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In four studies we investigated the perception of the affordance for traversal of a supporting surface.
The surface presented was either rigid or deformable, and this property was specified either optically,
haptically, or both. In Experiment 1A, crawling and walking infants were presented with two surfaces
in succession: a standard surface that both looked and felt rigid and a deforming surface that both
looked and felt nonrigid. Latency to initiate locomotion, duration of visual and haptic exploration,
and displacement activity were coded from videotapes. Compared with the standard, the deforming
surface elicited longer latency, more exploratory behavior, and more displacement in walkers, but
not in crawlers, suggesting that typical mode of locomotion influences perceived traversability. These
findings were replicated in Experiment 1B, in which the infant was presented with a dual walkway,
forcing a choice between the two surfaces. Experiments 2, 3A and B, and 4A and B investigated the use
of optical and haptic information in detecting traversability of rigid and nonrigid surfaces. Patterns of
exploration varied with the information presented and differed for crawlers and walkers in the case
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of a deformable surface, as an affordance theory would predict.

How does anyone decide whether an unfamiliar surface
stretching ahead over the ground is safe for travel by foot, by
car, by ski, or by any other mode of transportation? Particularly,
how does a young member of the human species, newly ready
to undertake self-initiated and self-propeiled locomotion, detect
the properties of a surface that make it safe to traverse? Is adult
tuition necessary? Reinforcement by trial and error? Or is infor-
mation for traversable properties detected, and if so, when does
this occur? What is the relation between perception and action
in the novice perceiver—actor?

The questions relate to the concept of affordance (E. J Glb—
son, 1982; E. J. Gibson, 1984; J. J. Gibson, 1979). According
to Gibson (1979), what is perceived first and foremost is utility
for action-what an event or the layout of the environment or
an object offers for doing something, either for good or ill. The
concept refers to the unique relation between the potential ac-
tions of an animal and some aspect of its environment such as
a place (e.g., a cave, which may be entered and will afford shel-
ter), an object (e.g., a stone, which may be grasped or hurled),
or an event (e.g., a wave, which may be “ridden” or may engulf
an animal). Objects, places, and events that provide support for
adaptive actions for some animals may not for others of differ-
ent size, bodily structure, and organic requirements. The rela-

This research was supported in part by National Science Foundation
Grant BNS-8209856 and National Institute of Child Health and Hu-
man Development Grant 1RO1HD 17207-02 to Cornell University and
the first author.

The authors are greatly indebted to Ulric Neisser, Nancy Rader, Eliza-
beth Spelke, and James Cutting, all of whom gave invaluable advice.

Correspondence concerning this article should be addressed to Elea-
nor J. Gibson, Department of Psychology, Cornell University, Ithaca,
New York 14853.

533

tion is an ecological one, the result of the evolution of an animal
in a given niche. The relation is real, not simply “in the eye of
the beholder,” and it may not be perceived by the animal. In
some instances, perception of an affordance may be innate, in
the sense that the animal detects information for it in an optical
or other array and acts appropriately in a way characteristic of
its species (e.g., defensive or avoidance activities of many ani-
mals in response to a “looming” object or shadow); but it may
be learned, as would be the affordance of a tool for prodding
something out of reach or for operating as a lever. The informa-
tion for an affordance is twofold: There must be information
specifying properties of the thing perceived and also informa-
tion about relevant capacities and structural constraints of the
perceiver. A good example that has been studied experimentally
is the affordance of stair-height for climbing (Warren, 1984). To
perceive the optimal stair-height, the perceiver must detect not
only information for the height of the riser but also the con-
straints imposed by his or her own stature. This apparently is
done so well that the relation can be described mathematically
and is predictive for an adult climber of stairs. In the experi-
ments to be described, two classes of subjects were observed:
infants capable of crawling but not walking and infants capable
of walking. Bipedal locomotion, as compared with crawling on
four limbs, imposes constraints that may change the affordance
of a surface for traversal. We were interested to know whether
infants whose motor development had attained bipedal locomo-
tion acted differently than ones capable of crawling only, de-
pending on' a surface’s affordance for traversability. Will they
perceive surface properties differently, in relation to their
affordance for an action of which they are newly capable?

The information available for perceiving the traversability of
surfaces is potentially manifold. There may be optical informa-
tion for a surface’s rigidity or elasticity and for discontinuities
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such as holes or obstacles. The degree of rigidity and weight-
bearing properties of a surface’s substance may be detected hap-
tically by exploring the surface with a hand or with a foot or a
tool. Events that we witness, such as impact of an object striking
a potential surface of support, can provide dynamic optical and
acoustical information about the traversability of a surface. In
a familiar situation most of us rely heavily on barely attended
optical information for guiding locomotion, but in a strange
place or under unusual climatic conditions, we actively obtain
information from all the available sources.

In this research we investigated perception of traversability
in infants making independent trips in an unfamiliar environ-
ment. The overall plan was to put young ambulatory infants in
a novel situation where surfaces varying in properties defining
traversability or nontraversability stretched between the infant
and a customary objective (a parent). We observed the infant’s
spontaneous behavior before embarking on a trip over the sur-
face, including latency to leave a starting position, the explor-
atory behavior (both visual and haptic), and the displacement
(evasive or playful) behavior that occurred, as well as the man-
ner of locomotion once the trip was undertaken. Both crawling
and walking subjects were observed when presented with sur-
faces having different affordances for walking as compared with
crawling.

The rigidity of a surface—its resistance to deformation—was
chosen as the property to be focused on in the experiments to
be reported.' This property was of particular interest for several
reasons. It can be specified both optically and haptically, per-
mitting an analysis of what information specifying an affor-
dance is used. Earlier research (Gibson, Owsley, & Johnston,
1978; Gibson, Owsley, Walker, & Megaw-Nyce, 1979; Gibson
& Walker, 1984) showed that even precrawling infants can dis-
criminate differences in rigidity of objects that can be mouthed
or handled. Here we asked whether the affordance of rigid and
nonrigid surfaces was detected with respect to locomotion. The
following experiments systematically vary the deformability of
a surface, the sources of information that specify its deformabil-
ity, and the locomotor development of the infant subjects. We
asked whether the infants differentiated these surfaces behavior-
ally in both exploratory and executive actions, whether they em-
ployed appropriate means of detecting the relevant informa-
tion, and whether an infant’s locomotor development (crawling
or walking) was related to differential behavior on surfaces spec-
ifying rigidity versus nonrigidity. We reasoned that maintaining
upright posture and walking would be difficult on a deforming
surface (weight must be supported and balance maintained on
one foot as the other is lifted and moves forward), whereas it
would be feasible on a rigid surface. Crawling, with four limbs
to support the weight as the infant progressed, would be feasible
on both types of surface. A baby capable of walking was ex-
pected to detect the surface’s affordance for maintaining bal-
ance and moving ahead bipedally, in contrast to one capable
only of crawling.

We were especially concerned to observe the infants’ explor-
atory activities when confronted with these surfaces, in addition
to their hesitation or lack of it in traversing them. Exploratory
behavior of infants in handling and examining objects has been
studied and is relatively skillful in infants of the ages we ob-
served (Palmer, 1985; Ruff, 1982, 1984), but we know little

Figure 1. Model of the walkway. (The baby’s mother stands at the open
end; an experimenter stands behind the closed curtains at the entrance.
CU = curtain; SP = starting platform; CN = canopy; N = protective
nets; VS = variable surface.)

about it in the case of a surface to be traversed by an ambulatory
infant.

Experiment 1A

Two surfaces were selected for the basic experiment. One (to
be termed the rigid surface) presented both optical and haptic
information for rigidity; the second (to be termed the deforming
surface) presented both optical and haptic information for non-
rigidity. It was hypothesized that (a) infants would tend to em-
bark upon the surface presenting information for good traversa-
bility more readily than the one not specifying that affordance,
(b) that exploratory behavior would take place and delay embar-
kation on a surface specifying poor traversability, (¢) and that
locomotor development would be linked to exploration and de-
tection of traversability of the surface.

General Method

Subjects. Subjects included 16 crawlers and 16 walkers. Ages ranged
from 8 to 14 months for crawlers (M age = 10.25 months) and from 10
to 21 months (M age = 14.44 months) for walkers. Two infants did not
yield usable data, due to temperamental problems, experimenter error,
and/or because they refused to cross either surface, in which case they
were replaced. Only babies who could walk at least 10 steps indepen-
dently were classified as walkers. Subjects were located through birth
notices in the local newspaper, letters of explanation were sent to the
parents, and finally, telephone calls were made to solicit participation.

Apparatus. Walkways were constructed to hold different experi-
mental surfaces (see Figure 1). A walkway was sturdily built of wood,
222 X 104 cm in length and width. Frames at 85 cm above the floor
held the experimental surfaces, which could (with one exception) be
removed and replaced. A superstructure was built above the frames that

! Other properties, such as extension and continuity, are investigated
in further experiments.
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held the surfaces. The superstructure on the two long sides had strong,
large-meshed nets stretched along the sides for the infants’ protection.
Atone end (the starting position), a low wooden fence padded with foam
rubber formed a backing. Curtains hung behind the fence to conceal an
experimenter. The opposite end of the walkway was open. The infant’s
parent stood at this end. A platform 2 cm high extended 38 cm so as to
conceal the experimental surface at the starting position. This starting
platform was covered with burlap and was always the same. Over the
superstructure was hung an artificial ceiling made of black cloth. The
purpose of the ceiling was to permit control of lighting from the sides
or below the surfaces. The walkways were built in the center of a large
room. On the far side of the walkway was video equipment for monitor-
ing the experiment.

Surfaces. The rigid surface (R) of heavy plywood was covered with
a textured, opaque fabric of white, crosshatched by a regular geometric
pattern of brown diagonal lines, presenting excellent optical contrast.
It stretched tautly over the plywood, presenting an unwrinkled, firm
appearance and feeling hard to the touch. Both optical and haptic infor-
mation for a rigid surface was available, given an actively exploring baby.
Manual exploration would provide haptic information, and head move-
ments while looking would provide perspective transformations of the
geometrical pattern.

The deforming nonrigid surface (W) was constructed of a waterbed
covered with the same patterned fabric as the rigid, textured surface
(R). It was agitated by an unseen experimenter when it was presented
to the infant, giving a ““wavy” appearance. The surface yielded to appli-
cation of pressure, so both haptic and optical information for nonrigid-
ity was available. .

Design and procedure. Each infant was presented, once only, with
both surfaces, alternating order over subjects. The baby was encouraged
to play until it appeared to be comfortable and at ease. The parent then
placed him or her on the starting platform in a sitting position, facing
the far end. An experimenter remained standing behind the infant, con-
cealed by curtains, while the parent walked to the far end and faced the
infant. If the baby did not look immediately at the parent, the experi-
menter pointed to direct the baby’s gaze. The parent was requested to
smile at the baby silently for 30 s. After 30 s, if the infant was still on
the platform, the parent was signaled to call the baby and urge him or
her to come. After 60 s, the parent was signaled to take down a concealed
toy (a red plastic ring holding a bunch of metal keys), shake the toy, and
continue to urge the baby to come. If the baby still remained on the
starting platform after 120 s, the trial was terminated. During the proce-
dure on the walkway, the infant was continuously videotaped.

Treatment of results. Because our major data consisted of video-
tapes of the infants’ behavior in a relatively free situation, it was neces-
sary to develop a procedure for coding behavior from the tapes that was
reliable and yet captured the essence of activity that might inform us
about the child’s perception of surface properties and detection of their
affordances. We were particularly concerned with the child’s activities
before leaving the platform—for example, whether the child simply im-
plored help from the parent or whether the child engaged in his or her
own information gathering or testing. Performances of both kinds oc-
curred, but study of the tapes of a pilot study made it clear that the latter
kind of activity was more frequent and most likely to prove enlightening
for a study of how affordances are detected. Four major categories of
activity were adopted: (a) latency to leave the starting platform, begin-
ning when the parent appeared and ending when the child had three
limbs off the platform; (b) accumulated duration of visual exploration
(scanning over the surface) before leaving the platform; (c) accumulated
duration of haptic exploration before leaving the platform (touching the
surface was counted as haptic exploration only when accompanied by
looking); and (d) displacement, a term borrowed from ethological re-
search, to which the present research bears a strong relation method-
ologically. Displacement designates behavior directed away from the

“problem” confronting the infant. The child was occasionally playful
(playing with the protective nets and rubber bumpers) but often was
evasive (e.g., attempting to part the rear curtains and “escape” from
the situation). The category of displacement did not include behavior
directed exclusively at the parent, such as holding out arms toward her
or him, pointing at the surface and looking at the parent, vocalizing
with apparent intent to communicate, and so forth.

All tapes were coded independently by two coders, who practiced on
pilot tapes before starting to code. Because the behaviors we were con-
cerned with were very easy to observe, training offered no problem. A
coder watched the tape over and over, stop-watch in hand, and summed
the time an infant spent in the various categories to be coded. When
detailed activities were to be coded (such as types of haptic activity,
which could be idiosyncratic with respect to a surface), a check list was
available. Correlation coefficients were run separately for the four cate-
gories to determine interrater reliability. They ranged from .946 to .996.

Results

Mode of locomotion. Of the 16 walkers, 14 crossed the rigid
surface to the parent, 9 crawling and 5 walking.? Twelve crossed
the waterbed surface, all 12 crawling. Of the 16 crawlers, 13
crossed the rigid surface and 1 1, the waterbed.

Latency to initiate locomotion. Histograms (see Figure 2)
show the mean latencies to initiate locomotion on the two sur-
faces. Each pair represents the same subjects. Walkers took rela-
tively longer to initiate locomotion on the waterbed than on the
rigid surface, but crawlers did not. Analysis of variance indi-
cated an F(1, 28) of 2.116, p = .157, for the main effect of sur-
face. The interaction of surface and motor development was not
significant, F(1, 28) = 1.709, p = .202.

Visual exploration. The mean accumulated time spent in
visually exploring the surfaces is graphed in Figure 2. There was
considerably more visual exploration of the waterbed than of
the rigid surface—more than three times as much by the walk-
ers. Analysis of variance indicated a significant main effect of
surface, F(1, 28) = 10.797, p = .003. The Surface X Motor De-
velopment interaction was near significance, F(1, 28) = 3.175,
p = .086.

Haptic exploration. The walkers spent more than twice as
much time in haptic exploration of the waterbed surface as of
the rigid surface, but there was no difference for crawlers.
Differences were not statistically significant, however, for sur-
face, F(1, 28) = 2.308, p = .140, nor was there an interaction
with motor development, F(1, 28) = 1.652, p = .209. There
were large individual differences, but some walkers felt the sur-
face intently and in a distinctive manner, pushing it with both
hands and putting considerable weight on it. Watching them on
the tapes gives the inescapable impression that they were “try-
ing it out.” Haptic exploration was coded by two observers for
differential use of hands and feet, and type of action. Compari-
sons across surfaces suggest that there may have been some
differentiation by type of haptic exploration. Exploration with
the feet was rare, but it did occur with half the walkers on the
waterbed (not at all with crawlers, however). Feeling or rubbing

2 The number of walkers on the rigid surface might have been greater
ifinfants had not all been placed on the platform seated (whether or not
they wished to stand), because there was no handhold to pull up on
when rising.



536

GIBSON, RICCIO, SCHMUCKLER, STOFFREGEN, ROSENBERG, TAORMINA

Latency Haptic
Mothey  SSconds Seconds Exploration
Shakes Keys ZZ: % 20~
1S5+
Mother 40 / /
Calls / / 1of
alis 30+ % % 5 7
20F - 2
Crawl Walk Crawl Walk
Visual Displacement
Explorati
Seconds e Seconds
20 20
15 / 15k
IZ: % % IO: 7
(N = IENIE 1N |
R W
?Jravvivl RWGI\: Crawl Walk

Figure 2. Responses of crawlers and walkers to a rigid textured plywood surface (R) compared with a

textured deforming surface (W) in Experiment 1A.

the surfaces occurred with more than half of all babies, both
walkers and crawlers, and was about the same for the two sur-
faces. Patting the surface was fairly frequent, but less so on the
waterbed. On the other hand, more pushing (putting weight on
the surface with both hands) occurred with the waterbed.

Displacement and evasive behavior. The mean time spent
in displacement behavior can be compared in Figure 2. The
waterbed elicited more displacement and evasive behavior in
walkers, but less, if anything, in crawlers. Analysis of variance
indicated no main effect of surface, F(1, 28) = 0.727, p = .401,
but a very significant interaction between surfaces and motor
development, F(1, 28) = 9.107, p = .005.

Multivariate analysis. In view of the suggested disparity be-
tween crawlers and walkers on the waterbed compared with the
rigid surface on several measures, a multivariate analysis of
variance was performed including all four of the measures. For
crawlers considered separately as a group, the four variables
taken together did not differentiate the two surfaces, F(4, 27) =
1.55, p = .215. But for the walkers, the four variables differenti-
ated the two surfaces significantly, F(4, 27) = 3.59, p = .018.
When the two groups (crawlers vs. walkers) were compared,
they were differentiated significantly by this analysis, F(4, 25) =
3.06, p =.03S.

The four dependent measures made various contributions to
the differences found in the multivariate analyses of variance.
Canonical discriminant analyses were run to examine the pre-
dictive value of the four measures in differentiating the rigid

surface from the waterbed for walkers. Visual exploration made
the largest contribution (structure coefficient = .686), displace-
ment was next (structure coefficient = .551), haptic exploration
third (structure coefficient = .490), and latency made the small-
est contribution (structure coefficient = .324).

The predictive value of the four measures for differentiating
walkers from crawlers on the waterbed/rigid comparison
showed the heaviest weighting for displacement (structure co-
efficient = .84), visual exploration second (.54), haptic explora-
tion third (.43) and latency fourth (.41). Displacement may in-
dicate the presence of conflict when a mother tries to entice her
child onto an apparently unsafe surface; the waterbed surface
evidently looked uninviting to walkers, but not to crawlers.

Discussion

With respect to our first question, whether the surfaces are
differentiated behaviorally, the results suggest a qualified yes.
As we had expected, the rigid surface, which we adopted as a
standard, tended to have a shorter latency for initiation of tra-
versal and elicited a moderate amount of visual and haptic ex-
ploratory behavior and displacement activity, as compared with
a nonrigid surface (the waterbed) in the case of the walkers. The
crawlers, on the other hand, did not differentiate these two sur-
faces except by somewhat longer visual exploration. This
difference is not surprising for an-affordance theory, because the
waterbed surface affords adequate support for crawling but not
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Figure 3. Comparison of Experiment 1a—waterbed (W) and rigid (R)
surfaces—with Experiment 2—waterbed (W) and rigid (R;) surfaces
under Plexiglas. (Values plotted are mean difference scores [W — R] and
[W, — R,]. All subjects are walkers.)

each child could be its own control. The histograms represent
the mean differences for each experiment. Positive values indi-
cate that the measure for the experimental condition exceeded
that for the standard (rigid) condition.

A multivariate analysis of variance was performed on the
differences between the standard and comparison surfaces
within the two experiments. When the four variables were
pooled as predictors in the analysis, the conditions in the two
experiments were significantly differentiated, F(4, 33) = 4.34,
p = .006. A canonical discriminant analysis yielded structure
coefficients of .75 for displacement, .63 for visual exploration,
.33 for latency, and .33 for haptic exploration, the first two hav-
ing the strongest predictive value.

The comparison between the means of the two experiments
does not support a visual dominance hypothesis, that optical
information—in this case, for deformability—will determine
the perceived affordance and override competing haptic infor-
mation. The infants apparently detected the rigidity of the Plex-
iglas surface covering the waterbed by haptic testing and were
capable of using the haptic information. However, it is possible
that self-initiated change or nonchange in the optic array
(change in the case of Experiment 1 and no change in this exper-
iment) is perceived as a consequence of haptic activity and is
attended to as a particularly informative event for discovering
the affordance of a surface. It is also the case that haptic and
optical information are contradictory in this experiment. The

_next experiment adopted the strategy of varying optical infor-
mation without placing it in conflict with haptic. In it we inves-
tigated the perception of a surface’s affordance when optical in-
formation was reduced while haptic information was still avail-
able.

Experiment 3A

In this experiment, optical information for a surface’s affor-
dance for traversability was manipulated by presenting a walk-
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way with a textureless surface. Black matte velveteen covered a
plywood surface. Lighting was such that no texture was discern-
ible to an adult eye, nor were there any nonhomogeneities in
reflection. Because inhomogeneity of texture is a major condi-
tion for specifying a surface (Gibson, Purdy, & Lawrence,
1955), this surface presented little optical information for either
rigidity or nonrigidity. It was contrasted with the textured rigid
surface used as a standard in the previous experiments. Because
both surfaces were hard to the touch, haptic information could
be obtained for their rigidity in each case. The textured surface
provided good optical information, whereas the black velveteen
textureless surface did not.

The two surfaces were presented in a single walkway, one at
a time, following the procedure of Experiment 1A. Subjects
were 16 crawlers and 16 walkers; mean age was 10.25 months
for crawlers (range = 8—14 months) and 14.63 months for
walkers (range = 12-20 months). Five other infants were not
included for reasons of experimenter error, refusal to embark
on any surface, or temperamental problems.

Results

Mode of locomotion. All 16 walkers crossed the patterned
rigid surface, and 14 crossed the black velveteen surface. They
crossed the two surfaces walking an equal number of times (6
on each). Fourteen of the 16 crawlers crossed each of the two
surfaces.

Latency to initiate locomotion. Figure 4 presents histo-
grams for mean latencies to initiate locomotion on the two sur-
faces. Both crawlers and walkers took longer to embark on the
black velveteen surface than on the textured surface. Analysis
of variance showed a significant effect of surface, F(1, 28) =
5.092, p = .032, but no interaction of surface with motor devel-
opment, F(1, 28) = 0.020, p = .890.

Visual exploration. Despite the longer latencies for embark-
ing on the black velveteen surface, it elicited no more (in fact,
rather less) visual exploration than did the textured surface.
This finding suggests that relative optical inhomogeneity (visu-
ally perceptible texture) triggers visual attention and explora-
tion. Attention to inhomogeneity as opposed to homogeneity
has often been documented by looking-preference experiments
with infants (Berlyne, 1958; Fantz, 1958; Karmel, 1969). Anal-
ysis of variance indicated no difference between the two sur-
faces, F(1, 28) = 1.662, p = .208, nor any developmental inter-
action, F(1, 28) = 1.72, p = .288.

Haptic exploration.  As was the case with visual exploration,
the histograms in Figure 4 show that the black velveteen surface
elicited no more haptic exploration than did the patterned sur-
face. Analysis of variance indicated no difference between sur-
faces, F(1, 28) = 0.028, p = .896, nor any developmental inter-
action, F(1,28) = 0.441, p = 512.

Displacement. Mean times spent in displacement activities
on the two surfaces are presented in Figure 4. The times for the
black velveteen surface exceeded those for the patterned sur-
face. Analysis of variance indicated a significant difference be-
tween the two surfaces, F(1, 28) = 5.926, p = .022. The interac-
tion with motor development was not significant, F(1, 28) =
1.290, p = .266.

These results suggested, on the basis of longer latencies to em-
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Figure 4. Responses of crawlers and walkers to a surface offering good optical and haptic information for
rigidity (R) compared with a surface offering good haptic information but poor optical information (Rgy).

This condition resulted in very large individual differences.
The great variability may be attributed to the fact that the sur-
face, unless prodded, provided the same information as the
black velveteen over plywood. Haptic activity produced rip-
pling and optical inhomogeneity, but there was a wide range in
the time spent in haptic exploration; the range was from 2 s.to
115 s in waikers, and from 0.5 s to 44 s in crawlers. Statistical
comparison of this condition with the black velveteen over ply-
wood condition, because of this variability, did not yield very

Experiment 4B

In this experiment, the waterbed covered with black velve-
teen was again compared with the rigid textured surface exactly
as in Experiment 4A, except that the waterbed was agitated by
an unseen experimenter as in Experiment 1A. Waves were ap-
parent on the otherwise textureless surface upon its presenta-
tion to the infant. Subjects were new groups of 16 crawlers (M
age = 10.09 months; range = 7-16 months) and 16 walkers (M

| ‘
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crawlers, F(1, 30) = 0.435, p = .515. Exploratory behavior in-
creased in both cases, as expected, but overall it increased more
for walkers.

Fourteen of the crawlers crossed the rigid patterned surface,
and 12 crossed the waterbed. Fifteen of the walkers crossed the
rigid patterned surface, but only 9 crossed the waterbed. Eight
of the 16 walkers in this experiment walked to their mothers
on the rigid texture control surface. Two tried to stand on the
waterbed but fell. One, after 14 s of haptic exploration, stood
up, balanced with arms outstretched and feet wide apart for 90
s, and then carefully walked to his mother (amid applause)—
the only one of our many subjects to manage this feat.

General Discussion

As infants become capable of independent locomotion, most
actively seek information about an unfamiliar terrain ahead of
them that must be traversed to reach a goal. They examine the
terrain both visually and haptically, the amount and type of ex-
ploration varying with properties of the surface to be traversed,
the information specifying these properties, and the child’s lo-
comotor development. In line with the concept of affordances,
we interpret these results as indicating that infants perceive the
traversability of surfaces in relation to the mode of locomotion
(crawling or walking) characteristic of their developmental stage
and that they do so by actively detecting optical and haptic in-
formation that specifies traversability.

Are we, in fact, justified in this interpretation? Four separate
experiments confirmed the difference between walkers’ and
crawlers’ responses to the waterbed; unlike crawlers, walkers
tended to hesitate longer before crossing it, to choose a rigid,
patterned surface as an alternative when a choice was offered,
to engage in more exploratory activity when confronted with
the waterbed, and to divert their attention away from it to a
greater extent. In all four experiments, more walked on the rigid
surface than on the waterbed, whereas there was no distinction
in mode of locomotion in the black velveteen standard compar-
isons. But walkers are, in general, older than crawlers. Is this
difference in approaching a nonrigid surface due simply to a
few months’ difference in age? Walking and age are so tightly
correlated that we could not, with the number of subjects avail-
able to us, separate the two groups while holding age constant,
though there was occasional overlapping. Furthermore, mode
of locomotion is a dichotomous variable. But age as such is not
a causal variable—only biological and cognitive processes and
constraints that develop with age could be. The variables that
we coded might reflect such constraints. Latency in many tasks
decreases with age (although in the case of the waterbed, latency
increased). Active exploration might increase with age, and di-
version of attention away from the “central” task also might,
under some circumstances. Because all of these variables are
graded ones, it was possible to correlate them with age.

Using the data from Experiment 1A, we ran correlations be-
tween age and all four of the coded measures on both the rigid
and the waterbed surfaces, for crawlers alone, for walkers alone,
and for the two groups pooled, making 24 correlations in all.
Of these, only 5 were significant, all of them occurring for the
waterbed surface. Two of these were for the walkers alone: with
latency, r = .36, p < .05; with visual exploration, r = .54, p <

.001. Two were for the pooled groups: visual exploration, r =
.34, p <.01; displacement, r = .26, p = .01. One was for crawlers
alone, with haptic exploration, r = .31, p < .05. Among 24 cor-
relations, a few low but significant ones might be expected to
occur at random. The only impressive one of these is the corre-
lation for the walkers with visual exploration, which seems to
make good sense in terms of the affordance hypothesis; the
older walkers may have learned to engage in more extensive vi-
sual examination of a surface in motion as they gained more
experience in balancing on two legs. The lack of any correlation
between age and exploratory activity on the other surface sug-
gests (a) that development of exploratory activity overall has
reached basic competence by the ages tested in this experiment,
as we might expect from earlier studies of object exploration,
and (b) that differences depend on other factors, such as the
task, physical characteristics of the subject, and the situation
encountered (in this case a nonrigid surface encountered by
subjects characterized by two different modes of locomotion).

During the period of growth between crawling and walking,
human infants are presumably developing increasing commu-
nicative competence. It was possible, in our experiments, that
some infants would watch the parent and solicit reactions or
“cues” (Sorce, Emde, Campos, & Klinnert, 1985), despite the
fact that the parent was instructed to smile and to urge the in-
fant in a positive way for all the surfacs presented. For this rea-
son, a coding system was devised for what we termed communi-
cative behavior. There were three major categories: negative be-
havior, positive behavior, and commenting. Negative behavior
included vocalizations (e.g., saying no), whining or crying while
looking at the parent, shaking the head, and stretching out arms
toward the parent, as if requesting to be picked up. Only behav-
ior while the infant was on the platform was included (very little
occurred during traversal of a surface). Positive behavior in-
cluded positive vocalizations, such as playful sounds, giggling,
and babbling, waving arms and legs, rocking, and smiling. Com-
menting was any vocalization or pointing that drew the parent’s
attention to the surface while observing the parent’s reaction.
These latter gestures were infrequent but unmistakeable. The
infants did not appear to be seeking the parent’s advice (the
parent was, after all, urging them to come), but calling attention
to some feature of the surface.

These behaviors were coded for all subjects and all surfaces
in Experiments 1A and 3A. The differences between the rigid
textured surface and the other two (the textured waterbed and
the black velveteen over plywood) were small and insignificant,
indicating the relative noninformativeness of this kind of behav-
ior compared with behavior directed toward exploring the sur-
face or with displacement. Frequency of communicative behav-
ior did not differentiate the surfaces, not did the quality of it,
that is, whether it was positive or negative in affective tone. It
appeared from these data that communicative behavior in this
situation is more likely attributable to characteristics of the in-
dividual infant. Differences between crawlers and walkers were
apparent only in a few instances of words (e.g., saying no) in
walkers. They were not related to a particular surface.

Could the difference between crawlers and walkers be inter-
preted in terms of familiarity and novelty? Recent research on
infants has generally capitalized on a preference for attending
10 a novel display rather than a highly familiar alternative or for
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differentiation of rigid and deformable surfaces tells us, and it
results in a kind of perceptual learning. There is no overall role
of dominance for haptic or optical information. Both are ac-
tively obtained, but circumstances alter the role of the two, both
for obtaining the information and in its control over action. Ex-
periments 4A and B showed an exchange in the frequency of
haptic and visual exploration; haptic was more prominent when
no “waves” were simply presented to the infant, but visual ex-
ploration was more prominent when they were. When the black
velveteen surface was rigid (Experiment 3A), exploration of
both kinds was at a minimum. There was little to look at, and
haptic exploration had no optical consequences. Control of ac-
tion, however much dependent on results of information get-
ting, is a different problem, and it is closely linked to perceived
affordances for executive action, such as going somewhere ei-
ther on all fours or else on two legs. In the case of a visual cliff
with no visible surface at the perceiver’s feet, the affordance for
crossing is negative. (This is true even for most adults, however
knowledgeable they may be about the presence of Plexiglas.)
In the case of an optically impoverished, opaque, rigid surface,
hesitation is the usual case, but eventually locomotion ensues.
In the case of a deforming surface, both optical and haptic infor-
mation is sought, but action is controlled in relation to motor
development and affordance for the type of action. Rather than
engaging in speculation over dominance, it seems more profit-
able to study just how exploratory activity develops and how its
consequences are used under varied circumstances for control-
ling action. :

The picture this research suggests of the maturing infant con-
fronted with a novel surface is one of a creature prepared (per-
haps through evolutionary history) to attend to a surface that
must be traversed; to explore it actively, both visually and hapti-
cally, depending on the information available; to observe the
consequences of self-initiated exploration; and to detect in this
way its affordances for locomotion in a particular mode. It sug-
gests that perception, exploration, and action are closely inter-
twined in development. The theory of affordances highlights the
interconnection of these capacities and thus provides a valuable
perspective on development.
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