Short-term Recall Measures.

•Source df Total Privacy Middle-Positions Recency 

Age tA) 3,368  22 roe** 15.88** 7: 22** 2.21' 

School (S) 1,36^.
'60

.87** 14.21** 22.06** .5.88* 

Environment (E) 1,368 35 .28** .H.21"-* 19.78** ,02. 

A X S 

A X F 

_.-3.3.<>(J 

3^368 

8 .75** 

.92
10.62** 

.32 

2.01 

1.21 

.33 

3.29* 

S X,E 1,368 13 .88** 10.98**" 1.97 9S72** 
X 1

A X S X E 3,368 .1 .53 3.75* 3.32* '-65 

*p'<.05 

**£ < .01 



Table 3 

Analysis of Variance (F-scores) for Recognition Memory Measure. 

Source df lotal d' (1) d'(5) d'(lO) d'(2S) 

Age (A)' 3,368 2.16 3.66** 3.02 2. PC* 1.41' 

School (S) 1,368 9.28** .01 ..83 7.68** 20.43**' 

Environment (E) 1,368 71.06** 66.23** 57.85'* .45.09** 18.56** 

A X S 3.368 2.51 2.45 4.97** 1.58 5.92** 

A X'E 3,368 .16 2.16 .98 ..39 .71 

S X E 1,368 .36 7.79** .67 2.22 3.. 9,6* 

A X S X E 3T,36« .15 .51 ^.38 .18 .25 

*£ t .05 

**£ < .01 



Figure 1. Set of stimuli used in the serial short-term and incidental 
memory tasks.  



    

  

  
Figure 2. Total short-term task recall (summed over serial position).

US - Urban/ Schooled; RS = Rural/Schooled; UN= Urban/Non-
schooled; RN = Rural/ Non-schooled 



  

   
  



    

Figure 4. Example of rug pattern stimuli  used in the recognition memory task. 



  

  
  

Figure 5. Forgetting curves (mean d' over lags) for each main
group over ages 7, 10, 14, and 19 years. . 



  

  
Figure 6. Forgetting curves (mean d' over lags) for each 

subject population (summed over age). 
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