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A conception of development is offered emphasizing that the child must not enly
acquire knowledge, but must also inhibit reactions that get in the way of express-
ing knowledge that is already present. In Experiment 1, 60 infants—12 each at 7, 8,
9,10, and 11 manths of age—were tested with a rectangular toy and a small box
open at the top. All succeaded when the toy was in the box not touching the front
wall, and in all conditions of contiguity where the toy could be retrieved by
reaching along a straight fine. However, all 7-month-olds falled the contigucus
condition when required first to reach over the front wall and then back for the
toy. Eleven-month-olds succeeded from the outset; 8 to T0-month-olds benefitted
most from experience during testing. In Bxperiment 2, 16 infants of 7 months angd 8
infants of 10 months retrieved the toy under alf canditions of contiguity where any
portion of the toy was in front of the wall, exiended farther from the walt than one
half the wall's height, or rose to the same height as the wall or higher. In all of
these conditions, the toy could be retrleved by reaching along a straight line.
Seven-month-olds failed fo retrieve the toy, however, even when it did not share a
boundary with the front wall of the box, i distance from wall pius width of toy was
tess than half the wall’s height. Here, infants had to first reach over the front wall
and then reverse direction w retrieve the toy. Seven-month-olds touched the
edge of the box significantly mare often on these trials, and reacted to those
touches by reflexively grasping the box or withdrawing their hand. We conclude
that 7-month-old infants understand that an obect Is still there when it shares a
boundary with another cbject (contrary to the Theorizing of Plaget and of Bower),

Experiment | was supported by NSF BNS-8013-447, We would like to thank Fernande Vidal and
Jody Sazbia for their tireless help in scheduling and recording the (esting sessions. Potions of
Experiment | were reporied at the International Conference for Infant Studies, Austin, TX, Apri
1582, Expericnent 2 was supporied by NIMH #) RO1 MH/HD41842-01 and by a grant from the
McDennell Center for Studies of Highes Brain Function, Washington University School of Medicine.
We would like to thank Johanna Grant Nicholas for her exceltent help in pretesting and Mathan
Braverman For carefully coding videotapes. Portions of Experiment 2 were reposted at the Society for
Research in Child Development Meeting, Baltimore, MD, April 1987. Comments by Jerome Kagan
and Michael Posner on an eatlier draft are gratefully acknowledged.
Comespondence and requests for reprints should be sent to Adele Diamond, University of Penn-
sylvania, Department of Psychology, 3815 Walnut St., Philadefphia, PA 19104-6196.

Manuscript received June 3, 1988; revision accepted September 27, 1986 223

£hd vEr

LT Nol

£2IET 26«



224 Adele Diamond and Jeanne Gilbert

Failure to retrieve the contiguous object is due to lack ot precision in execuling a
detour reach and an inability to inhibit reflexive reactions 1o touch.

By 7 months, infants are capable of readily retrieving a free-standing object.
They are upable, however, o retrieve that object if it borders another, slightly
larger object (Bower, 1974, 1977; Bresson, Maury, Pieraut-Le Bonniec, &
Schonen, 1977; Bresson & Schonen, 1977; Piaget, 1954 [1937); Schonen,1982;
Schonen & Bresson,1984; Wishart & Bower, 1984, 1985}. Piaget and Bower
tave hypothesized that this selective failure to retrieve occurs because infants
have not yet acquired the concept of contiguity, that is, infants do not understand
that an object continues to exist when it shares a boundary with another object:
«}s seems that what the baby doesn’t understand is that two objects can be in a
spatial relationship to one another, so that they share a common boundary.
Evidently it is the common boundary that is critical”” (Bower, 1977, pp. 116~
HT.

We suggest that the developmental task is oot to elaborate the concept of
contiguity but to iohibit seactions that get in the way of demonstrating this
conceptual understanding. By 7 months, infants may understand that an object is
stil) there when it borders another object yet fail to retricve the target object
because they are aot yet fully able to inhibit reflexive reactions to touch, that is,
the grasp and avoidance reactions (Twitchell, 1965, 1970)." If they accidentally
graze the neighboring object en route to the target, they reflexively grasp or
reflexively poll back. The key variable, then, is not contiguity but whether the
infant can reach the object without contacting anything en ronte. By 7 months of
age, infants are likely to arrive at their goal withont contacting anything on the

way if they have a direct, unobstructed route to the goal. If, however, they must

first reach along one direction to avoid the neighboring cbject and then change
direction to obtain their goal, they are more likely to tguch the neighboring object
en route.

This paper reports the cesults of two experiments. Experiment 1 had two
goals: (1) to replicate the finding of Bower that infants fail to retrieve an object
when it is directly behind a small wall but succeed when the object is a few
inches behind the wall, and (2) to se& if there were any conditions of contignity
where infants would succeed using the same object bordering the same wall as in
{1). The results of Experiment 1 led us to the hypotheses tesied-in Experiment 2.
Experiment 2 divectly tested conditions of contiguity versus non-contiguity
crossed with conditions of direct access o target vErsus two-directional reach
required to target,

1According to Twitchelt, the grasp veaction is not fully formed unti! after 4 mounths and then
becomes less casily and reliably elicited by the last imonths of the ficst year. 1t would be most likely to
occur in situgtions where the infant is primed to grasp, a3 in the experiments that have studied
contiguity, where the infant is reaching out to grasp a toy. The avoidance reaction is fully formed by
2440 weeks and coosists of withdrawing or springing the hand pack io response Lo conlact. A touch
yoo siight to lrigger & prasp is often safficlent to twigger the svoidance reaction.
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Table 1. Ages of Subjects In Experiment 1

Age, Mean Age, Ape Range,
Monihs Weeks (Days} ‘Weeks (Days)
7 33 (3) 32 (4) to 34 (1)
8 36 (5) 35 {0) to 38 (4)
9 41 (1) 40 {0} 10 43 (O)
10 454 44 (1) 47N
11 49 {4 47 (5) to 51 (0)

EXPERIMENT 1
Methods »

Subjects. Sixty infants, 12 each (6 male, 6 female) at 7, 8, 9, 10, and 11
months of age, were tested {see Table 1}. All were full-term and healthy. They
were Jocated through the Boston birth records, and parents were called to invite
their participation. No infant was tested if hungry, sleepy, or cranky.

Materials. Two boxes were used, both constructed of Plexiglas, one trans-
parent and one opaque white, The base of each box measured 4.5 X 4.5 in., and
all walls were 2.5 in. high. The boxes had no top and no back wall. Al ’upen
edges were bordered by tape to protect the infants from-cuts. .

A red, rectangular Lego building block, measuring 2.5 X 1.25 X 0.75 in.
was used on all test trials. It was always placed with one of the 2.5 X 0.75 inT
sides down and the open side of the block toward the front wall of the box.

The testing table was 27.5 in. high. The tabletop was 20 X 24.5 in., and
copstmcted of two wooden boards of equal size, with a 1-in. embedded w;oden
strip extending down the middle of the tabletop from fromt to back.

Procedure. Infants were required to retrieve the Lego building block from
one of the Plexiglas boxes. THe boxes were always placed so that the top was
open. Experimental variables were: (1) location of the block: directly behind
front wall of box, directly in front of front wall, or in center of box, (2) kind of
box: transparent or opaque, and (3) orientation of box: flat on table or tipped
forward with base of front wall as fulerum, Thus, there were four conditions of
contiguity: (a) directly behind transparent wall, (b} directly in front of transparent
wall,.[c) directly behind opaque wall, and (d) directly behind transparent wall,
box tipped forward. In addition, the effect of observing the experimenter pick up
the toy from behind the front wall, raise, and lower the toy back down in place
was tested,

Infants were given time to become acquainted with the laboratory lesting
room and the experimenter. During this period the experimenter asked the parent
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126 Adele Diamond and Jeanne Gilbert
bic information and explained the testing procedure. The infant wa:s
EO;:ZI:;E?LLB the parent’s Jap, facing the wooden testir_xg table. The parent’s
chair was adjusted so that the infant’s sho:ld;.l?dwerc 4-5 in. above the tabletop.
i “gat opposite parent and child.
Th;:g;“i:ﬂ::; of Ezgh uizl, (1) the infant’s midlir‘lc was aligned to the
midline of the table, (2) the experimentes placed the toy 1n the b_ox, and (3) Ehe
parent restrained the infant’s arms. A trial began with the expesimenter placing
the box and toy on the table 5 in. from the front ed_gg of thfc table, arfd the parent
releasing the infant’s arms. Infants were given unlimted time to retrieve lh:: toy.
If an infant became distracted, the experimenter tapped the box to regain the
infant’s attention. Both parent and experimenter offered wqrds of encouragement
throughout a trial, and praised the child happily after rcln?va!. The parent u{:si
not petmitted to provide any specific advice by word or action, however. A i
ended when the infant retrieved the toy or refused to try any Iongcf. Aft.cr
successful retrieval, infants were allowed to play with the toy during the intertrial
mtﬁﬁm were not permitted to pick the box up off the table, tip thfc box
forward, or tilt the box so that the toy slid out the back, out of reach of the infant.
)f an infant attempted to do this, the experimenter exerted downward pressure on
the back comners of the box. The experimenter ensured th:o\t the box stayed in
front of the infant’s midline. However, infants were permitted to pull the box

toward themselves and to lean and look in the box, All sessions were recorded on

videotape from behind a one-way mirror. ‘ o
lnfa::s were familiarized with the transparent pox and with retrieving toys

from it during two preliminary training rials where a toy other than ﬂ.w Lego
building block was placed in the center of the transparent box. These trials also
served 1o screen out infants unable to retrieve a toy from the center of the box.
One 7-month-old infant was unable to do this and so was not tested further.

The sequence of test trials was as follows:

Trial 1:building block inside transparent box, bordering front wall
Trial 2:building block in center of transparent box )
Trial 3:building block inside transparcnt box, border}ng front wall
Trial 4: building block inside transparent box, bordering front wall,
" for half the infants: Experimenter raised and lowered the toy (re-
ferred to as *‘trailing the toy™") (trial 4a) )
for half the infants: Experimenter tipped the box forward (trial ‘.tb)
Trial 5:for half the infants: building block inside opaque box, bordering
front wall (trial 5a)
for half the infants: building block outside transparent box, border-
ing front wall (trial 5b) _
Trial 6:building block inside transparent box, bordering front wall.
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Trizl 2 was a control on motivation. If the infant retrieved the toy on trial 2,
then it is unlikely that failure on trial 1 or 3 would be due to lack of interest in the
toy. Trial 3 was included primarily to control for order effects. Trials 46 further
explored the conditions under which infants would err and the effects of exped-
ence on performance.

To **trail the toy,”’ the experimenter grasped the Lego block from behind the
front walt of the box and slowly raised the block in a vertical line above the box,
returning it to its original position. Infants always walched this attentively and
usually tried to reach for the toy, following with their own hand the movement of
the experimenter’s hand and the toy.

The experimenter tipped the box by picking up the back edges of the left and
right sides of the box and tipping the box toward the infant with the base of the
front wall as a fulcrum. The box was maintained in this position for the duration
of the trial. &

Trials 42 and 4b, and S5z and 5b, were each administered to only half the
infants becavse of concern that the infants would not continue to work for the
same toy over more than six trials, especially a Lego block, which neither
squeaks nor rattles.

Results

The resulis are shown in-Table 2. Every infant successfully retrieved the toy
when it was in the center of the transparent box (trial 2). However, less than halfl
the infants succeeded when the toy was directly behind the front wall of the
transparent box {trials 1 and 3). No infant succeeded on trial 1 and failed triat 3,
although four infants failed trial 1 and succeeded on trial 3. The difference
between performance on trials 1 and 3 was not significant. Performance on trial
2, however, was significantly better them on tial 1 (¥ = 31.03, p = .0005,
McMemar, one-tailed) or irial 3 (x2 = 27.04, p = .0005, McNemar, cne-tailed).

No infant failed for lack of trying. Nor did any infant fail because of insuffi-
cient manual dexterity to grasp the building block when it bordered the front
wall. THose who failed never touched the toy. Typical behaviors of infants who
failed were: (a) trying to reach through fhe front wall of the box, and (b} pulling
the box toward themselves, leaning over, and looking in through the open top of
the box, accompanied by either ne reach, a reach that stopped before completion,
or a reach too far back in the box, missing the toy entirely. Sequences (a) and (b}
were usually repeated several times during a trial.

Infants who succeeded on trials 1 and 3 typically did so by: (g) puiling the box
toward themselves, leaning and Jooking in the top of the box, and then reaching
in and retrieving the toy, ot (b) reaching over the front wall of the box and
grasping the 1oy without any attempt t0.lean and look through the top of the box.

Other Conditions of Configuity. All infants at all ages succeeded when the
box was tipped forward (trial 4a} and when the box was opaque (trial Sa}. All but
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228 Adele Diamond and jeanne Gilberl

Table2. Percent of Infants Successfully Retrieving Toy by Type of Frial and Age of
Infant

Age in Months

7 ] 9 10 11 Tatal
Trial 1 Lt 33 58 S0 33 43
(toy Behind front wall) )
Trial 2 100 100 109 o [1L1] 100
{toy in center of box)
Trisl 3 B 33 67 58 92 52
{toy behind front wall)
Trial 48 100 . 100 100 106 100 100
{box tipped forward)
Trial 4b 0 13 67 83 100 57
(experimenter trailed to¥)
Trial 5a 100 100 100 100 100 100
(opaque box; 1oy behind front wall)
“Frial 5b 8 100 100 100 100 9?7
(toy in front of box}
Trial 6 8§ 58 83 83 100 67

{10y behind front wall)

Notes,

For trials 1, 2, 3, and 6, N per cell equals 12; ial ¥ = 60.

For rials da, 4b, S8, and 5b, N per cell equals 6; tota! N = _30.

Al} rials were performed with the wansparcat box, except triak Sa.
The toy bordered the front wall of the box on all trizls excepd trial 2.

one jnfant succeeded when the toy was placed ontside the box bo'rdcring l‘m? fr?nt
wall (tria} 5b). (Sec Table 2). Performance on each of these trials was sng_mﬁ-
cantly better than that on trial 3 (s = 12.07, p = 0005, McNemar, one-tatled)
and significantly better than chance {Z scores = 4.9, p = .0001).

When the opaque box was used, infants pulled the box toward Fhemsc]ves,
leaned and looked in, and retrieved the toy. There were almost no instances of
reaching over the front wall without first Jeaning and looking through the _top on
opague box trials. When the box was tipped forward or the toy placed outside the
box,infants simply reached straight for the toy.

Thus, infants succeeded when the Lego block and front wall were not con-
tiguous, and when they were contiguous but the box was tipped forward, the box
was opaque, of the Lego block was in front of the box. I?erfonnance wWas
significantly worse, however, when the block was directly behind the front wall

of the transparent box.

Effect of Experience. Thbe experience of rotrieving the toy from the center
of the box (tial 2) did not significantly improve performance when the toy was
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again placed behind the front wall {trial 3), for performance on trial 3 was not
significantly better than on trial 1,

During trial 4b infants saw the experimenter pick the toy up from behind the
front wall of the transparent box, slowly lift the toy up above the box, and then
return the toy to its position. Only two infants who had failed trial 3 were helped
by this trailing sequence on trial 4b. Trailing the toy bad no significant effect
even though infants followed the toy with their hand as the toy was lowered back
into the box. The toy and the experimenter’s hand proceeded inside the box but
the infant's hand remained outside. Thus, even this attempt at aiding the infants
did nat enable them to retrieve the building block from directly behind the front
wall of the box.

Almost one third of the infants who could not retrieve the toy from directly
behind the front wall of the box on trials 1 and 3 were able to do so on frial 6.
Performance onstrial 6 was significantly better than performance on trial 3 (x* =
4.92, p = .05, McNemar, two-tailed). )

Of the 14 infants who failed trial 3 and were tested with the opaque box on
trial 5a, 8 infants (57%) succeeded on trial 6. Of the 15 children who failed trigl 3
and were tested with the toy ontside the box on trial 5b, only 3 (20%) succeeded
on trial 6. Infants tested with the opague box performed belter on trial 6 than did
infants tested with the toy outside the front wall (p = .04, Fisher’s exact test,
two-tailed).

Although performance improved with the toy directly behind the transparent
wall from trial 3 to trial 6, performance on trial 6 was still significantly worse
than performance on trials 2 (toy in center), 4a (box tipped forward), 5a (opaque
box), and 5b (toy outside box) (x%s = 6.13, p = .01, McNemar, one-tailed).
Thus, the difference in performance between toy directly behind transparent wall
and the cther conditions cannot be attributed to any order effect because it was
significant for earlier testing (trials 1 and 3) and for later testing {trial 6).

Age Differences. There was a clear age progression in performance 2
[4] = 19.62 for trial 3, p < .001, two-tailed) and in the ability to profit from
experience on this task (change in performance from trial 3 to trial 6 over age: x2
[4] = 24.75, p < .001, two-tailgd). Almost all 7-month-olds failed when the toy
was directly behind the transparent walls {trials 1 and 3). (See Table 2.) Not only
were infants of 7 months unable to retrieve the toy from behind the frent wall of the
transparent bex, but they showed no improvement in performance following
experience. Infants of § to 10 months were able 10 benefit from experience, as can
be seen by their impraved performance on trial 6 {trial 3 vs. trial 6: x2=10.08,p
< ,01, McNemar, two-tailed). By 11 months, infants succeeded on trial 1,
without any prior experience.

There were no significant effects by sex.

Discussiﬁn
There were two major findings from Experiment 1. First, almost all infants of 7
months and even some who were 8 to 10 months old failed when the toy was
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230 ) Adele Diamond and Jeanne Gilbert

directly behind the front wall of the transparent box, even though they readily
retrieved the same toy from the center of the same box. This replicates the
findings of Piaget and Bower that infants fail to retrieve an object when it borders
another, even though they are able to retrieve either object when it is free-
standing.

However, the second major finding was that some 7-month-old infants suc-
ceeded even under other, very similar, conditions of contigvity. Infants who
failed to retrieve the toy when it was directly behind the front wall of the
iransparent box nevertheless successfully retrieved the same toy from the same
position in the same box when the box was tipped forward, when the opague box
was used with the toy in the same position, and when the oy was outside the
transparent box, bordering the front wall. Recall that Piaget and Bower had
theorized that infants should fail under all conditions of contiguity. Yet, here the
toy and wall were centiguous, and infants succeeded.

Although a Lego building block is not as attractive s some other objects, the
motivational explanation that infaots failed when the bleck was inside the trans-
parent box bordering the front wall because they did not want the block can be
further rejected becanse: (1} Under all conditions, using the same building block,
infaots succeeded. {2} As soon as the trailing sequence began, infants reached for
the toy eagerly. (3) No infant failed by not trying to get the toy. (4) Infants often
became upset at their failure to et the toy. (5) This fussing and crying stopped if
the infant was permitted to have the toy.

Success on trial 2 cannot simply be attributed to greater experience with the
task or familiarity with the situation, because infants failed agaio on ftriat 3 (toy
again inside transparent box, bordering front wall). .

When the toy was in the center of the box (trial 2), infants could reach and
retrieve on a straight line. Moreover, when the box was tipped forward (trial 4b)
and when the toy was outside the box (trial 5b}, infants were also able to get to
the toy on a straight line of reach (see Figure 1). Cn all these trials, infants
succeeded.

Conversely, when the toy was inside the box bordering the front wall, it was
not possible to reach the toy on a straight line. First, infants had to reach along a
diagonal to clear the well, and then reverse direction to retrieve the toy (see
Figure 1). It was not possible 1o clear the barrier and reach for the toy without
changing disection. The two-directional reach required here is more difficult than
simply reaching straight for the toy, and involves an indirect route to one’s goal,
not unlike means—end behavior.

By 7 months infants are physically capable of a reach that changes direction,
but we would like to suggest that the increase in difficulty of such a reach is just
enough so that infants are less likely to clear the front wall of the box cleanly,
without contact. Once their palm or fingers touch the edge of the front wall,
infanits reflexively grasp or reflexively withdraw, halting the reach.

For a long time, we could not account for the success of infants with the
opaque box. This should have required a two-directional reach just as did-the
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w

Figure 1. Infanis could reach on a straight line for the toy in all conditions except
when the toy was inside the fransparent box, bordering froat wall. (1} Toy outside
transparent box, bordering front wall. (2} Toy inslde teansparent box, in center of
box. (3) Toy Inside transparent hox, hordering front wall, box tipped. {4) Toy inside
transparent box, bordering fropt wall. When the opaque box was used, the toy was
placed In the same position as that pictured in panel 4. '

comparable condition with the transpareat box, yet infants succeeded with the
opaque box but.failed with the transparent box. To continue this work, an
assistant was trained on the experimental procedures. Her first few tcst'mg ses-
sions failed to replicate our original results, however. Infants of 7 months suc-
ceeded even when the Lego toy was directly behind the front wail of the trans-
parent box. Puzzled by the inconsistency, we reviewed the videotapes of her
sessions and noticed that she allowed the infants to pull the box much closer than
had been allowed in Experiment 1. With the box in this positien, when infants
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232 Adete Diamond and Jeanne Gilbert

leaned over they could reach straight down and retrieve the toy. No two-direc-
tiona! reach was required.

The assistant correctly pointed out that the instructions had not stated a limit
as to how close the box could be pulled. In Experiment 1 the experimenter had
tried to prevent infants from pulling the box closer than 4 in. from the front edge
of the table, but this had never been explicidly stated and so never verified during
coding of the videotapes. Al the cutset of a trial, infants could nat see the toy
when it was directly behind the front wall of the opaque box. Perhaps infants had
been unintentionally allowed to pull the opaque box closer in Experiment 1 than
they had been allowed to pull the transparent box. These trials were meant to be
equal in all respects except for the transparency of the box, but perhaps the trials
had differed in distance from the front edge of the table as well. We re-analyzed
the videotape records for the ~-month-old infants who had been tested with the
opaque box. Every infant had pulied the opaque box closer to the front edge of
the table than the transparent box, matched paics £ (11} = 7.06, p = .001. Mean
distance of front wall of box from front edge of table was 4.8 in. on trial 3 (toy
directly bebind front wall, transparent box) but only 2.5 in. on tral 5a {toy
directly behind front wall, opaque box). {Mean distance of front wall of box from
front edge of table ranged from 4.5-5.0 in. in the other conditions.}

Success with the opague box no longer seemed an anomaly. Now, on alf trials
in which infants succeeded a direct reach for the toy was possible, and in the one
condition in which they failed a direct reach was not possible. This is consistent

- with the results of others. Schonen (1982) found that infants have as much
difficulty retrieving a 10y from directly behind an opaque wall as they do in
retrieving the toy. from behind a transparent wall, when all other variables are
held constant. :

Thus, Experiment 1 demonsteated that there are conditions of contiguity
where infants even as young as 7 months will succeed. In the conditions under
which infants succeeded, they could reach for the toy on a straight line; in the
condition in which they failed, a two-directional reach was requined.

EXPERIMENT 2

We predicted that infaots would succeed when they could retrieve the goal
withont touching another object, even when the objects were contiguous {as
shown in Experiment 1), and would fail when the nearby object was likely to be
touched en route to the goal, even if the goal and nearby object were not
touching. The key variable would be whether the infant could reach the toy
without contacting fhe edge of the box en route. Infants would be likely to
contact the edge of the box when they had to execute a two-directional reach but
not when a simple direct reach would suffice. Thus, infants would succeed when
a straight reach was possible and fail when a two-directional reach was required.
We tested fhis against the prediction of Piagét and Bower that infants would
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succeed when the toy was not contiguous with the front wall of the box but fail
when the two objects were touching. Using the videotape records, cach time an
infant’s hand touched the edge of the box, the reaction 1o touch was coded so that
we could directly test our hypothesis concemning inability to inhibit reflexive
reactions to touch.

Methods

Subjects. Sixteen healthy, full-term 7-month-old infants (9 male, 7 female)
were tested. The mean age was 31 weeks, 1 day. The range was 28 weeks, 5
days, to 33 weeks, 6 days. In addition, 8 older infants (5 male, 3 female) of 10
months were tested. Their mean age was 45 weeks, 5 days (range: 44(0)—-48(5)
weeks). All infants were located through the St. Louis City and County birth
records. Parentsywere called and asked to participate.

Materigls. Two transparent Plexiglas boxes were used. The base of one was
4.5 X 4.5 in., with walls 2.5 in. high {as in Experiment 1). The base of the other
box measured 6 X 6 in., with 2 in. high walls. Both boxes had no top and no
back wall. The toys were ared Lego building block (2.5 X 1.25 X i.Gin)anda
thinner blue Snappies building block {2.5 X 0.63 X 1.0 in.). The testing table
was 28.5 in. high. The tabletop measured 20,75 X 24 in.

Procedure. The infant’s task was to retrieve a building block from one of

" the boxes. Testing procedures were similar to those in Experiment 1. Testing was

conducted in the laboratory with the infant seated on the mother's lap with the
infant’s shoulders 4 to § in. above the tabletop.

Unless otherwise noted, the red building block and taller box (4.5 X 4.5 X
2.5 in.) were always used, the building block was always placed herizontaily

- inside the box, and the front wall of the box was always kept 4 to 6 in. from the

front edge of the table. The box was glways placed so that the top was opefl.

The experimental variables were: (1) distance of foy from front wall of box
{contiguous, in center of box, 0.5 in. from front wall), {2) height of front wafl {2
in., 2.5 in.}, (3) width of 1oy {1425 in., 0.63 in.), (4) distance of box from infant
(2-3.9 in. from front edge of table, 4 in. or more from front edge of table}, and
(S) orientation of toy {horizontal, vertical, or perpendicular to front wall of box).

it was predicted that infants would be able to reach on a straight line for the
toy, and so would not touch the edge of the front wall en route, if {2) any portion
of the toy were in front of the wall, (b} any portion of the toy lay farther from the
wall than one half the wail's height, or {c) any portion of the toy rose to the same
height as the wall ot higher. It was further predicted that a straight reach would
become more possible the closer the box was to the infant or the lower its front
wall,

The bascline conditions were the toy bordering the front wall of the box
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{contiguous; two-directional reach required) and the toy in the center of the box

(not contiguous; straight line of reach possible). Here, the predictions of Piaget,

Bower, and oursclves are indistinguishable. All would predict failure in the first

case and success in the second. This had already been demonstrated in Experi-
"ment 1. .

A set of conditions departed from baseline in that the toy bordered the front
wall, but a straight line of reach was possible. Here, Piaget and Bower would
predict failure; we predicted success. Conditions falling within this set were: oy
in the vertical position bordering front wall (here height of toy was equal to
height of front wall), toy bordering front wall but perpendicular to it (toy would
then extend farther into the box than one half the height of front wall), box with
shorter front wall (here, even in the horizontal position, the toy would extend
into the box farther than one half the height of the front wall), toy outside box
bordering front wall, and box less than 4 in. from the frent edge of table.

Another condition departed from baseline in that the toy was not touching the
front wall of the box, but a two-directional reach was required. The thinner blue
toy was placed in the box 0.5 in. from ihe front wall, Piaget and Bower would
predict success here; we predicted failure.

To test our hypothesis that infants succeeded with the opaque box in Experi-
rment 1 because it was close to them but failed with the transparent box because it
was far, we tested infants in Experiment 2 with the transparent box both close
and far. We did not use the apague box in Experiment 2 because it would be
difficult to place it far from the infant and stifl have the infant be able to see the
toy from the outset of the trial {many 7-month-olds will not reach for a hidden
object}.

All sessions were filmed from two cameras at different angles to permit
detailed coding from the videotape. Two coders carefully recorded each reach
the infant made on each trial, recording in particular whether the infant’s hand
touched the box, whether the infant withdrew his er her hand without touching
the box st all, and whether the infant continued a reach and retrieved the oy
despite making contact with the box. Responses to contact such as grasping or
withdrawal were also recorded.

Testing began, as in Experiment 1, with two familiarization trials where a toy
other than a Lego was placed in the center of the 4.5 x 4.5 % 2.5 in. box. All
infants sucoeeded on these trials. o

No infant received all experimental conditions because that would have re-
quired too many trials per child. The 7-month-old infants were divided into four
experimental groups. The sequence of testing for each group is outlined in Table
3. Groups 1 and 2 received the same conditions but with order of presentation
counterbalanced within test pair. For example, infants in group 1 were tested first
with the toy in the perpendicular position and then vertical, whereas infants in
group 2 received the vertical position first. Groups 3 and 4 were similarly
matched. Half of the 10-month-old infants received the testing sequence for
group 1 and half received the testing sequence for group 4.

Retrieval of a Contiguous Object 1315

Tahle 3. Testlng Sequences for the Four Experimental Groups

Triat Group 1 Groop 2 Group 3 Group 4

H Toy bordering wall  Toy in center Toy bordering wall ~ Toy in ceater

2 Toy in center Toy bordering wall  Toy in center Toy bordering wail

3 Toy bordering wall  Toy in center Toy bordering wall  Toy in center

4 Toy in center Toy bordering walt  Toy in center Toy bordering wall

5 Box near infant Box near infant Toy outside box Toy autside box

6 Toy perpendiculac ~ Toy vertical Thinner toy, 0.3 Box with lower walts
in. from wall

7 Toy vertical Toy perpendicular  Thinner 10}, in Box with lower walls,
center of box box nesr infant

8 Toy outside box Toy bordering wall  Toy bordering wall  Thirsier toy, in center

of box
g Toy bordering wall Toy outside box Box with lower Thinner toy, 0.5 in.
¥ walls from wail
Noves.

Toy used was always the wider one untess afherwise specified.

Toy was always placed hotizontalfy unless otherwise specified.

Toy was always contiguous with the front wall of box ualess otherwise specified.
Box with higher walls was always used unless atherwise specified.

Box was always maintained 46 ia. from infaat unless otherwise specified.

Results :
The results for the first presentation of each experimental condition for the 7-
month-old infants are considered first.

Conditions Where Our Predictions and Those of Piaget and Bower Were the
Same. Allinfants failed to retrieve the Lego block when it was directly behind
the front wall of the box, N = 16, p = .0001, binomial, regardless of whether
they received this condition first or were tested first with the Lego in the center of
the box (see Table 4). This is consistent with all predictions, for the Lego and
front wall were contiguous (so Piaget and Bower would predict failure} and the
Lego could not be obtained by reaching on a straight line (so we predicted
failure). As in Experimeat 1, no infant failed for lack of trying; indeed they often
persisted quite doggedly to getithe 1oy,

All but one infant succeeded when the Lego block was in the center of the
box, N = 16, p = .0003, binomial. This, too, is consistent with all predictions,
for the Lego and front wall were not contiguous (so Piaget and Bower would
predict success) and infants could reach for the toy on a straight line (so we
predicted success).

These results replicate those found in Experiment L

Conditions Where Plaget and Bower Would Predict Failure end We Pre-
dicted Success. There were six conditions where the Lego block and front wall
of the box were contiguous but the Lego could be obtained by reaching on a
steaight line. Infants did well in all of these conditions.
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Table 4. Percent Success, Mean Trial Duration, Mean Number of Touches to Edge of Box

for 7-month-old Infants on the First Presentation of Each Condition

Mean Number

-~

Mean
Duration,

Distance of
Front Wall from

Toy in Front
of, or Behind,

Front Wall

Distance
Separating Toy

to Edge

of Touches

Seconds

Percent
Succeeding

Infant, in.

Wall, in.,

Height of  Helght of Front
Toy, it

Width of Toy,
in.

and Front Wall, in.

* & @
ahdh o
P N

- * + "
N &
ﬁl\ml\ "._"\

- # -*
e s
WO ol o0
&3
L e
S3gg ©

88
[V= RN - 30 < Bl 0
4444 4
M -
EEEE %
2523

2.5
25
2.5
25
2.5

1

1

1

2.3
(vertical)

1

1.25
1.25
1.25
1.25
2.5

(perpendicular)

0 (adjacent)
2 {center)

0 (adjacent)

0 (adjacent)
0 (adjacent)

behind
behind
behind

behind
behind

2.5
2
2
25
2.5

— i -t

.....

0 (adjacent)

0 (adjacent)
0.5
2

0 (adjacent)

* = sippificantly diffesent from performance with toy directly behind front wall (line 1) at p =5 .05, Matched pairs i-tests were used for duration and tauches to

edge of box. McNemar was used for suceess rale,
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When the Lego block was outside the box, bordering the front wall, all infants
succeeded (N = 14) (see Figure 2A). Two infants in group 2 were so upset at not
being able to retrieve the Lego from behind the front wall on trial 8 that they
refused to try on rial 9. Even if these two infants had been included here, the
results weould be significant: 88%, ¥ = 16, p = 002, binomial. When the Lego
was inside the box, bordering the front wall, in the vertical position (so that it
was the same height as the box), all infants also succeeded (¥ = 8). When the
Lego was inside the box, bordering the front wall, in the perpendicular position
{so that it extended farther inte the box than one half the height of the front wall},
75% (N = 8) of the infants succeeded (see Figure 2B), When the box was close
to the infant {2 to 4 in.), 75% of the infants also succeeded (N = 8). When the
shorter box was used, most infants succeeded (57%, N = 7; one infant in group 3
was so upset at not being able to retrieve the Lego from behind the front wall on
trial 8, the infant refused to try on trial 9). When the shorter box was used and the
box was close to the infant, all infants succeeded (see Figure 2C). Performance
on all of these trials was significantly better than performance when the Lego was
horizontal, behind the front wall, bex 4—6 in, from the infant (outside box: X2 =
10.08, p = .005; vertical: x* = 6.13, p = .01; perpendicular: x* = 4.17, p =
025 closer: ¥2 = 4.17, p = .025; shorter box: 2 = 2.25, p = .07, closer and
shorter box: ¥2 = 2.25, p = .07; McNemar, one-tailed tests).

The Condition Where Piaget and Bower Would Predict Success and We
Predicted Failure. When the thin building block was 0.5 in. from the front
wall of the bex, Piaget and Bower would predict success because the building
block and front wall were not contiguons, We predicied failure because the block
could not be reached on a straight line. Only one infant succeeded, N = 8, p =
.04, binomial. Performance here was not significantly different from perfor-
mance with the wider toy bordering the front wall. ANl infants retrieved the thin
block when it was in the center of the box (¥ = 8). This performance was
significantly better than chance, p = .004, binomial, and significantly better than
their performance when the same toy was 0.5 in. from the front wall, ¥ = 5.15,
p = .025, McNemar, one-tailed (see Figure 2D).

i

Performance over Repeated Presentations.  All 7-month-old infants failed
to retrieve the Lego block from directly behing the front wall of the box on the
first presentation (¥ = 16). On the second presentation of this cendition, most
infants still failed. Success rate was only 19%, N = 16, p = .0}, binomial,
Performance on the second presentation was not significantly better than perfor-
mance on the first presentation.

On the third presentation at the end of the session, however, 50% of the
infants succeeded (N = 12). Performance on the third presentation was signifi-
cantly better than performance had been on the first presentation, x2 = 4.17, p =
.05, McNemar, two-tailed. Performance on this third presentation was still sig-
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230 Adele Diamond and Jeanne Gilbert

nificantly worse, however, than performance with the toy in the center of the box
(2 = 3.2, p = .05, McNemar, one-tailed), the toy ontside the box (3% = 4.17,
p = .025, McNemar, one-tailed), or the toy in the vertical position (x2 = 3.2, p
= .05, McNemar, onc-tailed). Thus, performance with the Lego block directly
behind the front wall of the box improved over testing, but it remained signifi-
cantly worse than performance in other conditions.

There were no discernible effects by experimental grovp.

Age Differences. All 10-month-olds succeeded on all trials. From the very
first presentation, they succeeded with the Lego block directly behind the front
wall of the box. Their performance was, thus, significantly better than that of the
7-month-old infants (Fisher’s exact test, p = .001). No sex difference in either
age group were observed. .

Reactions to Touck. In the conditions characterized by failure, that is, the
conditions requiring a two-directional reach—infants of 7 manths were far more
likely to touch the edge of the box than in conditions characterized by success.
Thus, for example, when the toy was directly behind the front wall of the box, 7-
month-old infants touched the-edge of the box an average of 7.31 tirnes during a

trial, whereas when the toy was in the center of the box they touched the edge of

the box only 1.53 times per trial, and wheu the toy was outside the box, border-
ing the front wall, they touched the edge of the box only an average of 0.43 times
(see Figure 3A). Infants touched the edge of the box significantly more often
whea the toy was directly behind the front wall of the box or when the thinner toy
was 0.5 in. from the front wall than wher either toy was in the center of the box
{wide toy against front well vs. in center of box: matched pairs r {15} = 4.74,
p = 0005, two-tailed; thin toy 0.5 in. from front wall vs. in ceater of box: ¢ [15]
= 4,54, p = .001). Similarly, they teuched the edge of the box more often when
the Lego block was horizontal, directly behind the front wall, than when it was
horizontal, directly in front of the front wall (outside the box), r (15) =437, p =
L0001, or when it was vertical, directly behind the front wall, 1 (15) = 3.47,p =
01. They touched the edge of the box more often when the box was far than
when it was close to the infant, ¢ (15) =2.27, p = .05, and they touched the
edges of the higher box more often than the edges of the box with lower walls, ¢
(15) = 3.38, p = .Ol.

All 7-month-olds touched the edge of the front wall with their fingers or palm
when the toy was directly behind the front wall. Fewer infants (56%) touched the
edge when the box was in the center, but nine infants did touch the wail yet
succeeded anyway when the toy was in the center.

Infants of 7 monthis reacted to these touches, especially if their palm touched,
by reflexively grasping the box or reflexively withdrawing their hand. Grasping
the box was more common than withdrawing. Sixty-eight percent of the times
their palm contacted the edge of the box, they grasped the edge. An additional
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Figure3. {A)Number of instances of touching the edge of the box when the toy was
in the center of the box, directly behind the front wall, and outside directly in front
of the front wall, (B) Percent of times T-month-olds and 10-month-olds reacted to
touching the edge of the box by grasping the edge. :
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242 Adele Diamond and Jeanne Gilberl

15% of these contacts resulted in the infants jerking their hand back in the
avoidance reaction.

The 10-mouth-old infants touched the edge of the box less often than the 7-
month-olds. For example, when the toy was directy behind the front wall, they
touched the edge of the box an average of 3.13 times per trial, versus an average
of 7.31 for 7-month-olds, r () = 4.21,p = .01, wwo-tailed. Moreover, when
they did touch the edge of the box, they were much less likely to react weflex-
ively; instead they continued reaching for the toy {see Figure 3B), ¢ {7y = 14.18,
p < .0001.

Figure 4 presents part of the sequence of reaching for one 7-month-old infant
when the toy was directly behind the front wall of the box. This illustrates the
grasp and avoidance reactions. Although the infant was reaching for the toy and
not for the box, he touched the box en route to the toy. ln the first sequence he
grasps the box. In the second sequence he withdraws his hand.

Succeed When Look Away.  Five of the 7-month-clds (63%) who succeeded
on the third presentation of the toy directly behind the front wall of the box did so
as they were looking up. Having failed to get the toy, they had seemingly given
up and were looking up at the experimente, their hand grasping the front edge of
the box. As they were looking up, they relaxed their grasp and their band slid
down and grasped the toy (see Figure ). The infants looked down once their
hand had touched the toy, but they appeared not to have been attending as their
hand made its way down to the toy.

Discussion

Most infants retrieved the toy under all conditions of contiguity where the toy lay
in front of the box, the ratio of toy width to wall height was greater than 1:2 (1oy
perpendicular to front wall, or pox with lower walls), the ratic of toy height o
wall height was 1:1 (toy vertical), or the box was within 4 in. from the front
edge of the table. In all of these conditions, infants retrieved the toy by a straight
line of reach.

However, only 13% of the -7-month-old infants retrieved the toy, even when it
was free-standing, if the distance from the wall plus the width of toy was less
than one half of the wall’s height (thinner toy, 0.5 in. from front wall). To reach
over the front wall in this condition, infants had to first reach past the oy and
then reverse direction to retrieve the toy.

In all cases, these results are consistent with our predictions and inconsistent
with those that Piaget and Bower would make.

The 7-month-olds showed some improvement with practice, but their perfor-
mance with the toy directly behind the front wall, ratio of toy width to wall

height less than 1:2, at the end of the session was still significantly worse than

their performance had been in the other conditions.
{nfants showed every evidence of reaching for the toy and not for the box.

In reaching for the toy, infant accidentally touches the edge of the box, and reacts by reflexively pulling

Figure 4, Top row: In reaching for the toy, Infant accidentally touches the edge of the box, and reacts by reflexively grasping
his hand back (avoidance reaction).

the edge, Bottom row:
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Figure 5. End of trial 6; infant has given up and is looking up at the experimenter. The infant’s grasp of the edge of the front wall

relaxes and her hand moves down to the toy.

She never looks down until her hand is almost grasping the toy.

Relrieval of a Contiguous Object 245

They either withdrew their hand upon touching the box or grasped the box and
then withdrew their hand to try to reach again. Although Lego building blocks
are less interesting for infants than are some other toys, no infant faited because
of not trying, and whenever the building block could be reached on a straight
line, atl infants retricved it

Although the box was usually maintained 4 to 6 in. from the infant, infants
did not fail because the toy was too far away. This can be seen by their success
when the toy was in the center of the box, where, with the box stitl 4 to 6 in. from
the infant, the toy was even farther away than when it bordered the front wall.

By 10 months, infants succeeded on all trials. They touched the box much less
often in the course of reaching for the toy, and when they did touch the box, they
continued in to retrieve the toy more often. They were much less likely to react
reflexively by grasping the edge of the box or withdrawing.

a

GENERAL DISCUSSION

In both Experimenis | and 2, 7-month-old infanis retrieved the Loy in all condi-
tions where it was contiguous with the front wall of the box, except for the one
condition where the higher box was 4 to 6 in. from the infant and the toy was
placed horizontally behind the front wall. Moreover, 7-month-old infants failed
even when the toy was not contiguous with the front wall of the box if the thinner
toy was placed 0.5 in. from the front wall. Experiment | demonstrated that
contiguity was not a sufficient condition for failure; Experiment 2 demonstrated
that it is not necessary either.

In all conditions where the infants succeeded it was possible to reach on a
straight line for the toy. Trials on which the infants failed were characterized by
two things: (1) a two-directional reach to the toy was required, and (2) infants
grazed the edge of the box en route to the toy much more often than they did in
the other conditions. We think they touched the box more often because of the
greater difficulty of executing 2 reach that changes direction. Seven-maonth-olds
reacted to these touches, especially if their palm touched, by reflexively grasping
the box or reflexively withdrawing their hand io the manner of the grasp and
avoidance reactions described by Twitchell (1263, 1970).

If the 7-month-old infants had been able 1o guide their reaches precisely to the
toy without touching the box, reflexive reactions to touch would not have been a
problem on the task. Simitarly, if they had been able to inhibit reflexive reactions
to touch, it would not have mattered if they reached imprecisely and touched the
box. When they touched the edge of the box they could have simply praceeded in
and retrieved the toy. There was nothing physically blocking theic way, but they
reacted to the touch by grasping the box or pulling their hand back. Because 7-
month-olds reacted reflexively 1o touch, the key to their success was whether
they would reach their goal without contacting anything en rouie.

Alternative interpretations based on motivation, order of testing, or distance
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246 Adele Diamond and Jeanne Gilbert

- of toy from infant are not supported by the data. The same toy was vsed on trials
where infants succeeded as well as on trials where they failed. Infants failed
when the toy was directly behind the front wall of the box both early and late in
testing. The toy was farther from the infant when it was in the center of the bex
and closer to the infant when it was in front of the box than when it was directly
behind the front wall, yet infants succeeded when the toy was in the center or in
front of the box, There is also evidence that infants' depth perception is quite
good by 7 months of age {Aslin & Demais, 1980; Gordon & Yonas, 1976; Held,
Birch, & Gwiazda, 1980; Walk, 1978}, so an explanation based on inadequate
perception of depth can be eliminated as well.

Most stndies have examined the contiguons condition of the desired object
placed on top of another object. (It was Bower [1974] who generalized this to all
conditions of contiguity—on top, under, behind, or in front.) Infants of 5 106
months often fail to retrieve an object placed on top of ancther object, although
by 7 to 8 months this difficulty has largely disappeared (Bresson et al,, 1977
Piaget, 1954 [1937]; Wishart & Bower, 1984, 1985). We believe the problem
posed for infants by the *‘on top of’> condition is similar to that seen in the *‘in
back of”* condition studied here, that is, an inability to inhibit reflexive grasping
or reflexive withdrawing upon contact with the neighbering object. At 5-6
months of age, the reach still lacks some precision and the hand is typically
opened wide to grasp well before arriving at the target. ‘Thus, 5- to 6-month-old
infants are likely to touch the object bordering their goal if the goal object is
slightly smaller than its support, even though the infants can reach straight to the
goal without changing direction. By 7 to 8 months, the reach and the grasp have
become more precise, and so infants no Jonger touch the neighboring object
unless required to make a detour by reaching along one direction to avoid the
neighbor and then changing direction to obtain the goal. At7 o 8 months, just as
at 5 to 6 months, however, if the neighboring object is accidentally touched, a
reflex of the hand is released.

Although neither Piaget nor Bower considered the possibility that reflexive
reactions to touch might account for infants’ failure to retrieve contiguous ob-
jects, their descriptions of infants® behavior are quite consistent with this:

Laurent tries to grasp 2 box of matches. When he i5 at the point of reaching it I
place it on a book; he immediately withdraws his hand, then grasps the book itself,
(Piaget, 1954 [1937], p. 177). (Mote the reactions described by Piaget: grasping the
support or withdrawing the hand.)

Suppose a baby is shown an altractive toy and ¢his toy is then placed on top of a
platform. The baby could be in midreach for the toy, When it is placed on top of the
platform, he will pulf back hiz fend and look at the toy in bewilderment. He may
grasp the platform and accidentally knock the toy off. (Bower, 1977, pp. 115-1 16

[emphases added])
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On the other hand, infants should be able to reach their goal without touching the
edge of the support if the support is smaller than the goal object or much larger,
or if the goal object stands out from the support. Thus, Piaget observed:

[W]hen 1 place upon the book a narrow and deep goblet which stands out from its
support, Laurent takes possession of it directly. But this experiment does not teach
him anything about the general problem and when I place the matchbox on the book
agatn he still does not try to grasp it. (1954 [1937], pp. 177-178).

The goblet stood far enough out from the suppert that it could be grasped without
touching the book. Piaget also reports success at retrieving the matchbox from
the tabletop, which is so much larger than the matchbox that Laurent would not
touch the edge of the table while reaching for the matchbox. (Note that we would
predict a problem if the matchbox were placed very near the edge of the table.)

In other work with the transparent boxes used here (Diamond, submitted), we
found that 5- to 6-month-old infants were unable to retrieve an object from inside
these boxes even when the object was not touching any wall of the box. They had
difficulty aiming their hand so that it cleared the opening, even when the réach
did nor need to change dirvection and the infants were looking directly at the
obiect through the opening. Once they touched the edge of the box opening, they
reflexively prasped or reflexively withdrew their hand. Thus, they could retrieve
the object if it extended partially out of the box, but not if the object were totally
inside the box, even if just barely inside the opening. Similar findings jn infants
of 6 months with an opague screen are reported by Schenen and Bresson (1984).

There is growing evidence, however, that younger infants of 3 to 5 months
may be confused about contiguity in the way Piaget and Bower described. When
two objects are contiguous and stationary, these younger infants may not per-
ceive that these objects are distinct. For example, Kestenbaum, Termine, and
Spelke (1987) familiarized 3-month-olds to a display of a small object in front of
a larger object, with the two objects either contigucus or not. After habituation,
the infants were shown test displays where the spatial relationship of the objects
was changed or preserved. In the changed condition, the distance between the
objects was increased. When tht objects had not been contiguous on first presen-
tation, infants looked equally at both test displays. When the objects had been
contiguons on the first presentation, infants looked longer when the spatial
relationship changed. This suggests that 3-month-old infants may have perceived
the two adjacent objects as one unit and so dishabituated when these objects were
shown to be separate entities. Thus, it seems that at 3 months, infants may not
understand the concept of contiguity, although immaturity of the visual system
may have been a factor here. Schmidt and Spelke (personal communication) are
accumulating similar evidence that infants of 5 months do not perceive iwo
cbjects as distinct from one another when both are stationary and one partially
occludes the other, althongh by 7 months infants no longer make this mistake.
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Finally, it is not clear why 7-month-olds who eventualty succecded in retriev-
ing the toy from directly behind the front wall of the box in the present study
often did so while they were locking up. In part, the sight of the toy through both
the top and front of the box may have been confusing, especially when access
through the front was blocked. In part, once an infant was grasping the edge of
the box, the hand could reach the toy along a direct route without changing
direction. When 7-month-old infants were attending to what they were doing,
they never continued a reach once they geasped the front wall although straight
access to the toy was possible from there, but instead pulled their hand back to
reach again. However, when they were attending elsewhere, their hand slipped
down and touched the toy as their grasp relaxed. This curious phenomenon
deserves further study, as does the observation of Bresson et el. (1977) that
infants first soived the problem of retrieving a small object from z slightly larger
support by holding onto the support with one hand and then reaching for the goal
object with the other hand.

Reaching over the front wall in order to get the toy, instead of reaching
straight for the toy; can be considered a means—end behavior. Infants begin to
sticceed here at the same-time that other means—end behaviors first appear:
uncovering a hidden object (Diamond, 1985; Gratch & Landers, 1971) and
pulling a cloth in order to retrieve the toy on top of it (Willatts, 1987).

Instead of infants elaborating complex rules about the existence of an object
when it borders another object, we suggest that the problem is much simpler, and
7-month-olds much brighter, than Piaget and Bower have implied. By 7 months,
jnfants understand that an object is still there when it shares a boundary with
ancther object, but they lack sufficient control of their behavior to demonstrate
this knowledge. The problem is not in understanding that the toy is there, but in
navigating to reach it. Seven-month-old infants lack the finely ¢alibrated motor
skill to retricve a small object without grazing the edge of the surface it borders,
and once they graze the edge they are unable to inhibit reacting reflexively with
the grasp or avoidance reaction.

Lack of inhibiticn may, thus, mask expression of a cognitive competence. In
contrast to the usugl conception of development as proceeding through the pro-
gressive acquisition of knowledge, we suggest that development can also pro-
ceed through enhanced inhibition of reactions that get in the way of demonstrat-
ing knowledge that is already present. '
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