
DOCUMENT RESUME

ED 050 424 CG 006 431

AUTHOR Wolff, Peter; Wilder, Larry
TITLE Visual and Auditory Memory in Children. Report from

the Project on Variables and Processes in Cognitive
Learning.

INSTITUTION Wisconsin Univ., Madison. Research and Development
Center for Cognitive Learning.

SPONS AGENCY Office of Education (DHEW) , Washington, D.C.
REPORT NO TR-155
BUREAU NO BR-5-0216
PUB DATE Mar 71
CONTRACT OEC-5-10-154
NOTE 15p.

EDRS PRICE
DESCRIPTORS

EDRS Price MF-$0.65 HC-$3.29
Children, Cognitive Processes, Learning Processes,
*Mediation Theory, *Memorizing, Mesary, *Recall
(Psychological), *Retention, *Stimulus Behavior

ABSTRACT
In the serial position memory task, a series of

stimulus cards are placed face down in a row in front of the subject.
A card identical to the stimulus card is then shown to the subject,
who is required to indicate the position of this card in the stimulus
array. The present three studies investigated the possibility that
the labeling effect found with children is at least in part a
modality effect similar to that found with adult subjects. As in
previous research with subject-produced labels: (1) addition of the
label facilitated performance only for the recency portion of the
list; (2) this effect did not vary systematically with age; (3)

memory for the first serial position improved markedly between the
ages of 5 1/2 and 6 1/2; (4) labels alone were superior to pictures
at the end of the list, but pictures were r%uperior to labels at the
beginning; and (5) combined picture and label presentation appeared
to follow the curve for pictures at the beginning of the list and
that for labels at the end. The results are discussed in terms of
modality and mediation effects in children's short-term memory.
(Author)



p

I

-

U 4 010AATINtIrit 11151TK ILLICATION
&15111,4141

OF !ICI Op IDUCAT,015
THS 01(0.055/ H.5 p Ely PF PpoDo. FD

55C,tv..555t5
Rf MT, f PIrS,cyco,

()ACAS:4,GS
5,5 IF

vto, CR uoNrs5 5 Ai(O DC SQl SnI
55a LV ri;FtsWc,, M1I (t, f lF Fn

Ns, OS C



N
O
O

Technical Report No. 155

VISUAL AND AUDITORY MEMORY IN CHILDREN

Peter Wolff and Larry Wilder
University of Wisconsin

Report from the Project on Variables and
Processes in Cognitive Learning

Herbert J. Klausmeier
V.A.C. Henmon Professor of Educational Psychology

Robert E. Davidson, Joel R. Levin, Thomas A. Romberg,
B. Robert Tabachnick, Alan M. Voelker,

Larry Wilder, Peter Wolff
Principal Investigators

M -iry R. Quilling
Technical ilev ilopment Program Director

Dorothy A. Frayer
Research Associate

Wisconsin Research and Development
Center for Cognitive Learning
The University of Wisconsin

Madison, Wisconsin

March 1971

Published by the Wisccnsin Research and Development Center for Cognitive Learning, supported
in pert es n research and development center by funds from the United States Office of Education,
Department of Health, Edu,..ation, and Welfare. The opinions expressed herein do not necessarily
reflect the positior. or pole.y of the Office of Education and no official endorsement by the Office
of Education should be inferred.

Center No C03 / Contract OE 5-W-154

2



NATIONAL EVALUATION COMMITTEE
Samuel Brownell Henry Chauncey
Profitsor of Urban Education President
Graduate School Educational Testing Survioe
Yale University

Launor F. Carter
Senior Vine President on

TwihficlagY and Development
System Developmont Corporation

Francis S. Chase
Professor
Departrnant of Education
Untuorrily of Chicago

Martin. Deutsch
Di motor, InitiMe for

Divtl*menial Studies
New Yea Medical College.

Jack Edling
Diactor, Teaching Research

Division
Oregon Start System of H'gher

Education

Elizablth Koontz
Wog. and labor Standards

Administration, U.S.
Deportment of Lobar,
Washington

Roderick McPhee
President
Pmahou School, Honolulu

G. Wesley Sowards
Elornonfory Education

Florida State University

Patrick Suppe'
Prof. user
Deporfinent of Mathwratics
Stanford Universily

*Benton J. Underwood
Professor
Department of Psychology
Northwiihm University

RESEARCH AND DEVELOPMENT CENTER POLICY REVIEW BOARD

Leonard Berkowitz
Choi mon
Deportment of Psychology

Archie A. Buchmlller
Dep.i.y Stat. Supsrinfrw4ni
Department of Pubtle Instruction

Russell J. Hosier
Professor, Curriculum

and Instruction

Clauston Jenkins
Assistant Director
Coordinating Committee for

Higher Education

Stephen C. Kleene
Doan, College of

Lenora and Science

Donalli J. McCarty
Non
School cf Education

B. Robert Tabcchnlck
Chi:Orman, Department

of Curriculum and
Ira/ruction

Henry C. Welnlick
Esecvilve Secretary
Wisconsin Education Association

Robert E. Grincier
Choi nr on

eariment of EducotIonol
Psychology

Herbert 1. Klausmeter
Director, R & 9 Canter
Profmnisr of Educational

Psychology

Ira Shgrkansky
Associate Professor of Political

Science

M. Crawford Young
Associate Coon
The Graduate School

EXECUTIVE COMMITTEE

Edgar F. Borgeta Robert E. Davidson Russell J. Hosier Wayne Ott,.
Briningtam Profoiscr of Aisle-ant Professor,

ocialogy Educational Psychology
Professa of Curriculum and

Instruction and of Susinon
Professor of Curriculum and

I nstnn1.1.1 IRsadingl

Anne E. Buchanan Frank H. Farley *Herbert J. Kfausmeter Robert 0. tettold
Pro td cs.0nTr'E" /asocial' Proton's,.

Educational Psychology
avow, it L D Center
Prohnor of Educatlorol

Associate Dean of the School
of Education

Psychology Prohosot of Curriculum and
Instruction and of Mus'c

Robin S. Chapman
Re search Associate
R L D Center

FACULTY OF PRINCIPAL INVESTIGATORS

Vernon L. Allen
Professor of Psychology

Ted Czalkowsid
Anis:wit Professor of Curriculum

art' Instruction

Robert E. Davidson
Assistant Profissor of

Education& psydi,otocy

Cary A. Davis
*modiste Profess*, of

Educational Psychology

M. Vero DeVault
PA.*, of Cwriadtum and

Instruction Mcrhomorkisl

Fronk H. Farley
Aoto oissor of Educational

Lester S. Golub
twiner in Curriculum and

Instruction and in English

John 0. Harvey
Associaa Professor of

Matherncrtics and of Currlailvm
r rid I nerve, isn

Herbert J. Klausmeler
Director, R & 0 Carter

Professor cf Iducationol
ftdtelagY

Donald Lange
Assistant holm*? of ()umlaut"

and Imtructlen

James Maar
Assistant Proftmor of Mathematics

Educotioeu Visiting Sclilolor

Wayne Otto
',Omer of Curlio.11" and

I nitrvetion Iodine}

Milton 0. Pella
rretioka. of Curriculum and

Inotrvtlion Ikencel

Thomas A. Romberg
Assoc'are Director, R & D Conroe

Proloosor of Mothernotics and of
Curriculum ond lartvalen

B. Robert Tabachnick
Cho irmor, ).postman,

of Cut 1;0,1 on and
tratructim

Richard L. Venszky
Assistant Professor of EngReh

and of Compote Winn.

Alan Vett kor
Asistont Proftsw of Currculurn

and Instruction

Larry Wilder
Assistant Professor of Curnculurri

and 1 nerve; on

Peter Wolff
%loom Prohneor of Educat ono!
Psychology

MANAGEMENT COUNCIL

Herbert J. Klausmeler
Director, L D Cantor

V.A.C. Heenan Professor of
tJvcationol Psychology

Mary R. Quilling
tsvoot

iscrykto Devolepwant pogrom

Thomas A. Ramberg
Auocm1, Director

Jam*. Wolter
Director

Dissemination Pogrom

Dan G. Woolpert
Clinton

°peat ors and lus new

*COMMIT/1 CHAIRMAN



STATEMENT OF FOCUS

The Wisconsin Research and Development Center for Cognitive Learning
focuses on contributing to a better understanding of cognitive learning by
children and youth and to the improvement of related educational practices.
The strategy for research and development is comprehensive It includes
basic research to generate new knowledge about the conditions and processes
of learning and about the processes of instruction, and the subsequent devel-
opment of research-based instructional materials, many of which are designed
for use by teachers and others for use by students. These materials are tested
and refined in school settings. Throughout these operations behavioral scien-
tists, curriculum experts, academic scholars ind school people interact, in-
swing that the results of Center activities are based soundly on knowledge of
subject matter and cognitive learning and that they are applied to the improve-
ment of educational practice,

This Ter,hnical Report is from the Project on Variables and Procee.as in
Cognitive Learning in Program 1, Conditions and Processes of Learning. Gen-
eral objectives of the Program are to generate knowledge and develop general
taxonomies, models, or theories of cognitive learning, and to utilize the knowl-
edge in the development of curriculum materials and procedures, Contributing
to these Program objectives, this project has these objectives: to ascertain
the important variables in cognitive learning and to apply relevant knowledge
to the development of instructional materials and to the programming of in-
struction for individual students; to clarify the basic processes and abilities
involved in concept learning; and to develop a system of individually guided
motivation for use in the elementary school.
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INTRODUCTION

In the serial position memory task (Atkinson,
Hansen, & Bernbach, 1964) a series of stimulus
cards are placed face down in a row in front of
the subject. Another (cue) card, identical to
one of the stimulus cards, is then shown to the
subject, whc is required to ineicate the posi-
tion of this card in the stimulus array.

Several recent studies using this task have
shown that when children overtly label a vis-
ually presented stimulus series, their serial
position memory is facilitated (Bernbach, 1967!
Hagen & Kingsley, 1968; Hagen, Winsberg,
Wolff, 1968; Kingsley & Hagen, 1969).

Hagen and Kingsley 1,1968) and Kingsley and
Haeon (1969) found that this facilitation effect
interacts with the serial position of the correct
item, being restricted to the la.-t few items of
the list. In the early portion of the list the
label had no effect (Kingsley & Hagen, 1969)
or even a slight inhibitory effect (Hagen &
Kingsley, 1968).

Kingsley and Hagen (1969) obtained the re-
cency facilitation effect in 5-year olds who
did not spontaneously rehearse. The precise
role played by the label is therefore not clear.
In the same study no facilitation was found for
a group of subjects who were instructed to
covertly label the tImull, suggesting that the
effect depends on overt production of the label.

Several recent studies with adults compar-
ing memory for labeled and unlabeled digits
have found that labeling results in improved
performance only for the last few items of the
list (Crowder, 1970; Ellis, 1969). Labeling
was found to have no effect or an inhibitin,,
effect on recall for items early in the list. Thus

7

the results for adults are similar to those found
with children in the studies reviewed above,
providing additional eviden n that the labeling
effect in children's memory L., ,got necessarily
in the same class as typical ''mediation " ef-
fects, particularly when it is restricted to the
recency portion of the list.

One possible ex'lanation is :hat the facili-
tation effect depends not on the production of
the label, but rather on its availability to the
auditory modality. Studies which have com-
pared pure auditory with pure visual presenta-
tion of lists have found that the auditory serial
position curve is steeper than the visual.
Auditory presentation is superior to visual
the end oi" the list while the reverse is true at
the beginning (Conrad & Hull, 1968; Craik,
1969; Murdock, 1967). These and other find-
ings have led to the hypothesis that storage
systems in memory are modality-specific, with
different systems having different decay func-
tions (Craik, 1969; Ellis & Hope, 1968;
Glanzer & Cueitz, 1966; Murdock, 1967).

The present series of experiments was de-
signed to test the possibility that the labeling
effect found with children is at least in part a
modality effect similar to that found with adult
subjects. In order to do this it was necessary
to compare the serial position functions for pic-
tures presented alone with that for labels pre-
sented alone using the serial position memory
task. It was predicted that if a modality effect
is present an interactivn should be found be-
tween the two me hods of presentation, with
labels superior at the end of the list and pic-
tures superior at the beginning.

1
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EXPERIMENT I

In practice, the isolation of the label effect
necessitates a paradigm in which the experi-
menter produoes the label, because if the sub-
ject labels the stimulus he must first visually
observe it. The first experiment investigates
the effect of experimenter-produced labels on
serial position memory in children ranging in
age from S to 11 years to determine whether
this procedure results in a facilitation effect
comparable to that found in studies using
subject-produced labels.

METHOD

Subjects

Thirty children, from grades K through 5 were
divided into five age groups, of mean age 5-8.8,
6 -5.3, 7-6.7, 8-7.2, and 10-7.7. The desigi
called for three boys and three girls at each age
level. However mis-scheduling resulted in four
boys and two girls beir% sted in the 7-8 year-
old group, and two boys four girls in the
8-9 year-old group.

gstsrlals

The stimuli were brightly colored children's
picture cards portraying a boat, bear, truck,
clown, doll, and cat. A cardboard box was
used to rearrange the card sequence between
trials.

Procedure

Subjects were tested In two Sessions sepa-
rated by one week. All subjects received the
Picture (P) condition on Day 1 arid Picture plus
Label (PL) condition on Day 2. This constant
order of coriitions was used in order to insure
against training a labeling strategy in subjects

who would not normally use one. General
practice effects in this task have been found
to be negligible in prdvious research,

On each day subjects were given practice
on two- and three-card problems and were
then given the 12 trial test series u.s.rig four
stimulus cards. The 12 test trials consisted
of three replications of four stimulus sequences
presented in random order. Ea.fh of these se-
quences tested a different rarial position and
a different picture was correct at each serial
*position. In spite of the repetitive nature o:
the series, no improvement over trials within
a condition was found, and subjects offered no
other indication of incre,,,sing familiarity w:th
the sequence.

On each trial the stimulus cards were held
up one by one and then placed face down in a
row extending from the subject's left to his
right. Each card was displayed for approxi-
mately 2 seconds with a 27second delay before
presentation of the next.card. In the P condi-
tion the experimenter aaid nothing. In the PL
condition the presentation of each stimulus
card was accompanied by the pronunciation of
the name of the object depicted on the card.

When the subject chose a stimulus card it
was turned over. If the choice was correct the
experimenter said, "Good," and gave the sub-
ject 2 M & M candies. If the choice was incor-
rect, the experimenter said, "That's not it,"
without indicating the correct alternative.

Results

An analysis of variance was performed on
the number of correct responses at each serial
position. The factors wero Presentation Mode,
i.e., P versus PL, Serial Position, Age, and
Sex. Age was significant (t(4, 20) 4.82; g
< .CI), as was Serial Position (F(3,18)= 29.50;

< .01). The effect of Conditions was margin-
ally significant with performance in the PL



condition superior to that in the P condition
fro , 20) = 2.89; 2 = .10). A within-sex com-
parison of P and PL conditions showed that PL
was superior to P for males (t(14) = 1.98), but
not for females (t(I.4) = .531. Girls' perfor-
mance tended to be superior to that of boys
(F(1,20) = 3.51; 2. < .10).

Two of the second order Interactions with
'erial position were significant, Conditions
x Serial Position (P(3,18) = 3.77; 2.< .05) and
Age x Serial Position (F(12,48) = 2.24; 2 <
.025). No other interactions were significant.

The Conditions x Serial Position interaction
is shown in Figure 1. A slight inhibiting effect
of the label was found at the first position
(t (29) = 1.80; 2 < .10), At the third position,
however, addition of the label facilitated per-
formance (1(29) = 3.08; 2< .01).

2-

10

0

P

2

Serial Position

/lure 1. Mean Number of Correct Re-
sponses as a Function of Serial Position
and Presentation ConditionsFicture
None (P) or Picture phis Verbal Label
(PL). (Experiment 1)

4

As can be seen in Figure 2, the Age x
Serial Position interaction is largely accounted
for by the large increaac between S 1/2 and
6 1/2 years in performance at the first posi-
tion.

4

Figure 2. Mean Number of Correct Re-
sponses as a Function of Serial Position
and Age Level. (Experiment n

Discussion

Labels were found to facilitate serial posi-
tion memory, except for a slight inhibitory
effect at the first serial position.

The labeling effect in the present study is
similar to that found another studies using sub-
ject-produced labels, demonstrating that 2roclvc-
lion of the label is not necessary for its occur-
rence. The results agree with those of Crowder
(1970) who used labeled or unlabelee Agit se-
quences with adults. He fou.nd facilitution from
labeling at the ends of the sequences whether
the stimuli were labeled by subject or experi-
menter. Consistent with this finding, the label-
ing effect in the present study did not interact
with age.

An age-related change did occur, however, at
the beginning of the sequence, with an abrupt im-
provement in performance at the first serial posi-
tion between 5-1/2 and 6-1/2 years of age, It !s
not unreasonable to hypothesize that this change
reflects the adoption of a rehearsal strategy
which could utilize labels produced either overtly
by the experimenter or covertly by the subject.
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EXPERIMENT 2

The results of Experiment 1 were similar to
those found in previous child research using
subject-produced labels. The experimenter-
produced labeling method, however, has the
advantage of allowing the isolation of the ef-
fect of the label from the combined effect of
picture and label. This was done in the sec-
ond experiment by adding a condition in which
blank cards were substituted for the oicture
cards in the PL condition. In addition the COG -
ditlors of Experiment 1 were replicated using
a more adequately c...unterbalanced procedure.
The data from Experiment 1 suggested that the
subjects in the 5-1/2-6-1/2 year group had
not yet developed a rehearsal strategy. There-
fore the present study used 5-year olds in order
to eliminate strategy considerations in the in-
terpretation of the results.

METHOD

Subjects

Forty-eight Kindergarten children between
the ages of 5-3 and 6-1 were tested individ-
ually with 16 subjects in ech experimental
condition. Mean ages are 5-7.1, 5-7.7, and
5-6.9 for the P, L, and PL conditions, respec-
dvely. Equal numbers of boys and girls were
tested in each condition.

Materials

Five of the six picture cards used in Experi-
ment 1 were used in the present experiment.
Ten sequences, each five cards long, were
constructed such that each serial position was
tested twice and each picture was correct
twice. No picture was correct more than once
at a given serial position. Two different order-
ings of the 10 sequences were used.

Procedure

The procedure was approximately the same
as in Experiment 1 for the Picture (P) and Pic-
ture plus Label (FL) conditions. In the Label
(L) condition a series of five blank cards was
arrayed in front of the subject. As each card
was displayed the name cf the corresponding
picture card in the prearranged series was pro-
nounced by the experimenter. A sixth blank
card was :1,3,1 displayed t the subject with
the instruc. = "Find the ," with the
name of the appropriate test card supplied by
the experimenter. Half of the subjects re-
ceived Order 1 and the remaining half Order 2.

Results

Figure 3 shows the mean number correct at
each serial position for each condition. The
data are collap.ed over the two sexes and two
orders. An analysis of variance showed that
Serial Position was significant (F(4, 33) =
125,57; p < .001). The two orders were also
significantly different (F(1, 36) = 1,46; 2 <
.025). No other effects were significant.

In a second analysis, the first two positions
combined were tested against the combined
fourth and fifth positions. The Conditions ef-
fect was marginally significant (F(2, 36) = 2.39;
p = .10). Mean number correct for the P, L,
and PL conditions was .95, 1.00, and 1.16,
respectively. The Serial Position x Conditions
interaction was significant (F(2,36) = 4.61;
2< .025). This interaction reflects in part the
fact that at the first two positions P perform-
ance is superior to L, whereas at th3 least two
positions this c,-c:er is reversed. Serial posi-
tion was again significant (F(1,36) = 38.14;
2 < .001, as was the Order effect (F(1,36) =
5.50; Q < .025). Finally, the Serial Position
x Sex interaction was significant (F(1,36)

10
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9.53; p < .005). Females performed better
than males at the first two positions, but
worse at the last two positions.

An analysis was also done of the average
deviation of the chosen position from the cor-
rect one. The effect of Conditions was sig-
nificant (F(2,36) = 3 , 34; 2 < 05), with the
PL condition showing the smallest deviation.
No other effects were significant.

6

11

1 2 3 4 5

Serial Position

Figure 3. Mean Number of Correct Re-
sponses as a Function of Serial Position
and Presentation ConditionPicture Alone
(P), Label Alone (1). or Picture Plus (PL).
(Experiment 2)
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E:tPERIMENT 3

Since the effects of Experiment 2 were small, Results
a more sensitive replication study was carried Figure 4 shows mean number of items correctout. A within-subject design was used in whi h at each serial position forthe three presentationeach subject received all three methods of pres-
entation. Also three tests were made at each
serial position. Of particular interest was the
apparent interaction between serial position
and presentation conditions found in Experi-
ment 2.

METHOD

Subjects

Twenty-four nursery school children, 12
boys and 12 girls, served as subjects. They
ranged in age from 4-10 to 5-4, with a mean
age of 5-3.2 years for the boys and 5-2.0 years
for the girls. Each subject served in three ses-
sions separated by at least 1 day.

Materials

The same cards were used as In the previous
experiment. A list of 15 sequences, each five
pictures long, was constructed such that each
serial position was tested three times with
three different pictures. Each of the five pic-
tures was correct three times. Only one se-
quence order was used.

Procedure

i iThe procedure of Experiment 2 was followed 2 3 4
except that each subject was tested in all three
conditions. Each of the six possible orderings iltitisi Position
of conditions was given to four subjects. Using
a metronome as a timer each card .vas presented Figure 4. Mean Numher of Correct Re-
for 2 seconds, with a 2-second interval between sponses as a Function of Serial Position
cards. and PresentationCondition. (Experiment 3)

7
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conditions. The functions are presented sepa-
rately for boys and girls. The selected con-
trast between the PL condition and the mean of
the P and L conditions was significant (F(1, 22)
= 4.41; 2 < .05). The contrast between P and
L was Insignificant (F < 1). The interaction of
the P and L conditions with serial position was
replicated, with P superior to L at the first
three positions, but inferior at the last two po-
sitions. The linear component of the interac-
tion was highly significant (F(1,22) = 15.59;
a < .001). None of the higher order components

8

13

of the interaction was significant. This linear
component did, however, interact with sex
(F(1, 22) = 9.83; 2 < .003). From Figure 4 it
appears that while for the females there is a
crossover of the P and L condltior after the
first serial position, there is no systematic
superiority for L condition in the latter po-
sitions of the sequance. A comparison within
sex of the P and PL conditions shows the PL
condition superior to the P for males (t (11) =
2 .3; 2 < .025), but not for females L(11) =
1.02), similar to the results of Experiment 1.
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GENERAL DISCUSS1011

Summarizing the results of the three experi-
ments, as in previous experiments in which
subjects are required to label picture stimuli,
adding experimenter-produced labels to pic-
tures resulted in a small degree of facilitation
compared to presentation of pictures alone.
This facilitt.tion was restricted to the recency
portion of the lir!. While labels alone resulted
in the same overall performance es pictures,
the two modes of presentation interacted with
serial position, labels being superior at the
end of the list, pictures at the beginning.

Each of these results has been'found in
adult studies of memory which have manipu-
lated the labeling variable usingdprinted and/
or spoken words or digits. Since these results
in adults appear to be independent of strategy,
it has been assumed that they reflect stable
characteristics of modality-specific memory
systems.

M explanation for the often-found facilita-
tion effect in labeling studies with children is
suggested by examination of the data of Experi-
ment 2 and the male data of Experiment 3 (Fig-
ures 3 and 4). In these graphs the PL function
appears to follow the P function for the primacy
part of the sequence and the L function for the
recency part. Perhaps when information is pre-

&IV
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sented to both modalities, the subject can re-
spond on the basis of that modality which most
adequately represents the part of the sequence
from which the test item is drawn. That sub-
jects can store independent modality-specific
list information is suggested by the data of
Smith (1969). Using the serial position mem-
ory task with adult subjects, he presented se-
quences of digits both visually and auditorally,
but then probed with either a written or spoken
cue. The same interacting functions were
found as for the P and L conditions of the
present study, suggesting that the cue tapped
the memory system specific to its modality.

The abrupt shift in performance between
the ages of 5 1/2 and 6 1/2 at the first serial
position in both P and PL conditions (Experi-
ment 1) is more likely to be a mediation effect
similar to those described by Reese (1962).
Conceptually, the mediator is in part a way
of preserving information for later use while
processing of new mah-rial is going on. It is
therefore reasonable that such a process
should have its major effect at the beginning
of a list rather than at the end. A "sensory"
effect, on the other hand, likely to be
strongest at the time of input of the informa-
tion, or at the end of the list.

9
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