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Among the previous studics on cognitive development, the confirmation

-

of visual representation in early 7lufancy was reported by TFantz (1964),

Friedman (1972, 1974) and others (e.p. a review by Cohen ‘& Gelber, 1975).

4

Fantz found it in tho-2~3 month olds and Friedman in the newborns.

As opposed to the results by Frieﬂnwn, Kagan (1971) suggested a fixa- -
- 5 ) .

tion time of infants prior to 2 months of ﬁge was determined by a high rate

- . -

of changes in physi%al characterigtics of stimuli rather than by their

acquired cagnitive structute. ‘In"addition, he pointed out that infants’
\» : .
fixation time was influenced by their cognitive structure after 2 months of

age, morve clearly around 6 months, and then a new class of cognitive

#

: ’ . ~ ’
gtructure began to dominate as a determinant after about 9 wonths. . Through

a series of experiments, Kagan and his associates revealed that the cognitive

L4

. ) . .

development of infants was most.activated around the end' of the~€2rst year.
; ‘ .

On the other hand, even in natural settings, it is very often observed

\
¢ 3

that infants crawl to search for a hidden toy from about 9 months of age.

¢

.
\ o

This bekavior can be regarded as the reflection of infants' cognitive’

&

develoé!!”% with reference to thé findings by Kagan. 1In fact, Piaget (1934)

Y

desceribed his observations on infants' development of ohject permanencé

Y
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relating to intellectual development in general. According to.Piaget,

!

{nfants began to play a kind of game of hidée-and-secek between 5 and 7

»

Y
. . c
months and were able to recover a hidden object from around 8 months In the

' ~ ~

. .. . -
~case of only a single hiding place, but not on the occasion of two. They

A ]
¢

scaach tor an object in the place wheve previdusly found, ignoring the
. . \ 39
place where they saw 1t hidden until aboul 12 months.

T Howe&er, Uzgiris & Hunt (1975), who(formbd an_ogainal scale from

Plaget's obscrvations, reported ¢ven the 7 month olds could find a hidden

/ ’ T
. }

object in the case. of two or three hiding places. Thus, there is a big
& . .
4 - -
ol the age of dinfants who can seek correctly for a hidden

pap An t

@]

a

object at muttiple positions.
I: ‘ . - . \
) Therefore, this study was aimed to crodss—sectionally and longitudinal- *
. ’ [
ly examine the developmental process;of scarch behavior through visual
’ v
| representation’ of infants ‘In laboratory settings. '

» » ’ .
Y l{ . i - ¢

: o " METHOD

1. Subjects o : .

T

The. subjects were 23 Japanese firstborn normal infants (11 males, 12

females) from middle-class familfes. They wert selected from the record

- . \
of Well Babies Clinic .at Kosei Hospital in Tokyo where they were examined

s

\

monthly in reference to their heurological, physical and psychological

development. S . o L
’ 2. Period aLd Place . -
r ) The subjécts were individually tested at the rate of one session per

- month frrom the age of 6 months to 13 months (7 were tested from the age of

7 months). The experiment was conducted in a quiet small room at the

o - . :
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. The set of small toys was. varied from subject to-subject according to

. [3

\ ’ . : ' ’
{nSkaiLe without any equipment excepting materials and cquipment neceded

tor the experiment. The room was divided 10to two parts by a cream—

N
- - N -

N <
coltored thick curtain with screens for observing and videcotape recotding:

H
3. Materilals
. \

N

Sevgral small toys and three white opagque cubic boxes made of cavd-

boavd (9 x9 x9 cm) weve selected as hidden objects and covers, rvespectively.

.

thelr Intervests, the information of which was glven by theiv mothers prior
to each session.

-.\ ' - b ‘
4. Procedurve . .

The stbject sat on the mother's lap at a table and the mother was
- . . Y . -

Instructed to keep her infant at the midline of the table. A female @x—
: »
\ -
perimenter placdd scveral toys on the table ‘close to- the subject. While

the subject was manipulating. the toys, the experimenter set the three boxes,
‘ \
15 cm apart from cach other on the table within a reaching distance from
s . . ~

the subject. Thé middle location was a little bit farther from the subject

so that the three boxes were equidistant from the subject. The experi-
L4 . - *

. ) : - ) . ?
menter removed the toys one by one leaving the one the subject was manipu-

lating, then took At from the‘subject and hid 1t under one of the three

‘

i L] .
boxes, confirming the subject's fixation to it. The mother was ﬁnstructed

a

to restrain her infant's arms with her hands until the toy was completely'

4

hidden. The subject's spontaneous search behavior was observed for 25

seconds. Fach sedsYon was composed of three trials and the hidiﬁg place

was-vavried at each trial. ,The order of the hididg place was counter-

.

balanced across sessions.




¢ 5. Recording

- / ) ’ - ) 4 \
-Two trained observers started to-independently measure with electric

cvent recorders the subject's fixation time to either of the three boxes
- N ‘l ‘ . : .
Immedtately aflter a toy was couwpletely hidden, and the whole procedure was

) ’ ' ; N .
videotaped. The tdpe was copied at 1/100 gec time intervals. The Lwo

obscrvers cooperated.to describe the subject's search behavior with a given - .

9

. o | ' ' : '
. . ftorm bascd on%thc records .of fixation time and copled-videotape recording.
RESULTS
\ B 9 . ¢
[. Confirmation of Visual Representation - ? ,
g This term {s defined in Table L. The longitudinal data indicates .

. . \
that the wean and the range of -the Conflrmed month are 6.8 and 6~8 months,,

- regpectively.  The mean of the males is slightly smaller fhaq that of the

v females, but not significantly (Table 2).

¥

-
2. GCeneral Process of Development in Seavch Behavior

- Search behavior was categorized,into three groups, level I, level II,

. .

and level M. . The definition of each level is shown ip Table 1. Since the
¢ o

level was.varied at a trial in most ‘of the subjects uatil 11 months (about 30%

of them per month), the data was crosé—segtionally analyzed bBased on frials”

LIS
. .

a “ X ) . . :
across the subjects. The data from the first two trials in each month was

1
.

N :
fevel M- and level TI, respectively, and then plotging the mean score of .

—

tied for-the analysis as a general rule. Scoring 3, 2 and 1 for level I,

‘each wonth forms Fig. 1. ) . w2

Fig.'l shows that the level of search behavior is proceeding from II

to I with increase in age.’ In other words, the results indicate that the
! s .

developmental process of search behaviotr is from nonmanipulation despite
;.‘ N ' '
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~ . ¢
-

X .
‘fixatlon to trial and error manipulation and then to goal-orienting

manfpulation in general.

1

The males' levels are sighif!cnntly\highcr than the fewmales' at 6, 7,

9 aud 11 wonths of age (p €.05, one~tailed). Thesc results emerge because

~ the females' ratios of level M for trials at 6, 7 and 9 months are

\ §
significantly greater than the males' (6 monthsy CR= 1.894, p C .05; 7

N

months: CR=2_560, p-(.O]; 9 months: CR=1.826, p (105; onéltailed) and
the ratio of level 1 at 11 months 1s significantly higher in the males -

than in the females (CR=1.837, p .05, one-tailed).

+
[}

3. Devé]oﬁmenpnl Patterns -
‘ \
Qs"mcntionod ahobe; most of the subjects' levels at each trial were
, .
varied untll about 11 months in spite of the general tendency of develop-
. \ . .
ment . Three relatively distinctive patternsin the development emerged:

-

(a) Sequéntial: the same” level occurred dt the first two trials of each

; -
. fr
~month and, the~level itselfl was upward with increase in age; (b) Stepped:
. B i _

one leyel.lower occurréd at one of the first .two trials, but not at both;
(é) Redundant: one leyel lower at both or. two ievels‘lower at one of Fhem‘
occurred. 14 of the subjects held enough data for‘judgement of‘patﬁerns.
"2, 3 and 9 of them fell inAthe!Sequéhtial, Stepped and Redundant batﬁerns,
vespectively. Modal developmental patterns are shown.in Fig. 2. The

. results« suggest that more than half of the’SUbjects' patterns are Fhe

Redundant ., ' ' ) : . o .

v

4. JInitiation and Establishment in Level Iﬁof'Search Behavior

The terms are defined in Table 1. ‘The 1ohgitudfhal data indicateé

3

that’ the means of Initial and Established months in level I are 8.5 and

_' 10.6 months of age with the ranges of 6-11 and 8-13, respectively. THe

\

]

&@id
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) - - - . -t
males' results show slightly earlier months #g both than the females',
pig . B

N

but witlfout any signiflcance (Table 2). 2 of the subjects (one for each

. - ) \
gsex) could not reach to the Established month by 13 months of age

y ¢ é

There is'a discrepancy among the three months of Confirmed visual

_representation, Initial and E9tnblishgd 1evq} 1., The results are mainly-

du? te the repeated occurrences of level T across menths in most of the
subjects. The ratio:of cach level for the sum of trials prior to the
Fatablished month of level I was c¢a lculared in 18 of the. ubic(ts whose

Jack of data was lesg than 2 months. Their mean ratios of leve]~1, level

N and level T are 29.84% (SD=15.82), 48.25% (SD= 18. 50) and¥®1.89% (SD=

o

22.57), respectively. The ratio of lével 1 is significantly higher than

thng}of'ei(hor level T orv level I (t=3.119, -t = 3;724, df =17, p 4.005,

«

one-tailed) .
5. ° Rank—Order Correlations

Rank-order correlations were calculated among the Confirmed month of

o ~

visual representation, the Initial and the Established months of level I

>

and DQs* at 6 and 12 wmonths. Sample*size‘ was 11 of subjects (8 males, 3

-

females) whose data was complete enough for \judgement in each variable.’

“

The results are shown in Table-B.

The significant positive correlations are found between the twa-DQs,
. . - . ’ ( s - , .
and between the Confirmed month of visual representation and the DQ at 6

4

months of age (r-' 571, r=.546, p €.05, one-tailed). The anfirmed\month

hS

¢

* DQ (Developmental Quotient) was measured by MCC Baby Test (Koga, 1967)

which was modified from the Measurement on Tntelligence of Infant and

Young Children (2o0d ed. ) by p. Cattell (1960) . < ’

I', 6 8 . . ) ' )
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of visual representation is also relatively correlated with the DO at 12°
mauths despite no significance (vr= 426, p>.05). Nowever, the correla-

tion between the Established modkh of level I and.the DQ at 12 months is
. { ’ ~

Low (r¥ .358), .and no correlation is found between the Confirmed moﬁth_of

lsual represéntatcion and either of the 2 months of level 1.

-

¥ | _ ‘_
DISCUSSTON

AR

1. Conffrmation of Visual Representation

~

The Confirmed month of visual representation is much later than those

from the previous studies with younger infants (e.g. Fantz, Friedman,

4

etc.) . This discrepancy should result from different tasks and procedures
in experiments, namely this study with hiding'an object at one of three

1

positions and the previous studies.with examining younger infants' recogni-

r <

- . -

tion memory of 2 or 3 dimensionai materials.

According to Bower (1974), eiistenc; constancy of aﬁkobject is

; ) . .’

acquiréa w{thdﬁt'manipulation by 5 months of age, while the understanding
of "inside relations" is developed after 5 months. However, "the existence”
constancy in about 5 month "old infants was not suppdrted by Goldberg
(1976) .. Besidqs, Uzgiris nhoted that'infénts could discqver a hiddeé_'
object with ope-hide-~position at about:7 montﬁs (1975) and locate a#
object at_thé same‘age whgn it fell out of their view (1973).‘ Therefore,
the Confifmed month in this studyéié considerably verified. 'Yet futther
.s;udy on its initiation §t multiple—hidefpositibni.is needed witﬁ/ygunger

infants, since this“study revealed it gb\n'in thé 6 month olds. -

2. Development, of Search Behavior

n -

. - / _
The three levels of search behayior'cprrespond to behavioral
: * - , . v \ . -
IS “ , . . . ) . ° B . .
v B

P
[
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T~

chavacteristics at Stage HI, Stage 1V and Stage V of Pilaget's object

permanence .  Hence, search behavior in this gtudy can be regarded as-the

)

behavior based on the representation of location among properties of

objcct concept. . ¢
: e

S

The general developmental process from nonmanipulation to the trial
. 4 7 -

- s l'/ -
and crror one and then to the goal-orienting ore is similar to the course
N 7 _

of behavior over time at one-hide-position reported by Schofield.(ciLed.

from Gratch, 1975). Nevertheless, this Sequential pattern was found
A -

. ) P « :
merely dn 2 of the subjects and more than half of them fell in the Redun-

dant patterm. The tasks of Piaget's Stage M and Stage IV are one-hide-

position and two-hide-positions, respectively. ‘Con§bdhent1y, two possible

interpretations are considered concerning the Redundant pattern found in

2 1

many subjects. One is due to the difference of tasks and the other is
1 ”~
because the period of the experiment corresponded fairly to the ages of

Stage 1V, )

Most of the subjects repeated the trial and error search behavior

[

4 .
across months' prior to the Establishment of the goal-orienting one. Bat

none of them showed 'place error' of Stage Igf;§cept one, and he showed it

before the Confirmed.month of visual representation. Among ‘differvent

~

kinds of trial and error manipulations,. an unexpdcted error occurred

A}
»

across nfﬁ}hs in most of the subjects. The characteristic of this error
‘ - ‘

N \
~is manipulating werely one or two not-hiding boxes and persisting in it

-

even a'fter the experimenter took out the vgxden'object from the box and

showed it to the subject at the end of the 25 sec duration. This épecifit
* '

error started in a part of the !uLjects at 6 months and most frequently

~ .

* occurred in more than half of the subjects at 8 months. Yet the frequency

'



~u

’

of occurrence and the number of the subjects were rapidly reduced at'10
- . ‘- i

months. And then none of the 81ﬂ{yacts showed it at 12 and {3 HKM]thS‘

; ‘
As interpretations on "place ervor", dependency upon 9ét{on due to

Infants' egocentrism (Piaget, Gratch), lack of precision 'in sﬁatia]
FSPJQC51TZHt1bn.(LUCRS & Uzglris, 1977), insufficient memory capécity (Harris,

1973) and so on were mentioned. However, Bremner (1978) recently proved
\ . !

1

that "place error' was promoted by ‘the previous experienve and even 9

month old infant® were not always egocentric in search for a hidden

object. "With reference to his findings, nonoccutrrendée of "place error' in
. . e
this study scems to be because of the varied hiding place at cach trial.

¢

Since the specific error occurred most frequéntly in more than half of

the subjects after their own Confirmed months of visual representation, it

']

can be regarded due to their insufficient memory capacity. In other words,\\\

. Y - :
their visual representation was enough for registration of the location
. ~ J ~ he .

- . .
where the\toy was hidden, but not for its retention. This explahation

wight be more appropriate to other kinds 6f trial and error behavior. How-

ever, why did they keep manipulating a box even after the toy was shown?

Thé other possible intérpretatian mi ht be that the stimulus value of a
p ) p g .

. box was dopinant for infants over that of a hidden toy. In this case,
o

o another question appears on which property of a Box 1is attractive to
- .. * " ¢
) ' ' infants of these ages. Further study 1is required to examine why this

b .
specific error occurred. o ' -

Goal-orienting search behavior was established aclaround 10 months in

pa—_

. this sfudy.. This result 1is much later than the 7 months of age Indicated
. ! L . - '
. by Uzgiris & Hunt (1975) and &é;kson et al. (1978). Yet the procedure in
" - the former is hiding an object at one.of‘three places while the infant is
‘ o 1 DL - > . ;L., . .
-9 -
~ ) \ ) I . ‘ .

e . ] . ; IR . . ’ ’ . - 'l LT , ¥




11 Ay
. Y
h o
3
4{1n the process of reaching for it, and the task in the latter.ils two-hide~
™, . ) M- .
- ¢ . . . . 7
posttions. Without the specific error described hefore, rhe Established
- ] . ’ . ¥
month of goal-orienting behavior might have come earlier. Nevertheless, ‘_
most of the previous studies veported the occurrence of 'place error' in
~the 9 month olds (a review by Gratch). This result, aqcordtpgly, can not
be reparded as having occurred in too late a ménth. Y - _ Y
A significant sex difference was revealed at 6, 7, 9 and 11 months
‘ ‘ 0 ' \
from the cross-sectional data'on development in search behavior. The more
N . . - B o ] . e
frequent occurrence of nonmanipulation=in the femwales_at 6,.Z'and_9 months v
. S N T T FEE Lo s -
. - ’l,l— R . ‘ P . . . '-‘ ) ". o B _..:”" "’:.) ~ 4: )
and that'-of goal-orienting manipulation in the males ddt 1lgmgn633”ﬁ%rﬁfﬂ :
B el . ) . R ST .
. _ . . S S A ot P S -
sho/\}m. McCall et al. (1977) also "found more thanipulation in ghe lilﬁe_s':-fﬁ’, SR

’ - . N w - ‘_.” :\../

quing these ages, analyzing the data from a mental development test with [ .7 . <=

. R ¢ zj
more than 40 subjects at each age. 1in consequence, the sex difference on B

active'manipuﬁ’%ioﬁ is supposed to be a'gehéral.tendency 350und these ages.

Ou the other hand, it is.not clear cut why the males showed goal-orienting

-
'

scarch behavior more often at 11 months. It might be influenced.by the
fact that the malds more frequently searched'for_nn object in the way of v '
trial and error until 10 months.

f

3. Cognitive Backgroudd of Develoﬁment in Search Behavior

Tt was only the Confirmation of visual representation that signifi-
. .~ t .f’ ’ . -
cantly correlated with DQ. The results showed the low correlation between

A

the Establishment of goni—orientihg search behavior and DQ, and no corre-

lation between the Confirmation of visual representation and either of o !

v
‘<

:Tnitiation or Establishment in goal-orienting behawior. These results are

S o

supposed due to the repeated occurrence of trial and error search behavior,

3

especially the specific error responses only to not-hiding boxes. ) *

‘

. - 100— ,
P - , . .
12
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Ly In terms of o%yrelation between ‘object permapence’ and general mental
v o “develgpment measured by standardized tests; Décarie (1965) found- it, but
. ~ T . . N . . - B

- - . N
B

Lewis & McGurk (1972) aid not. Neverthe less,, the‘éognitive haékground of

’ s . . P ‘ - N -
development in object permanence can not be denied, because of the limita-

Al . " e

¥

tion of-included. factors or abilities in mental development tests as ®

S

indicated by Lewis & McGurk. The data on the specifit efroy in this study,

namely its, remarkable decvrement at 10 months and nonoccurrence at 12 and

. x\‘.\ ' ’ . ) L ) N ‘ ’ r
, ] I3 months, seems to suggest.the cognitive basis of development in search

s

behavior. " 'Morepver, the Established month of goal-orienting search

behavior is almost consistent with the period reported by Kagan when
: . | ? N
infants' cognitive development 18 most -activated. » Therefore, 1t is con-:
« ' : : ) ®
cluded that development of search behavior dn this study is embodied

\ v cognitive functioning. ~ . : ;

- SUMMARY - : R

e

The'purbose of this study was to dross—éect{onally and longitudinally " e
examine the developmental pvqgess of search behlavior throﬁéh visudl

representatign in infancy. . - .

o

k] BV ) h
v . .

The.SUbjecps were 23 Japanese normal infants (11 males'and_lZ females) -

o h

and were individually tested once a month from the age of 6 to 13 months

a

T | in laboratory settings. Small toys and three white opague cublic boxes

Aty

were selected as hidden objeéts and covers, respectively. The subject!'s

v ? . i - . ¢

"spontaneous SQQ{Ch behavior was observed after hiding a toy undetr one of

~

i)

5 ~ the three boxes on a table. Fixation time to, either of the three was
' ) nkasured as well ds the'whole procedure being videotaped.

’ [ 3 .
e )
. . : . ’ ' ‘- i
s The cross-sectional data revealed the gereral developmental process . _ Lk
; B o o _ - w
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»
" of seargh behavior, namely from nonmanipulation to the trial And error one’
. ; “and then to-the goaﬁl~or1enlrlng onec.- Htowever, more than half of the sub-
. ’ h "b = . - .
7 ‘ Jects fell In a Redundapt pattern of development.
iy Lonfdrmacion In visual %cprgscnuafion, and Inltlation and s
4 - . . '
fn goal-orienting behavior were 6.8, 8.5 and 10.6,
pulation was Significantly more observed in the females at ggr]y months.
. ‘4 . ) i . . )
Among trial and error behavior, dnstead of "place exror"
. Plaget's objett permanence, speciflc ervor of manipulating only not-h®ling
boxes occurred in most of the SUBjects acvossimonths. A significant:
_carrelation was found between Conflrmation of visual representgtion and
- QQ at 6 months, but not between Establishment ,of goa
) ( j" ) . N
w “and DQ at 12 months.
'-‘ . . R .
Wx\\x The results were discussed velated to the previocus studies on object
Y - .
kaPgFmﬂQOHCQ'ﬂS well as on guneral_cqgnitivc development” in infancy.
v ' v . ';4 \:('\; S )
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. i Table 1 Definitions
% , . . , . -
R ———
( . " Three Levels of Search Behavior
) " Level I: _ manipuIatiﬁg whbth fixation only the. hiding box and
- pr ! M - . . :
then the hidden toy. ,
Level 1T1: manipulating with fixation one or two of the other - '
' ' boxes as well as the hiding box, or manipulating
only not-hiding boxes. _ \
o] . ’ .
Level 171: not muhipuiating but fixation to the hiding pox
and/or two other boxes.
— Confirmed Month of Visual Representation : : ’
The first wonth when the following A value is significantly higher i
p € .05 or p< .01) than the following B or C value:
) Am 7 LFT to -the hiding box f ‘ .
) sum of TFT to each of the three boxes .
P4 B IPﬂLto one of two‘other boxes PP _ \
¢ sum of TFT to each of the three boxes Total Fixation Time
o= mean of TFTs tb_two other boxes .
= ‘\\
sum of TFT to kach of ‘the three boxes
‘ .
~ " Fixation time was measured immediately after & toy was completely hidden untdl

the toy was seen even partially, or until the end of the 25 sec duration.

’ - y
Initial Month of lLevel I

©

P

The first month when the seérch behavior of level I occurred even at a
single trial after the confirmed month of visual representation.

— 1

Established Month of Level f

The first month when the search behavior of level I successively occurred
_twice or more starting with the.first trial, and then' continuing for
'two or more consecutive months.

¥ 3

r
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Table 2 Statistical VA%ues on Confirmed Month of Visual Representation, and
Inftial and Established Months in TLevel T of Scarch Behavior

\ . . .
¥ L - e |
-~ Confirmed wonth of Initdial month of "Eatablished month of
visunl represextaton level I leyel 1

Male Female Total Male Female Total Male- TYemale Totel

. " :
. - L)
- . P C 3 i

I <

Sample ‘size 7 s 13 .9 8 17 7 vy 14
Mean 6.7 6.8 6.8 8.1 9.0 8.5 10.3 11.0°. 10.6
s 70 .69 69 1.10 1.22  1.24 1.28 (.20 1.29
Range 6-8  6-8 6-8  6-9  7-11  6-11 8-12  9-13  8-13

t value .238 1.503 ‘ .978

R

Note. Sample size is the number of the éubjecrs whose data is complete enough
for judgement in each category., Either of t values is nonsigni[icanL
(p> .05, one-tailed).

ErS

6

£

18 . . -
3

/“
~

Table,3 Rank-Order @ofrelntions ( Spearman's Coefficient )

Var#ables ) 1 2 . 3 4

. R 5
| 1. Counfirmed month of - - = . )

yisval representation 1.000

2. Initial month of E
level 1 ‘ ~.011  1.000 |

3. Established month of . ’
level T ' . -078 .300  1.000

4. DQ at 6 months of age . .546% -.132 . .338  1.000

. 5. DQ at 12 months of age ' .426  -.187 '.358  \571% 1.000

Note. Sample size ts 11 of the subjects whose data is complete enotgh
for judgement in each variable.
* pC. 05, one-tailed.:
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