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Abstract
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analyses of the data provided some support for Piaget's hypothesis.
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The Stege IV object comcept error has played a central role in Piaget's
account of the way in which the child acquires knowledge of the external
world through activity (1954). Infants in this stege (age about 9 mos . )
are able to find an object hidden under a cover when it is hidden in one
place, A, but they err by searching once aguin at A when they see the
object hidden at a second place, B. This pheonomen, AB error, hes been
replicated (Appel, 1971; Evans & Gratch, 1972; Gratch &_Landers, 1971
Tenders, 1971), and it is important to Piesget's theory on two grounds.
First, he believes the AB error provides clear evidence that the achieve-
ments of object recognition and following of object movement in earlier
stages do not indicate awareness of the permanent neture of objeéts in
space (1969). Second, he sees the phenomenon as clearly pointing out that
the infent's awareness of the permanence of objects arises out of his
operative schemes.

Piaget makes the second point by vontrasting Stage IV to the earlier
stages. Stage I and stage II infants act as if disappearing objects are
"out of mind", but the stage III infant will act as if the venishing object
continues to exist if he has begun o reach for it before it disappears.

However, the stage III infant's sense of the absent object is completely
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confounded with the act of reaching; if the act is interrupted, the infant
will cease to search for the absent object. The stage IV infant is able
to keep his "eye" on the toy as he @irects his attention away from it to
the separate problem of removing the cover. However, the infant's sense
of the permanence of the object is still tied to action. He does not repre-
sent the absent otject. Rather, the screen, serving as an index of the
absent object, maintains an expectant attitude often reflected in a bodily
orientation like pointing. Moreover, the infant localizes and identifies
things relative to himself. When he findslthe toy at A and sees it dis-
appear at B, he immediately turns to A and‘searchﬁs there. It is as if
the infant sees "the object-I-find-st-A" being hﬁdden, and therefore, the
nev place is not registered. Later in dévelopﬁént, the infant does register
the hiding of the toy at B, but there is a competition between this memory
and the more potent memory of his prior actior at-A. Still later, the
infant comes tc search only on the basis of where he sees the toys hidden.
Gratch and Landers (1971), in their longitudinsl study, documented these
shifts in orientations.

Pisget is aware that his interpretation of the AB error.runs contrary
to common sense and to most technical interpretations, e.g., Harris (1972).
Piaget points out that the error can essily be viewed as an infantile ver-

sion of "absent mindedness."” That is, it can be argued that the infant in
fact registers the hiding of the toy at B but forgets the new location and
therefore searches at the place where he previously found it. Piaget argues
that this view is unlikely bécause his own infants were very sttentive when
the object was hidden at B and yet immediately searched at A when.it dis-
appeared from view. o

The present study evaluates the relative merits of the forgetting and
ﬁhe failvre to register explanations of the AB pheonomenon. First, the
length of time that the object was out of sight is veried. If Piaget is
correct, then the likelihocd of error should not vary with the length of
the"delay interval whereas theAforgetting explanation predicts that it
should. Secondly,observations are made-of when the infants turned toward
A and how attentive they were. If Piaget is éorrect, the infants should
look attentively toward A when the object disappears at B and should con-

tinue to look attentively towerd A throughont Lhe time +hat precedeas their
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removing of the cover at A. If, on the other hard, infants err because
they forget, then eith:r they should not look continuously at A or they

should be inattentive before they search.

Method

Subjects

Forty-eight full term infants served as Ss. Their median age was
9 months-6 days (9-6), and the renge of ages was from 7-13 to 10-16.
Helf of the infents were boys and hslf were girls. Twenty of the infants
were lower-class, primerily negro, and 28 infanﬁs were middle=-class,
primarily white. The lower-class infants were seen during the course of
their 9-month examination at a well-baby clinic. Their sessions took
place at the beginning of their clinic visit. The middle-class infants
were brought to the laboratory st the University.

The infants were assigned to one of four-delay groups, O, 1, 3, or
7 sec. We selected these delays in an effort to sample infants' reactions
to a relatively wide range of delsys, the 7 sec. condition being one which
was both quite long and yet not so long as to lead infants to refuse to
' engage in the task. Twelve infants were in each group, and half had their
first A-hiding trial on the right side and half had it on the left side.
The median ages of the four groups were, respectively, 9-6, 8-28, 9-l,
and 9-10. There were different numbers of boys and girls and lower-class
and middle-cless infants in the four delay groups. Inspeciion of the
results indicated that sex and social class were not associated with task
performance, and no attempt was made to statistically anelyze the influence
of these factors because sex and4social class were so variously represented
in the delay conditions.

Assignment of Es was not controlled. All of the authors served as
Es, but K.J.A. was E for most §s in the 3 sec. condition, and W.F.E. and
N.W. were Es for most §s in the O, 1, and 7 sec. conditions.

Procedure and Apparatus

The Ss were seated on their mothers' leps in frort of s table and
across from E. Initially, each S perférmed‘two warm-up tasks. In the

first, an attempt was made to assess side preferences. On each of four
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trials, a different pair -f identical objects was placed on a tray and
s1id within §'s reach. (As in the prior study by Gratch & Landers, no
association was found between S§'s preference for toy-side and their like-
lihood of finding a toy at A or B). In the second warm-up task, a toy
was plaéed at the center of the trey and wss partially hidden on two
trials and was covered just before § grasped it on two subsequent trials.

For the experiment proper, a gray plywcod tray with two wells spaced
12 inches apart was used. The tray was 36 x 12 x 2% in., and the wells
were 7 X 7 x 2 in. Two 12 x 12 in. white wash cloths served as covers.
The toy usually was a gold-colored bell.

A-trials--The hiding procedure was as follows. The E brought the
toy close to §. As S began to reach for it, E slowly moved the toy to the
A well,‘directingggfs reach toward that side. While 5 was attending.to
the toy in the Qell, E slowly covered the well with the cloth. (The B
vell was covered prior to this hiding procedure). After the appropriate
deléy period (0, 1, 3, or 7 sec.), the *ray was moved within S's reach.
If § found the toy, he was allowed to pla; with it for about 10 sec.
before the next trial. If S searched at the wrong side, he was allowed
to correct his error or was corrected by E. The S hsd to succeed on 5
censecutive A trials before the toy was higden at B.

In the O sec. delay condition, the tray was moved as soon as the
well was covered. In the 7 sec. delay condition, the first trial involved
a 3 sec. delay, and the second trial a 5 sec. delay. If S was correct on
these trials, all other trials had a 7 sec. delay.

A small number of Ss had more than 5 A triels because they either
refused to search or searchied at B. In the O, 1, 3, and 7 sec. conditions,
there were 2, 3, 1, and 3 Ss, réspectively, who had more than.5 A trials.
There was no relation between the number of A trials and success on the
Bjtrials. .g;

B triaié-eAll Ss had at least 5 trials at fhe B side. If § searched
at A on any of the B trials, the tray was pulled back béfore S had an
opportunity to search at B. The E then drew S's attention to the B well,
uncovered it, and handed the toy to S. If S had not found the toy at B

on the fourth and fifth t_Zfia'l..c, the B trials were continued until S found
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the toy twice in succession. On these latter trigls, S was permitbeg to
correct himself. '

Ratings of §s' behavior during the delay period

The aim of the procedure was to influence the baby to be "preoccupied”
with the toy at the correct position, e.g., eagerly looking and re2ching
toward the toy. The aim.of the ratings during the delay period was to
document whether the baby continued to be “"preoccupied" with the 2y after
it was hidden. Ratings were mede of two phases of the delay period, and
the ratings todok into account whether the infant attended to the niding wells

(attentivenéss) and to which well his attention was directed (g}£99j192‘9£

gaze). One phase of theQdelay period was the period of time after the toy
was covered and before the tray was .noved within §8's reach (delay) The

.meﬂ'—"
second phase Was the perlod that began when E moved the hiding tray and

ended by §'s uncoqéé}ng of a hiding well (presentatlon) During esCh phase,
attentiveness wasé rated in terms of a three point scele. 1In the delay
period, a rating of 3 was given if S either actively reached or 1e8ned toward
one or both wells throughout this period. A rating of 1 was givep if S

"left the geme,” i.e., either directed his attention away from the ‘hiding
geme for most of the period or for more than a moment at the end of this
period. A rating of 2 was made if S was oriented to the tray most of the
time but occaesionally looked away from the tray. In the case of O jzec-

Ss, the delay rating referred to the fractional period between the time

the toy was covered and the tray wes moved,

Tn the presenhtation period, a raﬁing of 3 was made if S reached toward
the cover before the tray was in front of him and took off the cover 8S soon
as it was vwithin reach. A rating of 2 was given if S looked towarQ the tray
as it moved within reach and took off the cover shortly after the tray was
in front of him. A rating of 1 was given if S either was not attending to
the moving tray or begsn to remove the cover only after the tray hadg been

in front of aim for more then a couple of seconds.

The other rating made in the delay and presentation periods focused on
which hiding well § gazed at (direction of gaze). Note wes made Of whether
S gazed only at the A well, only at the B well, or looked st botps and in

the letter case, the pattern of fixelions.
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Bqligpg}ity of the ratings--The first suthor trained each of the
other authors to play E and observer roles simultaneously. In most cases,
all ratings were made by E alone. Training was terminated and reliptility
was assumed to have been established when the two independeht raters agreed
on at least 90% of each of the four types of ratings made on two successive
infants. Esch E was cbserved at least twice by one of the other authors
after he had been seeing Ss on his own, and comparable levels of agreement
were found at these times. Where differences occurred, they were recoaciled

by discussion.

Results

The relation between delay length and AB error is presented in Table 1.

- e e M em e e o e s M W em e s

Evidence of AB error is reported in terms of the length of the run of B
trials, beginning with the first, in which S searched at A when the toy was
hidden at B. Thus, if § sesrched at B on the first B trial, his error-run
score is O3 if S searched at A on the first B trial and searched at B on the
second B trial, his error-run score is 1; etc. The run score not only indi-
cates what each S did on the first B trial, but also provides a fairly
accurate index of S's performance on all 5 B trials because only 6 of L8 ss
did not follow their first successful search at B by searching et 3 on all
the subsequent trials. As Table 1 chows, only one § in the O sec. condition
searched at A on the first B trial (run b 1), and the great majority of Ss
in the 1, 3, and 7 sec. conditions searched at A on et least the first B
trial (X2 = 15.15, 34df, p 4.01; comparison of C and 1 sec., Fisher's Exact
Test, p<«.0L). Further, Ss vwho erred on the first B trial, tended to make

a relatively long run of errors on subsequent B trials.

Piaget's positionis not supported by these results. While it is of
céhsiderable interest that Ss in the 7 sec. condition were ss likely to err
as 8s in the 1 snd 3 sec. conditions, Ss in the O sec. condition alsc should
have erred if the AB phenomenon is due to 3 failure to register that position
as opposed to forgetting it. ' )

" The O sec. Ss' failnre H0 err might heve heen an artifact of the
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procedure. Vhen we hid the toy, we coaxed the infants into reaching toward
the side of hiding. Their success may have been a result of their having
been "frozen" in that direction by the movement of the tray immediately after
the well was covered. In such a case, their success would have been a stage
IIT phenomenon, a result of extending their act of reaching, and the finding
would not contradict Piaget's argument.

Therefore, we observed nine more Ss under conditions in which the tray
was not moved. The tray was within reach, but Ss' mothers restrained thenm.
In five cases, the mothers restrained both the bodies and arms of Ss, and
in four cases, Ss were free to reach toward but not touch the tray. One of
the former five Ss erred, and one of the latter four 8s erred. Thus, the
sucressful sesrch of §s in the O sec. condition was not a result of the
procedure of sliding the tray toward S. The S appears to register the
hiding of the toy at B, and something happens in the brief one second interval
that follows the covering of the toy that leads the infant to err.

The ratings of ati:ativeness and direction of gaze on the first B trial
provide some'clues about the forgetting process. We will consider only Ss
in the 1, 3, and 7 sec. conditions because O sec. Ss not only did not err
but were highly attentive and tended to orient to the B well.

The attentiveness ratings will be considered first. Ss received ratings
of 3 in the delay phase if they leaned or reached toward the hiding tray
throughout that period and ratings of 3 in the presentation phase if they
reached toward the cover before the tray was in front of them. Most Ss
received a total score of 6, and most of the less attentive Ss received a
total rating of 5 or 4. To evaluate attentiveness, Ss were divided into
§s who scored 6 or less than 6. In terms of this attentiveness measure,
attentiveness was found to decrease with delay length (X2 = 9.68, 24f,

p ¢.0l; comparison of 1 and 3 sec. with 7 sec., Fisher's Exact Test, p<« .05;
1 and 3, p~.05). Secondly, the relation between this attentiveness measure
and the likelihood of error was evaluated. While less attentive Ss were
somewhat more likely to err than attentive Ss, this trend was not statistic-
ally uignificant (for 1, 3, and 7 sec. combined, Xey = 0.62, 1 af, p>.75;

1 and 3 ser. combined, Fisher's Exact Test, p :.05). Thus wh;ie atteutive-
ness was related to delay length, it was not related to errur; and we will

return to the issue of abltentivenean balow.
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The direction in vhich Ss gazed was classified in three ways. One,
labeled A, refers to a pattern iun which § looked to A either while the toy
wvas in view or shortly after it was hidden and then looked at A until the
tray was within reach. This is the pattern one would expect to be present
from either Piaget's hypothesis or a relsted one that he has advanced,
namely, that Ss err because the memory of their past actions overrides
their present perception. A second psttern, B, rafers to 3s who kept their
gaze focused on B until the tray wss within reach. This is a pattern one
would expect if § perceived the new place of hiding and if this information
was sufficient to inform him of the toy's locetion. The third pattern,
AB, indicates a § who looked at least once to each well. Such a pattern
would seem to indicate that § was localizing the object both in terms of
vhere he had seen it hidden and where he had previously found it. In the
case of less attentive Ss, their classification was based on only those v
gazes which were directed at one of the two hiding wells. In other words,
these Ss gazed hither and yon as well as at A and B, and they were classi-
fied in terms of only those gazes that were directed to A or B.

The delay conditions were not related to direction of gaze to a
statistically significant degrée (X2 = 3.59, L4df, .10 p ' .25). However,
when Ss in all three non-zero delay conditions were combined, it was found
that direction of gaze was related to error (X2 = 6.08, 24f, p ¢ .05;
comparison of A-and B or AB, Fisher's Exact Test, p - .05).

Table 2 displays this relation so that the effect of interaction

between direction of geze and attentiveness upon error can be noted.

Insert Table 2 about here

Inspectiot of Table 2 indicates that when Ss are attentive (score of 6),
the Ss are very likely to err‘when they adopt the A pattern of gazing, but
they aré not likely to err if their gaze pattern is B or AB. All 7 Ss
adopting the A pettern erred whereaé, only 3 of 9 Ss showing the B or AB
pattern erred. On the other hand, less attentive Ss (score of 6) are
likely to err irrespective of a pattern of gazing. All b Ss manifesting
the A pattern erred, and 12 of 16 Ss showing the B and AB patterns erred.

Thus, two modes of erring appear to he present.
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The significance of the pattern of gazing can be brought out in yet
another way from the deta. Previous work has shown that age is related to
likelihood of error and to geze pattern even within the limited span of
ages being considered in the present study. Ianders (1368) found that infants
less than 9 months of sge were somewhat more likely to err than infants older
than 9 months. Gratck and Landers (1971), in their longitudinal study,
found the pattern of gazing to shift from A to AB to B. When age trends
were examined in the present study by dividing Ss in each delay condition
into Ss below and above the median age of the group, younger Ss were found
to be somewhat more likely to err (X2 = 1.25, 1 df, .10~p~.25). But more
interestingly, as Table 3 indicetes, gounger Ss were far more likely to

adopt an A pattern of gazing than older Ss (X2 = 7.72, 24f, p - .025;

comparison of A and AB, Fisher's Exact Test, p &.05). Furthermore, as
we already have seen, Ss who sre attentive are most likely to err when they

adopt the A pattern of gazing.

Discussion

Yiaget has argued that the.KE.error occurs because infants fail to
assimilate the information that the object is hidden in a new place. The
present study does not support the strong form of Piaget's imaginative
hypothesis, i.e., that the error occurs because infants fail to register
the new place of hiding. There were seven infghts who turned to A as the
toy was still in view and was being hidden at B, suggesting that there is
a way in which infants' actions;at A can lead them to fail to appreciate
where the object is being hidden. However, the infants in the O second
delay condition did noct commit the error, and fheir behavior indicates that
the general reason for the AB phenomenon involves forgetting in some sense.
Further, the forgetting seems to occur during the brie% one second interval
following the covering of the object because infants in the 1, 3, and 7
second delay-conditions wer. all likely to make %he error.

Harris (1972) hess proposed that the error can be explained in terms of
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proactive inhibition. He studied 10-month-old infents and found results
comparable to thnse presented above. The infants were likely to err when
they had to delay five seconds before searching, but they did not err when
they could search immediately after the object was covetred. To specify
the nature of the error, Harris then varied thz way in which the toy was
covered. Tn his second study, the infants could sesrch as zoon as the
covering was completéd, and there were four possible hiding conditions:
1) toy hidden in a new well, empty well covered before the well containing
the toy; 2) toy hidden in a new well, embty well covered after the well |
containing the toy; 3) toy hidden in the same well, empty well covered
before the well containing the toy; 4) toy hidden in the same well, empty
well covered after the well containing the toy. He found that infants
erred only when the toy was placed in a new well, that well was covered,
and then the old well was covered. He argued that the error was caused
by proactive inhibition. In other words, the infants were distracted from
' the place where the toy was hidden by the covering of the empty well and
that well cued their memory of their prior successful search.

It seems cleaf that Harris has specified a condition which will lead
10-month-ol7 infants to err, but it ig not at all clear that he has accounted
for Pisget's AB phenomenon. First, 10-month-olds are iess likely to err
than 9-month-~old infants. Secondly,.end more importantly, it will be
recalled that, in the present study, the empty well always was covered
before the well containing the toy. Therefore, the factor that Harris
identified as responsible for the error was not operative in the present
study nor in Piaget's observations.

However, Harris' line of argument seems to be a promising way to
understeng the behavior of the less attentive infents in the present study.
These infants were highly likely to err, and their errors were not asso-
ciated with either the A, AB, or g patterns of gazing during the delay
period. Thus, i% seems‘likely that situational events occurred during the
delay period which interfered with the infants' memory of the new place cof

" hiding and some aspect of the tray in front of them cued them to search in
the place where they previously had found the toy.

The same line of argument can be extended to account for the errors

of attentive infaents, but we would like to suggest that o modifisd version
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of Piaget's hypothesic may provide a better sccourt of ticue errors.

It will be recalled éhat attentive infants were likely to err only when
they looked to A shortly after the toy disappeared at B and then held this
"point" throughout the delay period. Further, these infants tended to be
yoﬁnger than those attentive infants who adopted B or AB patterns of gazing
and were less likely to err. From Piaget's pcint of view, it can be argued
that the youngér infants did not perceive (i.e., register) the hiding of
the toy at B. Ilnstead, it can be argued that their gaze was drawn to B
and that this "motor set" was maintained for a fraction of a second. VWhen
the infants were free to search during that time (O second condition), the
"set" guided them into correct search. However, when they had to maintain
the "set'" for a longer period of time, they then assimilated the hiding of
the toy into their scheme of finding the toy at A.

It is not clear whether this hypothesis is different from one which
holds that the younger infants registered the new place of hicding but forgot
it easily because this relatively weak memory was disrupted by their memory
of prior successful searches. However, we advance it to point out that
Piaget's approach to the phenomenon is not contradicted in any simple way
by the results of present study. It is important to keep the issue open,
both with respect to what is involved in the AB error ond how it bears on
the development of object permanence, because recent studies point out “he
complexity of specifying what the infant is seeking as well .as where he is
seeking, e.g., Bower, 1971, Evans and Gratch, 1972, Gafdner, 1971, LeCompte
and Gratch, 1972. For example, the studies by Evans and Gratch and LeCompte
and Gratch point out that 9-month-old infants tend to have in mind the
places of disappearance rather than the particular objects which disappear.
Such & diffuse orientation asppears to be consistent with the "motor" memory
hypothesis of object localization which we have developed in order to

support Piaget's hypothesis.
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Table 1

Relation of Delay Length and Length of Run of B Trials

in Waich § Searches at A: Number of Ss

Length of Run (Begins with first B trial)

Delay 0 1 2 3 L :5 T

0O Seconds 11 0 0 0 0 1 12
1 Seconds b 1 3 0 0 4 12
3 Seconds 3 3 1l 0 0 5 12
3 12

7 Seconds ‘ 3 1 0 i 1

Total S5 22 5 4 4 1 13 48




Table 2

Relation Between Attentiveness, Pattern of Gazing,

and Search on the First B Trial: Number of Ss¥*

Pattern of Gazing

A AB B Total S&
Attentiveness 6 (6 6 <6 6 <6
Search A 7 L 1 8 2 i 26
Search B 0 9] 3 3 3 1 10

Total Ss 7 L L 1 5 5 26

*¥1, 3, and 7 sec. Ss only




Table 3
Relation Between Age and Pattern of Gazing on

The First B Trial: DNumber of Ss*

Pattern of Gazing

Age A AB B Total Ss
Younger | 9 y 5 18
Older 2 11 5 18

Total Ss 11 15 - 10 36

*¥1, 3, and 7 sec. Ss only




