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INTRODUCTION

.
/ ' v . -

I. An active processing strategies model of memory.
The construct of- intelligence has for a long time : ‘.,
rested to a great eXtent not upon learning ability or acqui-
.sition pex se, but upon memory, or the. retention of informa-
tion‘ppesumably.learned.- With -no knowledge or'whether or not

ihfofmation was ever presented to a subject in the first place,

. t

'and no knowledge of the original level of learning if it was |
presented; we have, on our best measures of 1ntelligence, pro-

ceeded to make assumptions about intelligence €rom measures of
4 ' .
» o .
' .. retention. Consider, for example, the Information, Similari-

. .

S ties, and Vocabulary subtests of the Wechsler intelligence

scales. Those three subtests obvzously rely upon ‘the testee's

-

’ . memory for information to which he is assumed to have been -

exposed. A little reflection reveals, however, that practically

all other spec1fic requirements of tests of intelligence rest A

upon similar' assumptions and depend upon tetention of verbal

nformation or perceptual-motor skills. ‘ , A\ .

.

As Hunt (l961) has pOinted out, the idea of fixed in-

-

-

v ’ telligence has been one of the most ubiquitous concepts in the .
field of. psychology Most profeSSionals in psychology and edu-
catipn believed for a long time, and many still believe\ that’ .

intellectual abilities dre more br less given at birth, and

_fairly fixed or relatively imperviOUS to any attempts to

r

modify them in any significant way. It 'is.no wonder, then,
‘considering Ehat memory has played such an, integral part in
. ourLconCept of intelligence, that memoxy, too,‘has been v . '

k thought of as essentially fixed The ability to remember

. -

“. things has most’ often been thought, of as a "gift", and, like

intelligence, corisidered sormally distributed in the popula- 3




tion.

Bunt (1961).presented a most con incing argument against

CC . ’ ; :
the: copcept of fixed intelligence. - we accept his conglusion

as a.premise,'and_consider how larg¢ a part memory prays in.

our concept of intelligence, it bedomes reasonable to assume

that memory processes are amenable to environmental inter- .

vention. An active processing strategies model of memory as-

¢ -sumes that the ultimate recall of any information is largely

. .a function of what the organismd ctively does when he is, ini-

tially confronted with the stimjlus complex containing that

*
.

information. Memorization is t*an automatic process, nor

does it always necessarily 1nv lve the same types of cognitive’

activities. The act_pf commititing somethlng to memory, rather,

involves one or more of many ssible cognitive strategies which

are put to usé in an intentignal manner. Flavell (1970) has

i : ‘s ’ H
been one of the proponents of such a view of voluntary memory

. in his numerous shggestions-that'the development of memory
: w1th age cons1sts of learpni g, and learnlng to use, varlous
acquisition strategles.' THere is now an abundance of empiri-

cal ev1dence to support ‘'suc¢h a notioh : (BelmonL & Butterfield,’

Flavell Frledrlchs, & Hoyt, 1970;

« 8

1965, 1971; Flavell, 1970;
Hagen, 1971; Neimark, Slotnick, & Ulrlch '1971; Appel, Cooper,

McCarrell, Sims—Knight, Yussen, & Flavell, 1972). Appel et

- al (1972), for example, have demonstrated that deliberate

.

memorlzlng only gradually emerges as a sepdrate and distinct
T

°

form of cognltlve encounter with \he env1ronment Memorlzlng'
necessarily includes perceptual contact with the env1ronment,

but it goes béyond the developmentally earlier\act of per¢ep-

Py -

\ tion. Neimark et al. (1971) found that when identical mater-

- 4 1\

jals and instructions are presented to. children of different

g 4 i ’ } ) »

1
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. ages, the increased recallfon the part of the older children

’ -

N . is a function of qualitatige changes .in what the children dé,
. with thf materials’ at the timg-of initial presentation.’
ith respect to mentally retarded persons, or for that

matter, any persons who have "trouble recalliné information,

A
the precedlng model suggests,several p0551ble reasons for their

pooxr recall. One pos51b111ty IE that they have never learned -
memorlzataon strategles. It is 1nterest1ng thab-whlle we -
///aue’endeavored to teach children content or1ented subjects °
like history and geography and slll*orlented subjects like
reading and arithmetic, skills like strategles for remember-
ing things have been only 1nc1dentally con51dered Flavell

. o (l97l) concludes his analys1s of the development of memory
A

with a quote from Adams (1967) which bears repeatlng here.'_,

"We have yet. to appralse thoroughly the varlables for'.
e teaching effective’mediators, but the practlcal impli~’
cations of this method are large. There’ is, no reason
why schoolteachers of future generations should not’
show students ways of learning materials that.will re-‘
. sult in their high recall. At present, students are
. . : given materials for learning and left to their own
memory devices. How much- better it would be if an in-.
structor told the Students about ‘prqoved mnemonlc de-
vices and saw that they used them in systematlc ways
" (Admas; 1967, p. 134)" :

. Beyond the poss1b111ty that some retarded persons have never
"learned memorlzatlon strategles, there is the posgsibility that
they have learned some strategies but not the most efficient
K . and‘productlve ones. Furthermore, there’ 1s_the issue af know-
’ h * ing whenzand whererto use the strategies which one does have,
as well as the issue of propensity to use those strategies.-
In addition to the studles already cited as emplrlcal

ev1dence for the validity of an active process1ng strategles

model of memory, some researchers have attempted to specify




* .
. . 1) ’
.

what these strategies are. When a-person is confronted with

/

information tO be memorized, there are at.least’three differ-

.
-

ent processing)strategies which have been found to facilitate
recall. One‘caﬁ'frehearse" the informatioh,'or simbly re—
peat it over and over again so that it remaihs in-{mmediate
..’/’conSC1ousness for a[longer period of time; one.can organlze
. the input in some manner, or one can "elaborate" the 1nput--
add_something to it«s The Qork of Belment,& Butterfield (1971),
) stemming £rom the'theoretical speculations of Ellis (1970) con-
cerniny the functi;n of rehearsal precesses in memory of re;
tarded persons, has Shown‘that'when retarded persohs are taught
to apply active rehearsal strategles, their recall is facili=
! - '-_tated. Some of the ev1dence (e.g. Spltz, 1972- Spltz & Webreck,
1972, both e; whlch are extens1ons of Spitz's (1966) theore-
tical speculatlons about the ;unctlon of 1nput organlzatlonal
: S capaC1ty of retarded persons) shows that retarded persons -
can markedly improve thelr tecall performance if they'are pre-
. sented with, stimulus materlals ‘which have highly sallent or-
ganizatipnalicuesl' With respect to elaboratlon, several studies
(e.g. MacMillan, 1970; Jensen' & Rohwer,';9§3; Turnure &:Walsh,
i97l- ‘Taylor, Josherger, §.Know1ton, 1972) have found-that
when retarded subjects are taught to prov1de‘med1atrng links

- ’

(i. e., to "eiaborate") for paired associates to be remembered<
P

. '-their subsequeént recallnls.fa0111tated.

- .
All of. hese recent flhdlngs, taken together, are ex~

v

t¥on or memory per se is deficient in retarded populations.
. 4 *. . ' . . .
Belmont ard Butterfield (1969) further conclude that the lit-

Q - 6
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- -

’ erature contalns no compefllng ev1denc

r

that forgettlng rate

decreases with either’ age or 1ntelllgence. -

‘. One task_before~us, as researchers, 'is to continue to.
. N )

demonstrate that active processing strategies caw be taught

)

which facilitate the”recall of .information. More'importantly,

- however, we must attend to one oft Flavell's (1971) suggestions

that the next logical direction future research on the issue
must take is toward facilitation of memory on practical, func-
tlonal "real-world" types of tasks._ We must become aware, of

,\' b

‘the types of information 1t is 1mportant 'for retarded persons

- S

and children to be taught to remember, and we must then attempt

Y 1 R

tofteaoh_processing'strategies which can be tailored to the

various types of information. . ‘ ' . -
L4 . : '

i1, ‘Measures.of'AduisitionallStrategies e

H-A numger of different measures of achisitional prooessés

~ have been ysed inkdeveIopmental studies of memory. Neimark,
Slotnrck, and Ulr1ch (l97l), for example, found cons1stent .

differences in the ways older and younger children organlzed .

pictures”during stndy ses31ons. This- measure was found to
correlate.positlvely with amount of material recalled, and
it was inferred that older sdbjectsf.greater level of recall
.wasg in part due '€o their greater propensity to’organize mater-

jale spontaneously during acquisition. In_several studies,

. verbal rehearsal durlng acqu1s1tlon has been observed dlrectly,

and developmental differences in this measure have been related'
to the development of better recall (FlaveTll; Beach, & Chinsky,
1966; Keeney, Cannizzo, & Flavell— 1967). Belmont and Butter-

field" (1971a, 1971b) relied upon the analys1s of hésitation -

. patterns on serial learnlng tasks to 1nfer that. retarded sub-

7

. -
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, subjects. Ellls' (1970) conclus1ons concern1ng a "rehearsal

. def1c1t“ in retarded subjects were the result of 1nferehces

. strategies like pointfhgfhave been observed directly (Daeh- =~ -

Pler;,Horowl;z, Wynns, & Flavell, 1969).. -In a recent develop-

»tions merely to, look Zt the plctures.. Recall per%ormance

. p1r1cal evidence dlfférlng in deqree and type of inference in-

" the contentlon that acqu1s1tlonal prpcesses develop with age

. contrlbutes substantlally to the valld;ty of that contentlon.

0 s, T e e
* R 3 Ze P \
‘:i, < 3 nd
jeqts were not rehearsing in the same manner as nonretarded £
g

-

. %
X

3

made from dlfferent serial, pos1tlon curves for retarded and Y

nonretarded groups. Ih.some studies,.nonverbal aequls;bzoq3i~;-:

-

@
- [}

mental study, Appel, Cooper, McCarrell,”.Sims-Knight, Yussen,

&:Flavell (1972) used pvert behavioral evidence (naming; lip

movement; cumulative %améng as well as an inference drawn :

from difrerential recﬁll performance by older and yougger groups

.as a frnctlon o£\inst4uctional condition to support Flavell's -
¢ S

(1970) hypotheses con ern1ng memory development 'For younger

'subjects, no differenc es in recall resulted from lnstructlons

-

~

to remember a series of pictures when compa{ed-w1th instruc-

ember" condltlon for older subjects,

V .

however, and/thls fact strengthened the inference that
1 > . *

active strategles employed during study perlods s1gn1f1cantly

was better in the "re

affect recall, and develop with age. . ' ‘

The understandlng of developmental aspects of ‘acquisi-
: .
tlonal processes has, then, ‘rested upon several k1nds of em-

volved. The diversity of the types of measures used to support

In one of hig methodologlcal suggestlons for future research,

’

Flavell (1970) suggests that researchers" ...1nvestlgate the
.ocgurrence- nonoccurrence and the structure’ of ord1narlly co-

,

. »' ’ g
. » -~ 7

. P ' - : :
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v

,:,? . . 5 L“ 4 . o,
. Y. o
vert mediational“activities by rendering them observ%ble,.. ) .
(p.207}). Requlrlng subjects to rehearse overtly durlng acqu;— o

sition is an example of one method of d01ng‘thls, ‘but the analy—

sis of phy51olog1cal changes during proce551ng is felt to be ,' .

a,technlque which offers several advantages beyond measures ~

. measure, the;puplllary response, has been demonstrated to. be '

_ tive to tasks felt to be emotlonally arousing.

‘it can index acquisitional processes a§ they are occurring.

.
.

whlch have been used prev1ously.

In studies imwvolving adult subjects, one phy51olog;cal

a useful index of covert mental processes (Hess & Polt,'l964;

Kahnemah & Beatty, 1966 Stanners & Headley, 1972) Such a ’

measure is beneficial because, unlike many inferential .measures,’
' < . A Y

- \

The measure alse does not réquire -forcing the subﬁect to:pere'

’

form'overtly,operations he might ordi arily perform.in a co- .
_ .

X
vert manner. Also, 51nce the measure has been.shown to re-

flect nonverbal processes such as im gery ‘(Paiviq & Slmpson,

l966f 1t is appllcaple to the measyrement of covert mental

~

o

operations Whlch are perhaps unobse vable in any more dlrect

A -

d . " .

manner. ’ Y.

>

Hess s (1965) artlcle whlcn summarlzed his research for

pupillary reﬁponse was instrumental ‘in

*

severadl years on the

focusing a lot of subsequent att ntion on the measure, al-

4

though his was not the first research on the significance of

the puplllary response to "psycpologlcal" stlmull {see Gold- -

watef, 1972 or Lowenfeld, l958/for reviews which present broad i

! ‘

historical perspectives)‘ On% aspect of the pupillary response

<'brought out by Hess (1965) WFS that it appeared to be Sensi-
A lot of sub-

-
-

¢ found the pupillary response to be con \
d at

sequent‘research ha

sistently relaked to a construct which has been calle

9 .




, "emotion", "affect" "motlvatlon ’

different times, "1nterest"

or "preference". Nunnally,}Knott, Duchnowskl, and “Parker. (1967)
. 't

" looked at the pupillary reSponse tp five types of stimulation
whicH were felt to all somenow relate to the overrldlng-con—-

)

struct ‘of "actlvatlon and found support for the idea that the

-~

puplllary response is’ one* component of the orlentyng response

and that the pupll will even dilate to-a. sudden 1ncrease in

-

1llum1natlon, thus overriding the nqrmal light, reflex.-MInfr_,,

~ -~

looklng at’ alf the research on "non—cognltlve" aspects of . .

. ‘

the pupillary response, it seems undéniable that dilations
in cértain situations, are most accurately described as being
part of, or due to, a general activation, or orienting- response,

Hess's £1965) article also presented evidence that the

puplllary response can be a measure of more than arousal. In
one of the’ studles reported (Hess & Polt, 1964), two basic
aspects of the puplllary»response during a task involving
"cognltlve process1ng or "mental effort" were detailed. The
first aspect 1s what Kahneman (Kahneman & Beatty, 1966--Kahne—
man, Onuska, & Wolman, 1968; Kahneman & Peavler, 1969) has come
to refer to as a loadlng—unloadlng phenomenon: On a dlgit span
task, for example, the pupil gradually dilates ("loads") durlng
digit presentation and subsequently constricts ("unloads") as
tﬁe subject '‘reports the recalled digits. The second aspect
concerns a problem difficulty factor. It was shown in the ﬁess
& Polt (1964) study that multlpllcatlon tasks 1ndependently
rated as more dlffIcult got greater and greater degrees of pupil-
lary ‘dilation. This relationship between dlfflcuLty of problem

presented and mean extent of dilation has been replicated with

L]

a variety of different types of mental tasks. Kahneman- and

o IS - N
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" tion for memory tasks 1nvolvlng dlglt strlngs of dlffere 't . .

‘son, Kleln,‘and Rawson (1968), Payne, Parry,‘and Harasymlw ‘,

ant behavior. The puplllary response iafms to be conslstent S

e

Beatty (1966) found progre551vely greaten degrees of &

J. - o
lengths and for’ dlglts, words, and.dlgl transformatlons. -t o

-

Other studles'supportlng the relatlonshlp are Shaefer, Fergu-

1(1968), Bradshaw (1968), Kahneman, Onuska, and Wolman §l968),‘

.

Pa1v1o and Simpson (1966) . , ' - RO . 1, .

- 1t appears that pupllldry changes in the precedlng types*

of tasks are reflective. not of respond?nt, or reflex behav1or,':“

.

but of voluntary, d1rected behavior whlch qould be consldered

~

essentlally no d1fferent from moré dr&ectly observable .Oper- .

w1th theories of what the subject 1s trylng to “do“ to the st;- .
\0
mull presented, As Kahneman. (Kahneman & erght, 1971) has p01nted

|
LN )
|
|
|
|

out, it 1is imcumbent upon the 1nvest1gator ‘to have some "

theory of what the subject ie d01ng when the puplllagy response

iswrecorded if he- wisHed to make assumptlons about +he response

7

as indicative of a spec1f1c psychof’glcal process. Kahnemangs

L] -

expressed purpose is to bulld construct validlty for the con-~

struct of rehearsal by brlnglng together a tentatlve”theory

" [

-

and, a tentatlve measure (the. puplllary response) of/rehearsal

-

The 1dea is, of course, that once the valldlty of the measure

E .

as an index of processing Ioad or mental effort has been es- .

o .. «

tablished, it can be used«w1th "fewer restr1ct19ns and qualifi-

cations te answer questions about the process it supposediy ..

mirrors. *° : o e g B

-

A ‘central methodological issue has been whether or not

the pupillary measures oOf “cognitibe processing" on one hand,
n?* 2
and. "arbusal" on the‘other are confounded .in any given experl— L.

¢ R

- ' I;;,

- . ]1 ":’ | B . . R .
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f ‘& Headley, l972) have attempted to unravel thzs complex 1ssue.

’.At o~ . ¥

ﬂ
o

- 5

mé tal; task. éeveral studles (Kahneman & Beatty, 1967~ Kahnemanf

&
[y . ——

& e ‘

.

Every study but One (Kahneman,& Peavler\ 1969), hpwever, has

. oﬂ . i

1nvolVéd tasks dlffermng in dlfflculty. As an example, the

Kahneman and Beatty (1967) study was concerned wlth puplllary

v . [N

responses in a pitch dlscr;mlnatlon task ralt waslfound that,lo,

he -~

as the comparlson tone got.more and more s1mllar to. the standard

-

tone (G e., the task got more dlfflcult), dllatlons were cor--

3

respondlngly greater. Kahmeman ynterpreted the dllatlons as

1ndlcat1ng 1ncreased proce551ng load during the.more difficult

dlscrlmlnatlons,tsaylng, "the magnitude of the responses that

- ry

have been descrlbed here is ‘clearly not determlned by the arous-

1ng characteristics of any stlmulus, rather 1t corresponds to

., *

what the organlsm does w1th the information conveyed by a

partlcular stlmulus" (p. 104) The alternat1Ve eXplanatlon

-

.

however, ghat a more dlfflcult d1scr1m1natfbn could be

accompanled by increased arousal and that the arousal con-

. PO

struct can account for the/data just as adequately. Kahneman'
. ¥ *

®

! <

recognized this argument but feels that, "...prbponents

of such a v1ew may_. have to broaden the concept ‘of anx1ety so

- ,

‘mich as to make it e1ther-v1rtually meanlngless or else a syno*

nym of processing 1oad". (p. 104) : . ) ) >

'y a “ . -

. The Kahneman’and Peavler (1969) study appears to ‘be the

-

strongest support for the "processing load" hypothesis, .since

that study 1nvolved tasks of equal dlfflculty. The idea was -

‘associated would eV1dence different pupillary responses: wh1ch~

y .
. s

* yould correlate hlghly with 1tems actually learned In,the'&:

‘ 12 ’ ) ’
R - .
., B ’ “
" ~ s
.

e
C & Peavler, 1969; Johnson, 19710 Kahneman &:erght L971 Stanners

~

4

to see if dlfferentlal 1néent1ve values placed upon palrs to be .

s

T
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. _4? 8 - . , _ .

paradlgm, durlng the study trials the stlmulus cued the subject

as to whether the palr to be learned was a hldh 1ncent1ve (i.e.,.

-

.

"learning it would pay off more) or a "low incentive pair. From
.\

the "arousalh.pointtof view, subjects should have been differ-

- -~

entiaily aroused from the onset of the stimulus. High incen-
tive stlmull should have evoked greater puplllar§ dllatlons
due to greater arousal.- From the "proces51ng p01nt of v1ew,
the dlfferentlal ‘dilation should not have come- untll both sti-

mulus_palns had been‘exposed, since 'the dilation should be due

-

.to effort exerted while trying to form the necessary association.

The results. favored the "processing" interpr’tation.

N .

If use oﬁ,puplllary measures on cognitive tasks could
I,

nly result in more 1nﬂmmetlon concerning oblem dlfflculty,

its contlnued use would be dlfflcult to defend, in light of

the avaylabllﬁﬁy of s1mpler, equally informative measures such

N
as error rates or résponse }atenc1es. In several studles, how-

ever, the measurement of puplllary act1v1ty has prov1ded infor-
mation about covert mental operatlons whlch is 1naccess1ble by
any other means (Kahneman § Wright, 1971; Stanners & Headley,

1972; Stanners, Headley & Clark, 197.2; erght & Kahneman,1972).

-

Kahneman and erght (1971), for example, were able to conflrm
several hypotheses concerning the nature oﬁ covert rehearsal

as a function of varying task demands (whole'vs. probed recall;
' :
‘long vs. short retentlon 1ntervals) using pupyggary'measures.

In that study, as 1n many others, the alternative means of elu-

c1dat1ng the,nature of rehearsal act1v1ty was to ask subjects

for 1ntrospect1ve reports.’ Subjects in such experiments typi-

LI
.

cally have no clear idea of the effects which subtle task de-

mand changes have’ upon their proce931ng strategies. ,

e

13 : .
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.+ sure to ipdibidual differences in processing ability.

-

Few studies have been conduated which have\used

pupillary activity as an index of covert processes during
cognitive tasks with children or rétarded persons as subjects.
In one of the only studies which has done so, the effects 6f
arithpetic difficuléy on pupillary dilations in'normal and
retarded children abpe;red to support the feasibility of using

the pupillary resbonsé:a§ an empiri¢al means of studying indi-
vidual differences in cognitive proce$sing (Boersma, Wilton,

Bérham, & Muir, 1970). The present studies represent a Series

of propaedéhtic studig¢s to confirm the sensitivity of the mea-

~
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. GENERAL PROCEDURES C

Subjecté

All subjetts had relativefly light-c&lored irises
(blue,éreen,»or light brown) . Tﬁis restriction was neces-
éary because of limiéations in the data-gathering technique.
Maxi@al contrast between iris color and pupil color (black)
is Pecessar} to provide bgotographs éleqr énough to obtain

pupillary measurements.

Apparatus Materials

As subjects listened to stimulus brésentations, they

rested their chins on a padded, adjustable chin rest, and

V4

gazed into d.viewing box measuring 58cm X 60 cm X 68 cm, A

—~

Bolex H16 l6mm movie camera equipped with a 100mm macro-lens
and 15mm of exten;ion tubes is mounted outside the viewing
box on the left €ide with the lens protruding 1nto the box.
MOunted 1n51de the box is a small (10 cm X 16 cm) adjustable .3'
optical guality mlrror&whlch reflects the 1mage of thé sub-
ject's right eye into the camera lens. ?he camera is driven

by a 15 rpm electric motor at a film speed of two frames per
) »

second. A frame counter geared to operate directly from the

motor drive insures precise coordination of film frames with

.
‘

stimulus presentation.

%itranslucent screen covering one side of the v1ew1ng
box is 1llum1nated with two 15 watt fluorescent bulbs such

that the level of illuminaEion~at the subject's eye is approxi-

’ -~ Ly

mately 65 ftc. Thls level of 1llum1natlon is sufficient to

obtain clear photographs with Kodak Tri-X Reversal film at an -

f-setting of 2.8, -
. - 15
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A , Foliowing data collection, film was removed from the.
camera amd developed as negatives. A frame—by—frame measure—

"ment of pupll size’ was accompllshed in the follow1ng manner:

-

,'Us1ng a microfiche reader, each frame was magnlfled approxl—

mately 15 times actual size and the resultlng vertlcal dia-’
meter of the magnlfled pupil was measured with a m1111meter
ruler; Only those frames in whléh the sybject was looking

dlrectly ahead towards the center of: the screen were measured

Shlftlng of. focus to nearer points or darker areas w;thln the
viewing box results in artifactual dilation df the pupil.

b
Average pupil size during a 10~second perlod before RE32 ~

“‘ .
sentation of the*girst stimulus constituted a baseline measure-

_ment. Pupil sizes during stimulus presentation were converted,

to deviations (positive or negative)sfrom each subject's in-

PR

dividual baseline measure. In. order to compress'the pupillary

data, deviations from basellne were averaged every flve frames,
with no average belng made on fewer then three good measurements
»¥ . .
within the block df five frames (BFs) Pupillary dev;atlon.

scores wvere expressed in units of tenths of millimeters of mag-
nified pupil size. For example,-if a subject's baseline average
was 20.0 mm, and hisfbupil size. for the first blocﬁ of frames

»

was 21.5 mm, his first puplllary deviation score would be +15.

»

if his pupil s1ze for the.next block of frames was 18 é nm,

" his second pup}llary deviation score would be -15.

!
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Experiment I: A Developmental Study of Pupil Size During

R  the Presentation of Words for Free Recall

L d

el
L 3

15 tﬁe present study, analysis of pupillary changes during
the presenﬁagion of st%mulus materials were related to age and
. instructional'coadigiod using a éaskhsimilar to that,used by .
"Appel, Codper, ﬁcCafrell,.Sims—K;ight, Yussen; & Flavellz(l972).
, If ﬁhe pupillary evidence converges with the-owai:behayioralg
and inferential evidence reported'in that>stud9,‘older ciild-

-

ren should exhibit greater pupillary dilation in a condition
in which they are instructed to remember than when they are
instructed only to listen to the stimuli. Younger children

and retarded children, on.the other hand, should exhibit less

differences in dilation ag a function of instructional condi-

-
- .

tion. * This hypothesis is derived from theoretical considera-
f R e

L]

tions regarding both memory developmeat and ‘the nature of
puplllary changes during cognltlve taskss .
Method '

Subjects

.Thirty children enrolled'in publlc'school classes served
as sost‘Es for this study“ The three~e§perimental groups
were as follows: tenichildren (5 males and 5 females) from first-
grade classrooms, ten children (6 males and 4 females) £¥om
flfth—grade classrooms, ten children (4 males and 6 females) from
fifth-grade classes for the educable mentally retarded.

’ Means and standard dev1atlons of CA and IQ data are.presented

in Table l. IQ scores of the retarded children were taken from

4

s

. .\} o '17 ’ )
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Insert Table. l
here . ' o
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school records, and were all based on administrations of either

the WISC or the Stanford~Blnet. No score was based on a test

',”admlnlstratlon whlch was more than two years old.

|

Each subject was taken individually by the experimenter:

to the room where the experlment was conducted. After both .

subject and experlmenter were seated, the experimenter began

explanation of bhe task. . ; : )

Two tape—recorde% lists of nine words were presented °to.

-

each subjectfthrough«headphones at a ‘rate of one word every
five sedonds.’” 8oth lists consisted of familiar nouns, three
’ . . 7~ *

words from each of thr&e categories. List T words were hand,

* L

foot, ear, apple, orange, peach, plateq'spoon, and fork. List

IT words were bicycle, truck, bus, cak, pig; cow, belt, shirt,lh

and coat. The presentation order of 'words fgr each list was

.

pseudorandom and fixed, with the restriction that no two

words from the same category were presented %ucces31vely.

©

All subjects listened to two lists of wordss; one list

»

under a "remember" instruction,and one list.under a "listen”
instruction. The oxder of 1nstructlonal condltlons and spec1-.
fic llStS (? or II) -were counter—balanced over all subjects.
The two lnstructlonal condltlons were des1gned to be similar,

to those-used by Appel, Cooper, McCarrell, Slms—Knlght, Yussen;
and Flavell {(1272). One obvious differénce was that inasmuch

¢

as the present study 1nvolved an auditofy rather than a visual

I . . ' '
,‘-’ 18,;,._ ) & ’
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task, the instructions were "]1isten"” and "remember"‘ rather
than "look" and "remember". Instructions varied slightly

depending upon whether the supﬁect was in a remembér-listen

-

or a listen—remember group. Subjects in the. listen-remembexr

group received the following instructions: >

Listen: "I have some words I want you to listen to.
I want to know if you can hedr all thése words clearly.
After you've heard all of them, I'll ask you if you

could hear ‘them all.clearly.”

Remember: "I have some more words I want you to listen
to. This time, though, I want you to try to’ remember
the words you hear. After you've heard them all, I'll
ask you to tell me what words you heard."

Subjects in the remember-listen groupsreceived the follow-

’ 5
ing instructions: -

i Remember: "I have some words I want you to listen to.
I want to know how many of them you can remember. After
you've heard them all, I'll ask you to tell me what .words

you heard."

Listen: "I have some more words I want you to listen to.
This tlme, though, I )ust want to know if you can hear all
of the words clearly. I'm going 'to use these -words- with,
some chlldrenl and I want you to help me check them. Af-
ter you've héard them all, I'll ask you if you could hear

them all clearly.

-

All subjects were pretested for their understandlng of
each of the two tasks. For the listen task, the sub)ect was

giﬁen an instruction to’ listen, and was given two short trials

of three words each. On trial one, the experimenter presented

_two of the words clearly,’and one word was spoken in a barely

audible whisper. -On trlal two, all three words were spoken

. clearly. JIn order for a éubject to pass thls pretest he was

requlred to answer correctly the question, "Could you hear all
the words clearly’" ‘for both trials. For the remember task,
the sub]ect was given an 1nstructlon to remember, and was glven

- N
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one trial of three words. The requirement for passing this
pretest was the correct repetitiqh of all three words when
asked to -recall them. No subjects were excluded from the

experiment for failure to pass the pretests. T -
! ' Upon completion of the pretests, each subject's head
was allgned ‘precisely on the chin rest such that the rlght
. eye was within the camera's field, and the proper experlmental
. v
instruction was glven. In addltlon, subjects were 1nstructed
to hold their heads as still as posslble and to look at the

.

cross in the center of the screen as they 11stened_to the yords.
The camera motdr and the'tape recorder were switehed on,
simultaneously, and both were switched off at the completion
- of each lish. Following presentation of each lisé,‘recall
for the words was.tested. For the listen conditioh, in whieh
" no instruction to reﬁeﬁber.was given, the expefimehter said)

"I know,I didn't ask you to try to remember what the words

were, but just’ for fun let's see if you can remember any of

Y

them."

Because eventual analyses'of-pupillary data were based
on natural logarithm (loge) transﬁprmationss a constant was

added to }11 pupil size deviation scores to convert them to

-
-

pqsiéive numbers. S{hce word presehtation‘for each lis; lasted

45 seconds ihine words; one word evefy S,seconds), and film

-~ speed was twelframes her second, for each list a subject's
pupil was photographed 90 times dufin§~word presentation. Aver-,
aging every five-frames,this figure was reduced to 18 pupillary
deviation scores per subject. *Tho other indices of-pupillary

i @gct1V1ty were used. Since all subjécts showed initial dilation

Y '(pos1t1ve puplllary deV1at10n scores) durlng word presentatlon,

290 ;
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the magnltude of each subject's greatest initial dxlatlon, and
(

: " the time to that flrst»dllatlon‘"peak“'were measured. .

Results

In order to achieve the desired sample of 30 subjeots,

10 in_ each group, a total of 47 subjects were tested "of these/
pupillary scores from 17 subjects could not be used for various

reasons. In some cases, too many fllm frames were unscoreable

*

because.subjects did not follow instructions to gaze at the

center of the screeh during word presentation. In-other cases, - -

excessive head movement caused hlurring of film,or the head
was moved forward or backward out of the camera's range of £6-
cus. The criterion set. for dlscardlng ‘subjects' data~was this;

if 30% or more of the film frames were judged unscoreable by

] either of the scorers, that subject S puplllary measures were
el -
not used. Of the 17 subjects whose pupillary measures did not

meet that_criterlon, nine were from the first grade group,
. . threé were from the fifth grade group, and five were from the

retarded group. Mean recall scores for the whole (N=47) and

the restrlcted (N-30)‘samples are presented 'in Table 2.

~ J
—— ——_—--—_---—_——_——_.——-—

' .o Insert Table 2 .
. - about here

_— ~
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To determine ‘the effect of excluding subjects on the recall

scores, mean sCores were compared with t- tests by group and

. condltlon. Since no 51gn1f1cant differences were found, only

the recall scores of the 30 subjects in the restrlcted sample

4

P

were 1nc1uded in subsequent analyses.

Recall Data .

.

A 3(Groups) X 2(Instructlonal Conditions) X 2(Oxder of

‘21
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° ‘ ¥ -
, of words-recalled Whi;e no si nificant main effects were re-

.

.
——————— - s o e e . \

.Degree of clustering was assessed with the following index™"

. ) ’ ‘0 - L3 >
which\relateﬁjthe amount ¢f clusterimg exhibited to the amount

A

umber of wordé recalled:

ber of common category words

¢ possible relative to the

blustering n . ,
. .+ index . juxtaposed in rec;ll X 100
‘ toftal number Qf words®recalled L7
R AV

¢

" For exémﬁle, if fivg words wefe recdlled, a clustering index
of 100 would require all three wordd from pne category and two -
- ' of the words from an additional category juxtaposed in .recall.

.The éffects of experimental conditions on clustering

. . Y —

were determlned by means of a.3 4Groups) X 2(Instructlonal Condl-
tions) X 2(Order of Condltlons) analysis of variance. The onlyo

51gn1f1cant effect was the Group main effect: (F = 5.37, .2/24 daf,
'< .05). No other main effects or interactions were 51gn1f1- :

-

cant. Inspectlon of the group meams presented in Table 3 shows
= that cluéteriﬁg:was greatest in the first grade group, followed
by the retarded group, and the fifth grade group. Since no main . Lo
effects or interactioné involviﬁé the factors of Instructional

Condition or Order of Conditions were significant, means in




. - . . \ .

AN . .
« Table 3 were.collapsed over those two factors. -

¢
. The degree of cumulatlve recall was assessed with the’ follow-

.
. ~

.ing index which is similar to the clusterihg lndex-

.

- number of success1vely presented

Cumulative _ words juxtaposed in recall X 100

Recall Index total® number of words recalled

’ ’ A 3 (Groups) X 2 (Instructfonal Conditions) %’2 (Order of Qondi;
tions) analysis of variance was:performed on the_cumulative recall
. _scores. As in .the c¢lustering analysis,,only the Group main -~

<

effect was significant (F = 3.73, 2/24 df, p < .05). Referral to’
[ . ‘

. ~

Table 3 reveals that the cumulative récall. scores of first grade

L4

subjects ‘were considerably lower than the scores of the other

-t

two groups.
. The final analys1s performed on recall .scores was a 3(Groups)
’ ) X 2(Instructlonal Conditions) X 2(Order of Condltlons) X 9(Ser1al
Pos1tlon) analys1s of variance. The only s1gn1f1cant effect . »
: revealed by this- analysls was the.main effect for Serlal Pos1tlon

14

(F 6. 27' 8/192 df, p < .001). Two effects which approached

significance, however, were thq main effect for Group (F = 2,91,

2/24 df, p;( .10),” and the Instrqctlonal Condition X Serial
position interaction (F = 1.72% 8/192 df, p < .10). Figure 1
represents serlal pos1tlon curves by droup and 1nstructlonal

condltlon. The curves demonstrate a strlklng primacy effect

o and a much less pronounced recency effect for each group and
both conditions.

. ) PR Insert Figure 1 . : o
' about here —
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Pupillary Data . - ’ S ,,.; Come ;f:” N

s ". . LY R |

. Rellablllty of measurement of pupli size. from 1nd1v1dual

» £film frames was determlned by hav1ng two scoreers obtain mea=:

.

¢ o

- surements 1ndependently for the flrst five sub;ects.A Whlle

« neither scorer was naive to the general de51gn and purpqse”qf
£ ‘S -"‘
the experlment neither scorer was aware of the lnstructlonal

condltlon for the frames belng measured Based on a correla—

’ N ‘. « . w

« tion of measurementF forethe first frve subjects (5 subjects .

-
- -

X 18 blocks of frames/subject = 90 measurements), rnter~scorer —

. R . »
.’ h . .

» S
- L)

. acreement was + 72. -

After the initial determlnatlon of measurement rellablllty,

one scorer measured the fiim frames for the remalnlng'subjects, -

0 . I

»

.
- .

In an add1tlonal attempt to insure rellabllltg of measurements,.-

~

aSSessments of 1ntra~scorer c0n51stency were obtalned by hav1ng

-
.

T ~each scorer 'S lect one subgect s puplllary data for the other.

scorer to measure a second time. Intra-scorer agreement was

»

- + d6 for scorer l and +.89 for scorer 2, - - ) ’ v ' ‘

-

Mean pupll 51ze over the 20 frames 1mmed1ately precedlng

' the presentatlon of—the flrst word constltuted a baseline score ;'

! g

- for each subject. Baseline pupll size means by group and condi-

v o* .

tion~a§e presented_ln Table- 4. .

N »

»

. Ld

leferences between meana'as a functlon of group and condi-
— e . .
tion were - assessed with t- tests. No 51gn1f1cant differences were

. -~ (
-

TN revealed when ‘baseline pupll size was compared “for the two instruc-

v

tional conditions w1th1n groups. Since no differences wﬁfhln groups

v o

Q as a’ functlon of condltlon existed, these means were collapsed

B 24
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across Londltlon, and tpe overall" group means were companed The.

overall flrst*grade mean (X = 2.93, SD = ,23) was 51gn1f1cantly

greater than both the overall frfth- grade mean (X = 2. 71, SD- 10)

(t " 4,40, 38 df, p. < .001) and the overall MR méan" (X = 2. 67,

o

.423 ft = 2,36, 38 df p~<«.05).- The f1fth grade mean and

the MR mean did not dlffer °1gn1f1cantly. «

v

-The initial pupll~51ze analys1s was performed on dev1atlon —_—

v
>y

scores over the 18 blocks of frames in each condition. Neither
N * ' .. ° .
of the predicted interactions invOdlving groups and conditions

.
’ ! . . M ’

were significant 1n thls analy51s. All variances, howevér,‘were

[y

.

found to be widely dlscrepant and the assumptlon of homogenelty

of variance did not seem warranted (F max - 84.30, 9/108 df)

Natural logarlthm (log ) transformatlons were performed

on the pupillary measures. This procedure was Justlfled in

llght of the finding with respect ta heterogenelty of v iance.

~'Prev1ous 1nvest1gators have treated puplllary data, 1n a 51m11ar'455'

.'fashlon (Boersma, Wilton, Barham, &. Mulr,.l970) Since in some

cases pupillary deviation scores for blocks of five frames were
negative, a constant of 50 was added to each meagurement to en-
able ‘the transformations to be made.-

Insert Figure 2 about
here

Flgure 2 shows changes in log dllatlon over the course of

word‘presentatlon for the three groups. A 3(Groups) X 2(Instruc-

'tlonal Condltlon) X 2(Order of Conditions) X 18(Blocks of 5 Frames)

-~

analy51s of variance was performed on transformed pupil size scores.

’ Slgnlflcant effects were found for the Blocks of Frames main effect

25 . L !




{F=2.87, 17/@08 df, p < .001), the.Groups X Blocks of Frames

interaction (F = 2.11, 34/408 at, p <. 001) , and the Groups

- .

X Instructlonal Conditions X Blocks “of Frames 1nteract10n ‘ .

(g"= 1:§5§ 24/408 df, p <:.05)., in additlon, both the Instruétional .

~

Condition main effect (£ = 3.83, 1/24 4, p <. 10) and the

Groups X Instructlonal Condltlon 1nteractlon (F = 2. 48 2/24 dﬁ,

‘r

.< 10) approached s1gn1f1cance. - Ll

-

It is apparent that the patterns of puplllary size over

the course of word presentatlon were dlfferent for the three

f

groups. For the flrst grade group, a sharp. 1n1t1a1 dllatlon'was

‘_followed by a slzeable decrease in pupll size after the presenta-

] tion of three ar four words.. The decllne is greaﬂer in the Re-

.
member condltloﬂ, as pupil size decreases at one p01nt to a level

" lower béan prehpresentatlon baseline. The fifth grade group s

pupil size pattern 1s;qu1te different. Although some varlablllty
is evident, a fairly consistent level of pupil size is mainfFined
over the course of word. presentation’in both conditions. The .

. ' o : .
pattern of-pupil size of the retarded group is similar in some

respects to that of the first-grade group, in that an initial

- dilation is. followed by a decrease in pupll size. . The two pat- .

-

terns differ, however, in that the rate of dllbtlon is consider-
ably slower for the retarded group, and the 1level does not begin

to decline until around six words (12 blOCkS’gF frames) have been

~ ¢

presented

All sub)ects showed an 1n1t1a1 dilation when word presenta- '

-

tion began. ‘Table 5 presents means by, groups and conditions for

magnltude of first dllatlon "peak" li.e.,- the p01nt at which pu-

pil size first ceased to 1ncrease). Mean latenc1es, or times to’

L 4

first dilation.peaks are also presented.

. 20 .

.
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.~ A 3 (Groups) X2 (Instructional «Conditions) X %iprder of

Conditions) analysis of variance based on magnitude of first
>

dllatlon revealed a s1gn1f1cant ma1n ‘effect for Group (F=ll. 16

-

2/24 df, p <.001) and a s1gn1f1cant Group X*Instructlonal

Condltlon 1nteractlon (F 7.27, 2/24 QE« p <:.01).E,Inspect10n'

of the mean log dllatlon scores presented ‘in Table 5 shows that °

[

while degree of dilation was greaqest for the first grade group,
. . /

the difference in dilation as a function of instructional condi~- "~ *

’

tion was greatest for' the fifth grade grodp.

A3 (Groups) X 2(Instructlonal Conditions) X 2(Order of

-

Condlﬁlons) analysis of va;!ﬁnce was performed on latency, or

time to first’ dllatlon peak. The only s1gn1f1cant effects

-revealed by this analysis *were the main- effect for Instructlonal )
c Condltlon (F=4. 49« 1/24 df, p <. 05) and the Order of Condltlons.
. . X Instructlonal Condltlons 1nteractlon (F=7. 02 1/24 df,. p < .05).
Since large error terms in the orlglnal analysis for pu- .

pil s1ze differences su%gesqrd substantial between-groups variabi-

=Y

¢ lity 1n pupll size, it was decided to determlne if any group

L

d}fferences in varlab lity existed. Standard deviations of un-
*‘ L] -
transformed (byt with

onstant added) pupil deviation scores -

culated for:eabh subject. The average

L IR (18 per subject)
e . standard deviations for-the three groups were: first grade, 11.14;-

.f( L L flfth grade, < 74~ retarded, 6.26. Analyses of these differenCés;;
- ’ o ; . )
were- assessed by - tests which revealed s1gn1f1c&nt differences

’ -

.-
— N, ’ 2
PR AT

T T “ - Tin- varraﬁ'llty between first grade and f1fth grade subjects
nlj; N e 48 '8 4f, p. <T$0%?‘and bgtween first grade, and retarded

‘\—_ , subjects (t = 2.65, 8 df, 'p <&4057, but no 51gn1f1cance dlffer-

ence between flfth grade and revealed 51an1flcant d;fferences -

: in varlablllty between first grade and fifth qrade subjects

. _27a




(t = 2.48, 8 df, p <.05) and between first grade and retarded '
subjects (t =.2.65, 8 df, p <:.05), but no significant differ- .. -

ence between fifth grade and retarded subjects.

-

: Discussion
'\ ’

It must be concluded that these results support the hy-,

t
. pothesis that deliberate memorization only gradually emerges as .

a type of encounter with information which is separate from
perception (Appel, Cooper, McCarrell, Sims-Knight, Yussen, & Flavell, -

1972) "Younger children and retarded children remembered a com-

)

parable number of words under 1nstructlons to remember and rnstruc-

ot " .

tions to listen for clarity. Older children, on the other hand,

»

remembered significantly more woxds in the remember condltlon tban
in the listeﬁ.éondirion.‘
Consideration of clustering, cumulative recall, and serial

position data suggests some possible explanations of the differ-

- -
[

ential effects of'inséructional conditions for the three groups.

o /
While there was more clustering‘in recall by the first grade B

group than for any other group, fifth graae subjeete' mean cumu- _

lative recall index was greater than that for younger subjects.
Ll . -

This finding indicates that the older children werg possibly us-

ing cumulative. rehearsal stratecles durlng achLSltloﬁ to a much
¢ ? - )4'1 ’

¥ ,?

greater degree, thah were "younger chlldren.at ' -;'; .

Whlle the finding of less clusterlng W1th,age is 1n con- B
flict Wlth the majorlty of developmental studies of clusterlng,
several studies have: reported failures to find 1ncreased clus-

tering with age (Rossi & Rossi, 1965; Rossi & Wittrock, 1967; 5

Schultz, Charness, & Berman, 1973). At least part of the die—

28 '
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crepant fipdings with respect to clustering may be due to the

use of different indices of clustering used by different in-
yestigators. Bousfield's clustering index (Cohen & Bousfield,
1956) is an index which is used widely, but it is perhaps in-

appropriate in developmental studies. The use of children as
- - . ] :

subjects in free recall tasks usually requires-a short list with
few categories and few items pet Qategory,'but Bousfield's mea-
sure underestimates amount of clustering when few categories

and few items per category ate used.

Another possible source of the discrepancies in the lit-

Il -~

erature concerns the way in which items are ‘presented to the
subjects. Successive versus simultaneous presentation may eli-
cit different acquisitional strategies, since in one case (si-. .
multaneous) the subject has access to the en:i;% set‘of stimuli | .

from the beginning, and in the other case (sdcéessive) he does’

»

not. In the Appel et al.‘(l972) study, two experiments'were
reported, one involving successive and the other involving simul-

taneous presentation. For the simultaneous task, older children

-

wére found to cluster much more than younger children. On the
- v

' successive task,, the finding was that the clusterlng scores of

older and younger groups were more slmllar. ‘The present finding
2
of more clusterlng‘by younger subjects could be due to the fact

that the clustering 1ndex used in this study provides a more

llberal estimate ofvclusterlng than does the 1nde§ used by Appel

o—f

et al. (1972) when the number of words recalled is relatlvely

+

-

- few.

The puplllary data, like the recall data,. seem to support .

-

the dlfferentlatlon hypothes1s. As 1nd1cated by the slgnlflcant

-

interaction of Groﬁps X Conditions X Blocks of Frames, the groups
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pupil size patterns were different over the course of word pre-

sentation for the two instructional conditions, Likewise, the’

differehttation hypothesis is supported by the significant Groups

X Conditions interaction found in the analysis performed -upon

first dilation magnitudes.

st

In the first grade group, there was a tendency for pupil

-

’ ) size in the Remember condition‘tq fall below that in the Listen

condition after the pfesentation of three or four words, A simi-

lar rapid decrease in pupil size has been reported when adults

were presented tasks which taxed their ability to process the

information presented (Peavler, 1974). The hypothesis suggested

by these results is that first grade subjects may have found the

task too demanding or confusing after the presentation of several

words; and subseguently suspended whatever efforts they were di-

recting toward acquiring the information.- The sameﬁphenomehon

-

may have occurred in the retarded group, sinceé their mean pupil

.

- size also decreased, but after the presentation of around six,

-

"

v rather than three or four words.

Even though the pupiliary results lend some sqpport to

."  the differenwiation hypothesis, they do not clarify the problem - X

- of 'knowing precisely what kinds of acquisitional strategies sub-

jects were us1ng. Kahneman{has suggested that in ordér. to make
- :

spec1f1c 1nferences from pqplllary data, the iﬁ%estlgator must
¢

“ have a theory of what the éubject is doing durlng the course of

the task (Kahneman & Wright, 1971). 1In other words, subjects

may engaée in different cognitive activities durlng almost any

particular task, and the pupillary response reflects this am-~

'

biguity wherever 1t ex:sts. In the present study, some inde-

pendent evidence suggests that subjects were using at least

30
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two different strategies (cumnlative recall and conceptual clus-~

tering). It may be most accurate in this case to maintain that

/ . A

patterns of pupil size were reflective of cognitive effort in
géneral rather than of particular cognitive strategies. This
interpretation is one which can incorporate the failure to dis-
.cover any Signifieant interactions involving instructional condi-
tion for the clustering and cumulative recall measures. Instruc-
tional conditions nay have had their greatest effect'on moti- '
vation, or the propensity.to exert directed effort towards remem-

bering the .lsit and a lesser effect on the particular ‘type of

1

acquisitional strategy used.

With respect to the contribution of the results of the
present study to the understanding of nature of memory processes

in retarded persons, seberal points can be made. The recall per-

formance data indicate that the retarded éroup'f recali was more
similar to that qf the first grade group than to that of the
fifth grade group -- their CA peers. Inspection of the serial
position curves, and the clusterlng and cumulatlve recall scores,

however, indicates more similarity between the retarded and the

fifth grade groups than between the retarded and the first grade

groups. This result suggests .that while retarded subjects may

kS

have been,using acquisitional strategies similar to those used
) .

by their CA peers, their use of those.gtrategies may have bien

less efficient. The retarded subjecté thef, may have chosen _

f

approprlate acqulsltlonal strategies, but were unable to apply
them as eff1c1ently as their CA peers, and were unable to dlffer-

entiate their use aof-the strategies as a function of task demands.
W . .
Fifth grade subjects, on the other hand, were able to bath choose

rd

appropriate strategies and to apély them efficiently in accord

04




-
- <
-

‘ *with the requirements of the two tasks.

< L The measures of variability of pupil size during word

presehtation may be indicative of the consistency "of effort

v

distribuﬁéd éver the span of presentation. Variapility was re-
' lativeiy é?eqt ébr the first grade group; and this inconsis-
tency may be reflective of their inability.to genegate sustained
effort in the fof@ of application of acquisitional strategies;
"The fifth grade and:retardéd groups showed' less variability,
sﬁggesting fha; they ﬁére mbre able to exert directed sustaiﬁed
effort, although fifth_érade nonretarded subjects' efforts re-

sulted in more efficient use of the acquisitiognal.stxategies cho-

sen.
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Tabl€ 1 %

CA and IQ Characteristics of Experimental Groups

[

CA (yr.-mo.) ‘ i 1Q

> -

Group - N : Megn SD " Mean SD

g 1st Grade 10 6- 7 2.12 .
. N : ‘ -
‘5th Grade 10 - ) 10-11 5.87 ° ) .

[ -

*“EMR (S5th Grade)-- 10 11-10  8.85 . 67 7.72 Cs
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. Table 2

Number of Words Recalled

Restricted Sample (N=30)

.lsg Grade (n=10) 5th Grade (n=10) MR (n=10)
Remember Listen Remember Listeﬁ( Remember Lisgen
Mean 340 2.70 5.50 - 3.40 3.80 3.90
sD 1.17 1.57 1,18 2.32 1.9 1.45
Com;lete Saﬁple.(N=47)‘ ’
_Est Grade (n=19) ‘. Sth Grade (n=13) ’ MR (n=185)
Remeﬁ%er Listen 'Remember ListeA . ‘Remember Listen
Mean 3.7 2.84 .56 3.38  -3.53 °  3.67
SD LT s 1.05 2.10 "1.46 1.40
. {
-~ B
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Clustering and Cumulative Recall Scores

Table 3

;Q.r
3.

>

i
Group

1st Grade

5th Grade

B o=
- X
Clustering “
. SD
A
Cumulative X
Recall

. ~ sp

58.20

64.0é

5.80

14.

51

23.60
36.21
25.45

28.02




Table 4
Baseline Log. Pu.pilb Size ' -
" 1st Grade . Sth Grade ‘ MR
Remember Listén  Remember Listen R'emerp_ber Listen
. Mean 2.90  2.97 © 2,0 .2.72 - 2.60  2.75
*SD . . .31 . .13 .11 .11 ) b4 .39 .
A2 J R
) -' -
. \
[
. ’ .
7oy M :'j ¢ y
e o P . 2y
. -




Table 5

-

I3
b

Magnitude and Latency of First Dilation

»

w

Group

9.50

>l

L 3 Latency,
) " 1st Dilation
(seconds) SD  4.38

" 1st Grade
- R L
\Magnitude, . X 2.90 3.25
. -1st Dilation o ’
« L. (log,) SD .65 .24

9.00

4.59

. 5th Grgde
R L
2.87 2.22
042 d74

. 10.00 22.00

7.82 - 18.29

1.99

..52

'10.50

6.85

2725
.50
15.00

17.00

~
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Figure Captions
<

! 3

Serial position curves.

.

’

Figure 1.
Figure 2. Change in log pupil size by group and condition.
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pgperiment_II: Pupil Size Changes of Retarded and honretarded
Adolescents During bi;it ﬂemory Tasks.
“ ‘ ) -
LT ‘. Experiment II was designed to assess the sensitivity,of pupil
size meastrement to differences in processing of digits. Digit
'/memory has been frequently studied in retardéd populations ie.g.
Ellis, 1970), and poor digit memory\is almost always found to
_ﬁcgmary with low IQ. According to Ellis,(l970) interpretation’ of -
poor digitnrzcallw%? retarded subjects, deficiencies in digit ]
- recall performance are due to’failures to rehearse digits activeli
as_they are presented If pupil size changes are reflective of

\\ﬁwtive cbgnitive processing, patterns of pupil sizg changes should

be different for subjects ‘who _perform well on dlglé recall tasks

and those who perform poorly. . . .

S B

An additional aspect of Experiment(II concerned an attempt
> / { v .
to replicate one of the outcomes of Experiment I. 'Seme evidence -

for differentiation .of processing between the.Listen'and Remember

L,

cghditions was found in Experiment I for the older subjects. Ad-~-
ministrati¥on of digit memory tasks under Listen and Remember con-
ditions in the present experiment provided a further test of the

differentiation hypothesis. Both'retarded and nontretarded groups,

were expected to differentiate their procedsing-efforts as a

s
function of pre-task instruction. In order to .increase the ualidity.

’ v

of the Listen instruction, three consecutive trials were adminis-
tered in that condition, followed by three trials with a Remember

- .
Ed

instruction.




Procedure

o ‘ :
. - - N B - N

. . : ’ . . o o . , e .
« Subjects listened to taped six-digit strings (one digit every.

) two seconds) uqser ‘two Anstructional condltlons, an instruction

<

only to lléten to’ the’ dlglts (L condltlon), apd an expllc1t in-
struction to try'to remember the d1g1ts exactly as “they were heard

f C. . °
- IR conditjon)! Each subject' first listened to three consecutive
. Lo . - = .

13

digit strings under the L condition. Instructions to & subject

. before trial Li were as follows: "You are going to hear some

numbers. I want you to listen to the numbers, and after you lis-

ten, I want you to tell me if you could hear them clearly. Do

&ou understand? 0.K., lets begin." Before trials L2 and L3,

L . N

‘tpe experimenter said, "Here are -some more numbers. See if you
can Hear'Egege numbers clearly." Following trial Lj, subjects
received an unefpected recaltl test.. The experimenter said, "I
know I didn't ask you to try to remember what:numbers you heard,‘
but can you remember the numbers _you just heard’ Try €0 remem-
ber then ‘exactly as-you heard them. ) Thelexperlmenter then te~-
corded the subjec@'s*report of recalled digits.' Before the

beginning of trial R,, subjects were given the following instr—.

< e

" uction: ~"I'd like.for you to listen to some more numbers: .This
| time, after you hear each group, I will ask you to tell 'me exactly

what numbers you heard. Try to'remember,them.just as you hear

i

them. Do you'understand? 0.K., lets begin." Following Trials

-~

L

and Ry, EUbjects' recall of digits were recorded.

o

Rll' 2[

A procedpre for scor1ng d1g1t recall was developed which gave

cred1t for digits cbrrectly recalled as well as credit for order

of recall. The scoring criteria.were as followss 1 point for

each digit correctly recalled ( six points possible), one point ‘

43 ‘
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for each pair of digits in correct order (flve points p0551b1e),

-

and one point for each injtial or terminal dlglt in proper-

’

position ( two points poss1ble ). Maximum digit recall score ~

poss1b1e, then, was 13. .,

2

During all digit presentatlon trials, pupil size was photo-‘

graphlcally monitored. The camera ran continuously for 39!‘
— P
seconds (two frames/second) .on each tr1a1 Three separate

phases of each trial were identified: (1) Pre-Digits Baseline
Phase: 10 seconds immediately preceding the first digit,

(2) Digits Phase- 10 seconds during digit presentation, and

.

(3) Post-Digits Phase. 10 seconds immediately followiné pre-

sentation of the sixth digit 'in each string.

Subjects . ' ST
: -

-

Ten- students from an EMR classroom and eleven students

‘from a regular classroom in the same high school participated

in the study. iQ-scores for the EMR students was obtained from
their records, and each score waS'basea on an adﬁinistration

of elther the Stanford -Binet or WISC not more ‘than two years
prior to the date of the present experlment. Mean IQ for the
retarded group was 68.Gd (sD=11.46). Subjects from the regular
¢lassroom vere administered the Peabody Pictnze'vhéabuléry Test,

. - )

and a mean IQ of 90.90 (SD=11.57) resulted. The two groups
wete_matched for CA. Mean CA' for the retarded group was 219. 00
mo. (SD=12[61 mo;)} and mean CA for the nonretarded group,was

217.09 mo. (SD=7.90 mo.). The grouns were not equally consti-

tuted by sex, as the sample was comprised of 14 boys and 7 girls.

Results

Digit recall performance for the two groups is 111ustrated

44




Insert Figute One
R T ,About Here .

4n Figure.l. A 2(Groups) X 4 (Trials) analysis of. variance per-

rorned on these data resulted 1n 51gnlf1cant main effects for
Groups (§é45.36, 3/57 df, p <:.001), and a significant Groups

X Conditions interaction (F = 7.04, 3/57 df, p é:.DOI). For

-

both retarded and nonretaxded groups, Tukey multiple compari-

sons indicated a significant (p < .01) increase in recall per- 4

formance on the first trial under the intentional memory in-

struction'(Rl). when additional comparisons were made between
performance on intentional memory trials (R2§R3) and perfor-

mance on the incidéntal trial jL3)y it was found that by trial

R;,-recall by retarded subjecﬁs was not significantly better
than their recall on trial Ly. As is indicated in Figure 1,

performance by nonretarded subjects gradually 1mproved across'

intentional memory trials, while that of retarded SubjeCtS
Geclined. A further breakdown of the significant Groups X

Conditions interaction was performed by conducting Tukey com-

parisons between groups on each trial. Those analyses showed

~that only on Trial R3 did the difference in performance be-

Y

‘tween groups reach significance (p <. Ol)

Pupll size data were analyzed for eight subjects in each

gsoup. Data for a total of five 'subjects had to be excluded

due to an excessive number of unscoreable frames.
The procedure of averaglng pupillary deV1atlons from base-

e. blocks off frames (BFs) de-
. o ]

ed in the general procedures section was followed in the

line over five frames to constitut

scrib

present experiment. ‘For every trial, each subject'!s data con-

51sted of an individual baseline mean pupil size (averaged over

Athe f1rst four BFs), four BFs dur1ng digit presentatlons (digits

phase), and four BFs immediately follow1nglpresentatlon of the

. | 45 ' ,




:last digit (past-digits phase;.
The first analysis perforrmed on the pupillary data was

a 2 (Groups) X 2 (Conditions) X 3(Trials) X 2 (Phase) X 4 (BFsJ

split-plot faetorial‘analysis of variance with the Groups fac-

tor as the sole between-subjects factor (Kirk, -1968). Signi-

- -

ficant effects were revealed only for two higher-order ihter-
'actiOns, the four-way interaction involving Groups,'Trials,
Phase, and BFs (E ='3.00, 6/84 df, p <.05) and the ﬁive;way

; ' :
interaction involving all factors (F = 2.35, 6/84,df, P <:.05):
To simplify interpretation of these complex interactions, se-
parate analyses of variance were performed on pupil size data
for the ‘Digits and Post- D1g1ts Phases broken down by individual
trlals.. ‘For Trial 1 data (L vs R ) durlng the Digit Phase,
the only slgnlflcant effect.was the Cond1t1ons X BFs interac-

<

tion (F=5.74, 3/42 df, p < .005). Figure 2 suggésts that this

: [y

——— o ——— ———— " —— ——— O = =

f - Insert Figure 2 D
- : about here i

interaction is due to gradually increasing pupil size for both
groups in the Remember Condltlon d@er trials, accompanled by
a general decrease for both groups 1n the Llsten Condltlonx
No significant effects were found for Trial 2 data (L, vs R2)
For Trial 3 data (L3 vs Ré?, a s1gn1f1cant main effect for
Groups (F = 8.71, 1/14-Qf, P <:.05),during the Post-Digits Phase
indicated greater pupil size for the nonretarded group.

Since the "Listen" 1nstructlon should have attained maximum
credlblllty by Trial Ly, a comparlson of pupil s1ze change=

between Trials L3 and Rl was of con51derable interest. For that

comparison, a significant Conditions X Bfs interaction was

' 46 -
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. -

_found for both the Digits (F=4.60, 3/42 df, E.<f.oij and the
Post-Digits Phase (F = 2.83, 3/42 df, p <:.Oé).' .
Discussion

Considering the digit recall data first, it is evident that
while both groups of’ subjects demonstrated differentiation of
effort for the two instructional conditions, Group differences
are evident for performance of the task aeross trials. While "
nonretarded subjects' perfornance was found to improve over the -
intentional memory trials, the performance of retarded subjects‘
declined over tnose trials to the point that their.performance
was significantly poorer by Trial R3. Since one' would orai-

.

narily expect improvement over trials.on the same type of task

-

as a result of-practice, we might suppose that the retarded sub-

‘ jects were losing interast in the task and investing less and

N
‘. . . o

less cognitive effort in trying to rehearse the digits actively

-

during presentation.

With regard to pupillary data, the result of most interest
- is that th only significant effect involving the Groups factor
was foundfin the Trial 3 analyeis."That is, the significant ]
Groups difference on Trial R, obtained.in ‘the analysis of digit ,
recall performance apnears to have been paralleled by a similar
Groups difference when pupil size data were analyzed.
: The pupillary data were expected to teﬁiectwdifferéncee
as a function of instrnctional condition, dince such differences
.were found for the digit recall data. While'some.evidence was
found to support that expectation (significant Conditions X
BFs interactions in three of the analyses), pupil size differ- -
ences as a function of instructional condition were not found

« -
.
’7

consistently across trials.
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Figure 1 Digit recall scores | -
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Figure 2 Change in pupil size s
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General Conclusions - .

-~ .

The prirary purpose of thcse studies was to determine the

cffectiveness of pupillary measurcements as indicators of covert

. - .

cognitive processes in retarded and non-retarded children. Since- .
. - . |

so little rescarch of a similar natuxe had béen-dore with child-

‘ren as subjects, it was decided to collect pupillary data- while

(&4

.
children perfoiméd memory tasks which are fairly common in de-

»

velopmental research. A necessary condition for making conclu-

ions about the worth of puéillary measures was that the memory

)

results conform to a lsrye degree to those resvlts opbtained by

- -
-

provious investigators. '
; . . S
In both Uxperiments I and II, this necessary condition was

*sified. The confimation in Pxperiront I was that older child-
. ‘¢
' ren rameﬂbgrod moxe words glvon an instruction to renenber them

53

Lhan they di d when given an imstruction merely to listen to the

words. ' Younger ‘children and ‘retarded childrans’ rncall dld roL

EN

. differ in the i{wo conditions. Tius the major rasulg obtalned-

py Appel et.al. (1972) was rcplicated. In Experiment 11, the
coanr.PfJon was that intentional d1alt mcmory was greater for

nonretarded than for retérded subjects, a {esult oktained in a. -

great ﬁ&mber of,invqstigationé (e.g. Ellis, 1970). T
with thesé neceséary conditions setisfied, the assumption was’

. * : N - 2 N

_ _ that relatively unambiguous inte;pnot&t}pn of pupillary: measure ’ \
oL could be ;ade. 'Since much resea;ch inéiéages that developmental

memory differences’are due to differential use of active process-
] ‘ ) \ ! ’
+ ing stratcgies (e.g. Flavell, 1970), and since bthe rcsults of many

. ’ \ ] )
' . studies done with adults indicate that pupillary méasuros can -
v . . "
S ™~ reflect cogn1t1ve avtlvaty (e. +g. Goldwater, 197?), dlfvorences ’
. \ - in pup111ary measures’ were e}pecbed to parallel memhry dJ'fer—
O . ’ . ) \J‘ .

<
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SnRCes fotnd-in the present experim: nts.

Eblle the rupillary data are sucges lee in sevcral recPects,

H

a close co:;cvxorrcnce with rprall Aata was obtained 1qane1ther

cxporirent. A major problem may have been the relatlvely low

pewer of the »Ldtlstlral teclhniques cmployed.