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Abstract When making relative distance judgments, adults
attend to information provided by the ground surface and
generally ignore information provided by ceiling surfaces. In
the present study, we asked whether this ground dominance
effect is present in infancy. Groups of 5- and 7-month-old
infants viewed a display depicting textured ground and ceiling
surfaces. Two toys, which were attached to vertical rods, were
affixed to the display. The toys/rods were positioned so that
one toy was specified as being nearer by the ground surface
but farther away by the ceiling surface, while the other toy was
specified as being farther away by the ground surface but
nearer by the ceiling surface. Under monocular viewing con-
ditions, the infants in both age groups reached preferentially
for the toy that was specified as being nearer by the ground
surface. This effect was significantly stronger than that ob-
served under binocular viewing conditions. The findings in-
dicate that the infants responded to the distance information
provided by the ground surface to a greater extent than to
information provided by the ceiling.

Keywords Infant vision . Perceptual development . Texture
cues .Ground dominance effect . Pictorial depth cues .Depth
perception . Distance perception

Gibson (1950) argued that the ground surface is uniquely
important for spatial perception because we are terrestrial
beings who depend on the ground surface for locomotion.
Consistent with this view, research with adult participants
has indicated that the ground surface plays a dominant role
in the perception of spatial layout (e.g., Feria, Braunstein, &
Andersen, 2003; He, Wu, Ooi, Yarbrough, & Wu, 2004;
Meng & Sedgwick, 2001, 2002; Sinai, Ooi, & He, 1998;
Wu, He, & Ooi, 2008). For example, Sinai et al. showed that
the presence of discontinuities on a ground surface strongly
affected distance perception and visually directed action.

If the ground surface is of special importance among the
surfaces of our environment, it should be superior to ceiling
surfaces and other planes in perceptual tasks. Indeed, several
studies have provided evidence that visual search is made
more efficient by a ground-like instead of a ceiling-like
arrangement of the search array (McCarley & He, 2000,
2001; see also Morita & Kumada, 2003). Moreover, a
ground surface facilitates 3-D size estimation (Champion &
Warren, 2010) and detection of change (Bian & Andersen,
2010) more than ceilings and other surfaces do, and visual
space is perceived as being less compressed when viewing a
ground surface than when viewing a ceiling surface (Bian &
Andersen, 2011).

The ground surface also plays a dominant role in the
perception of relative distances. Bian, Braunstein, and
Andersen (2005) showed adult participants two rods sur-
rounded by ground and ceiling surfaces. One of the rods
covered more ground texture than ceiling texture, and the
other covered more ceiling texture. As a result, the two
surfaces provided contradictory information about the rods’
distances. For example, in Fig. 1, which shows a display
similar to those used by Bian et al. (2005), the ground
surface specifies that the left rod/toy is near, and the ceiling
specifies that it is far away. In contrast, the ground surface
specifies the right rod/toy as being far away, and the ceiling
specifies that it is near. Bian et al. (2005) found that the
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rods’ perceived relative distances were determined by the
ground surface. The participants judged the rod that covered
more ground texture to be nearer, disregarding the depth
information from the ceiling. This ground dominance effect
was independent of differences in the rods’ heights. More-
over, Bian, Braunstein, and Andersen (2006) found that the
ground dominance effect was independent of location in the
visual field: It occurred when the ground and ceiling surfa-
ces were both positioned above the fixation point, when
both were below the fixation point, and when one was above
and the other below the fixation point. In a developmental
study, Bian and Andersen (2008) showed that younger as
well as older adults responded to the ground dominance
effect. However, the effect was weaker in the older
participants.

It has remained unknown whether the ground surface
dominates spatial perception early in life as well as in
adulthood. The ground dominance effect may be a bias that,
through evolution, has become a part of our perceptual
system (e.g., McCarley & He, 2000), since most of our
motor acts rely on the ground plane (Gibson, 1950). If this
is true, even infants might be subject to the effect. In the
present study, we investigated the effects of ground versus
ceiling surface texture on the perception of relative distance
in 5- and 7-month-old infants. We used a preferential reach-
ing method similar to that used previously in studies of
infants’ responsiveness to the distance information provided
by surface texture.

Several studies have demonstrated that infants respond to
objects’ relative distances specified by texture cues
(Arterberry, 2008; Arterberry, Yonas, & Bensen, 1989;
Hemker, Granrud, Yonas, & Kavšek, 2010; Hemker &
Kavšek, 2010; Yonas, Elieff, & Arterberry, 2002; Yonas,
Granrud, Arterberry, & Hanson, 1986). For example, Yonas
et al. (2002) showed 5- and 7-month-old infants two equidis-
tant toys that were attached to a depiction of a textured ground
surface that appeared to recede in depth. One toy was posi-
tioned near the lower edge of the surface, and the other was
near the upper edge. The lower toy appeared to be within
reach, and the upper one beyond reach. Yonas et al. (2002)
found that individual infants began to display reliable reaching
preferences for the apparently nearer toy between 5 and 6 1/
2 months of age. With a similar display, Hemker et al. (2010)

found preferential reaching in 5- and 7-month-old infants.
However, the reaching preference was stronger among the
older than among the younger infants. In an additional condi-
tion, the ground texture was omitted from the display, making
the differential relative heights of the toys the sole pictorial
depth cue. Again, the 7-month-old infants reached preferen-
tially for the apparently nearer toy, whereas the 5-month-old
infants did not respond to the distance information specified
by relative height in isolation. The 7-month-olds’ reaching
preference was significantly stronger in the texture-cues-plus-
relative-height condition than in the relative-height-as-the-
sole-depth-cue condition. These findings suggest that infants
5 and 7 months of age respond to the distance information
provided by texture cues and that relative height is a weaker
source of information for distance. Hemker and Kavšek
(2010) complemented this research by showing that infants
are more sensitive to the linear perspective of the texture’s
surface contours than to the texture gradients of compression,
perspective, and density.

The present study extended these earlier studies and
examined whether infants display a ground dominance ef-
fect in perceiving objects’ relative distances. Five- and 7-
month-old infants were shown a display in which toys were
affixed to rods that made contact with a textured ground and
a textured ceiling (Fig. 1). To maximize the effectiveness of
the distance information provided by surface texture, highly
regular textures adapted from Hemker et al. (2010) were
used. The rods’ positions were manipulated so that the
ground and ceiling provided contradictory information
about the rods’/toys’ relative distances. To minimize the
impact of relative height, the toys were positioned at the
same height.

The infants viewed the display under monocular (one eye
patched) and binocular conditions, and their reaches toward
the two toys were observed. Only reaches for the toys were
analyzed; reaches to other parts of the display were not
recorded. On the basis of previous findings that infants tend
to reach toward the nearer of two objects, and that infants
respond to depth illusions created by pictorial depth cues
under monocular but not binocular viewing conditions (e.g.,
Yonas & Granrud, 1985), we expected the infants to reach
preferentially toward the toy that they perceived as being
nearer in the monocular condition. The binocular condition

Fig. 1 Example of an experimental display. The ground and ceiling
textures provide contradictory information about the relative distances
of the two toys. The background texture was a rectangular picture, and

the toys were rubber toys attached to rods. The rubber toy–rod combi-
nations were held in place by magnets
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served as a control for the possibility that infants might
reach more often for one of the toys for a reason other than
a perceived depth difference. If the infants’ reaching behav-
ior was determined by two-dimensional features within the
display, no difference in reaching should be found between
the viewing conditions, because these features were present
in both conditions. If infants exhibited a stronger reaching
preference for the apparently nearer toy (as specified by the
ground surface) under monocular than under binocular con-
ditions, this would provide evidence that they responded to
the relative distance specified by texture on the ground in
the monocular condition and to binocular information spec-
ifying that the toys were equidistant in the binocular
condition.

Method

Participants

A group of 21 5-month-old infants (10 females, 11 males;
mean age 0 153 days, range 0 148–160 days) and another of
27 7-month-old infants (13 females, 14 males; mean age 0

214 days, range 0 209–221 days) participated in the exper-
iment. In the 5-month-old group, 30 additional infants were
not included in the final sample because of too few reaches
(n 0 7), fussiness (n 0 18), or reaching for only one side in
all trials of one or both (monocular and binocular) viewing
conditions (n 0 5). In the 7-month group, 24 additional
infants were excluded because of too few reaches (n 0 3),
fussiness (n 0 17), reaching for only one side in all trials of
one or both viewing conditions (n 0 3), or experimenter
error (n 0 1).

The participants were recruited by letter and follow-up
telephone calls. The names of the infants were obtained
from birth records provided by the municipal authorities of
the city of Bonn, Germany. Data protection was guaranteed.
The infants’ parents were given toy animals. After the study,
they were provided with information about the results of this
research. All participants were treated in accord with the
ethical guidelines of the American Psychological Associa-
tion and the Society for Research in Child Development,
and the study was approved by the ethics committee of the
Institute of Psychology at the University of Bonn.

Apparatus

The display was a 119 cm wide × 27 cm high (134.42° ×
56.74° at a viewing distance of 25 cm) rectangular picture.
The display depicted two black-and-white, regularly spaced
textured surfaces—a ground and a ceiling surface—that
appeared to recede in depth (Fig. 1). The display was fixed
on a white 170 × 120 cm planar surface. Two black side

panels (185 × 95 cm), which were oriented at a 100º angle
from the experimental display, blocked the room and the
experimenters from the infants’ view. An orange-colored
curtain 13.5 cm from the display could be lowered to cover
it. Two cameras recorded the infants’ reaching and looking
behavior. One camera (model Hercules Classic Silver) was
mounted above the display. It was directed downward and
videotaped the infants’ reaches. The other camera (model
Logitech Webcam C905) was positioned in the middle of
the display. This camera was used to observe the infant’s
looking and reaching behavior. The lens of the camera was
black and was nearly indistinguishable from the black mid-
dle area of the display. The room was illuminated such that
there were no reflections or shadows on the experimental
display.

Stimuli

The textured surfaces consisted of white trapezoids on a
black background. The ground surface was 11 cm high.
The trapezoids in the lowest row of the ground surface were
1.8 cm away from the bottom edge of the display and 2.5 cm
high. The upper row of trapezoids had a height of 0.4 cm.
The stripes of black background were 1 cm high at the
bottom of the ground surface and 0.16 cm high at the top
of the surface. The trapezoids’ bottom contours were 3.2 cm
wide at the bottom of the ground surface and 0.8 cm wide at
the top. The black background stripes were 2 cm wide at the
bottom and 0.4 cm wide at the top of the ground surface.
The ceiling surface was constructed by rotating the ground
surface by 180°. The distance between the ground and the
ceiling surface was 5 cm.

Two identical rubber toys attached to rods were affixed to
the display (see Fig. 1), held in place by magnets. Each
target (rubber toy–rod combination) was placed 7 cm in
horizontal distance from the center of the display. Three
pairs of targets were used: two orange penguins attached
to orange rods, two green and yellow frogs attached to
yellow rods, and two blue monkeys attached two blue rods.
The rods’ colors were similar to the rubber toys’ colors in
order to accentuate their coherence. When affixed to the
display, the targets induced strong depth impressions. After
the experiment, the parents were asked to describe the
display. They consistently reported that they perceived the
depth effect. None indicated that they perceived the rods as
being slanted in depth. Furthermore, none reported that they
perceived the upper target as being elevated above the
ground. We additionally asked several adults whether they
perceived the rods as slanted in depth or elevated above the
ground. None answered either question in the affirmative.
The rubber toys measured 4 × 4 × 4 cm; the rods measured 3 ×
14.5 cm. One rubber toy of each target pair was attached
10.25 cm above the lower edge of the rod, and the other
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rubber toy was attached 4.25 cm above the lower edge of the
rod. When affixed to the display, the rubber toys were on the
same horizontal axis. They were positioned in the black gap
between the ground and the ceiling surfaces. One rod covered
more texture of the ground than of the ceiling surface, and the
other rod covered more texture of the ceiling than of the
ground surface.

Procedure

Before testing began, the experimenters explained the pro-
cedure to the parents. The parents then read an information
sheet and signed a consent form. The infants were given the
opportunity to play with replicas of the experimental targets.
The toys in these replicas were attached to the middle of the
rods. The infants were given the targets in a random order
for approximately 15 s each. The goal of this warm-up phase
was to make the infants familiar with the unity of the rubber
toys and the rods.

The parent was then seated on a chair with wheels that
moved on a runner. The parent could easily roll the chair
toward the display. The infant was seated on the parent’s lap.
Parents were instructed to hold their children around the waist
and to keep them positioned in the middle of the two toys.
This point was marked on the curtain, so that the infant’s
position could be adjusted. Other than monitoring the child’s
position, parents were asked not to interact with their children
during the experiment. The study’s hypotheses were explained
after completion of the experimental session.

At the beginning of a trial, the infant was 45 cm from the
display. If the infant did not orient to the display, a bell
positioned behind the display was rung for approximately
5 s to attract the infant’s attention. The parent was then
instructed to roll toward the display. At the nearest point, the
infant was approximately 25 cm from the display. The shoul-
der height of the infants was at the height of the rubber toys,
such that both toys were equally easy to reach. When the
infant had reached for one of the toys or when 30 s had elapsed
without a reach occurring, the parent was instructed to roll
away from the display. Then, the next trial was initiated.

At the beginning of the experiment and after every third
trial, the display was covered by the curtain. One experi-
menter then changed the targets (penguins vs. monkeys vs.
frogs) and their positions (lower rod on the left vs. lower rod
on the right side). The orders of presentation of the targets
were the same in both viewing conditions. The targets’
initial position was randomly assigned to the participants.

The infants viewed the display in two blocks of trials:
monocular and binocular. In the monocular condition, one
eye was carefully occluded by a hypo-allergenic adhesive
eye patch. It was randomly determined which eye was
covered. Each viewing condition had a maximum of 18
trials. After the infant reached this maximum in the first

condition, the infant took a 3- to 5-min break before the
second condition started. Additional breaks were taken
whenever the infant appeared to be tired or inattentive or if
the infant did not reach for the rubber toys in several
successive trials. If the infant was too fussy to continue,
the experimental session was terminated. The first condition
was stopped and was followed by the second condition after
18 trials or if it was necessary to take a break, provided that
the infant had reached for one of the toys at least six times.
Only infants who made at least six directed reaches in each
condition were included in the final sample.

The order of the viewing conditions was counterbalanced
across the sample. In the 5-month-old sample, 10 infants
started with the monocular condition and 11 with the binocu-
lar condition. In the 7-month-old sample, 14 infants started
with the monocular and 13 with the binocular condition.

Criteria for scoring infants’ reaches Two experimenters
observed the infant’s looking and reaching behavior on a
computer monitor attached to the two cameras that filmed
the infant. The experimenters independently scored the di-
rection of the infant’s reaches by pressing buttons attached
to a computer. The interrater agreement was very good (see,
e.g., Landis & Koch, 1977), κ 0 .87 (Cohen, 1960). If the
two experimenters had scored a trial differently, they jointly
coded the trial again from videotape.

Criteria for directed reaching Directed reaching for one of
the two toys was scored if the infant looked at the toy before
reaching for it. In the case of an infant reaching for both toys
simultaneously, a directed reach was scored for the toy that
was fixated. Reaching for the rods or any other contact with
the display was scored as “without direction.” Reaches
“without direction” and trials in which no reach occurred
were excluded from the data analysis. Only directed reaches
were analyzed.

Results

Directed reaches were divided into reaches to the toy whose
rod covered a greater proportion of the ground surface (“low-
er” target) and reaches to the toy whose rod covered a greater
proportion of the ceiling surface (“upper” target). The percent-
age of reaches to the lower target was computed for both the
monocular and binocular viewing conditions by dividing the
number of reaches to the lower target by the total sum of
reaches to the lower and upper targets. The percentages of
reaches to the lower target were statistically analyzed. If the
percentage of reaches to the lower target was significantly
higher under monocular than under binocular viewing con-
ditions, this would indicate that the infants responded to the
pictorial depth cues in the experimental display.
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A preliminary data analysis found no effects of viewing
condition order (monocular vs. binocular trials first) and
initial target position (lower target on the left vs. the right).
The data from these groups were therefore combined for
subsequent analyses. Sex interacted significantly (α 0 .05)
with age and viewing condition (monocular vs. binocular),
F(1, 44) 0 11.16, p 0 .002, ηP

2 ¼ :20 . The 5-month-old
female infants exhibited a significantly higher percentage of
reaches to the lower target in the monocular (M 0 69.81,
SD 0 11.56) than in the binocular (M 0 49.31, SD 0 13.16)
viewing condition, paired t(9) 0 4.05, two-tailed p 0 .003,
effect size d 0 1.28. This effect was smaller and nonsignif-
icant in the 7-month-old females (monocular, M 0 61.65,
SD 0 16.67; binocular, M 0 56.64, SD 0 12.55). In the male
sample, the 7-month-olds reached significantly more often
for the lower target under monocular than under binocular
conditions (monocular, M 0 61.78, SD 0 14.90; binocular,
M 0 41.95, SD 0 10.33), paired t(13) 0 3.68, two-tailed p 0
.003, d 0 0.98. The 5-month-olds, however, exhibited no
monocular–binocular difference (monocular, M 0 57.14,
SD 0 19.14; binocular, M 0 60.61, SD 0 8.61). These sex
differences are difficult to explain and have not been ob-
served in prior research on infant pictorial depth perception.
They may be an artifact of having small samples when the
participants are divided into groups of boys and girls. We
therefore collapsed the data across both sexes.

Table 1 presents the mean numbers of directed reaches
and the mean percentages of reaches to the lower target.
Percentages of reaches to the lower target were analyzed in a
2 × 2 mixed ANOVA with age (5 vs. 7 months) as a
between-subjects factor and viewing condition (monocular
vs. binocular) as a within-subjects factor.

The analysis revealed a significant main effect for viewing
condition, F(1, 46) 0 10.54, p 0 .002, ηP

2 0 .19. The main
effect of age did not reach statistical significance. Moreover,
no significant interaction between viewing condition and age
emerged. The main effect for viewing condition indicated a
higher percentage of reaches to the lower target in the mon-
ocular (mean percentage 0 62.36, SD 0 15.95) than in the
binocular (M 0 51.74, SD 0 13.17) viewing condition.

A planned paired t test was calculated for each age group
to further investigate the effect of viewing condition on the
percentages of reaches to the lower target. For the 5-month-
old infants, the effect of viewing condition was significant
in a one-tailed test, t(20) 0 1.75, p 0 .048, d 0 0.38 (see
Table 1). For the 7-month-olds, the effect of viewing con-
dition was highly significant in a two-tailed t test, t(26) 0
2.91, p 0 .007, d 0 0.56 (see Table 1).

In sum, both age groups exhibited a stronger reaching
preference for the lower target under monocular viewing
than under binocular viewing. Planned analyses showed that
this effect was slightly stronger in the older than in the
younger participants. The overall ANOVA, however, did
not reveal a substantial age difference: The effect of viewing
condition was not modulated significantly by age.

In addition, planned one-sample t tests were conducted,
which compared the percentages of reaches to the lower
target in each viewing condition to chance (50 %). The
infants reached to the lower target significantly more often
than 50 % of the time in the monocular condition, t(47) 0
5.37, p ≤ .001 (two-tailed), d 0 0.78, but not in the binocular
condition, t(47) 0 0.91, p 0 .37. Similarly, analyses for each
age group separately showed that both the 5-month-olds,
t(20) 0 3.58, p 0 .002, d 0 0.78, and the 7-month-olds,
t(26) 0 3.94, p 0 .001, d 0 0.76, reached significantly more
than 50 % of the time for the lower target in the monocular
viewing condition. In the binocular condition, the percent-
age of reaches to the lower target was marginally greater than
50 % for the 5-month-olds, t(20) 0 1.97, p 0 .063, and did not
differ from chance for the 7-month-olds, t(26) 0 –0.38, p 0 .71.

Participant loss was high, which is typical in preferential
reaching studies (e.g., Corrow, Granrud, Mathison, &
Yonas, 2011, 2012; Yonas & Granrud, 2006). This was
probably due, in part, to our strict inclusion criteria. For
example, all reaches in which the infants did not look at the
toy for which they were reaching were excluded from the
data analysis (see also Hemker et al., 2010). However,
Slaughter and Suddendorf (2007), in their review on participant
loss in infant vision studies, found no correlation between
exclusion rates and experimental outcomes. Furthermore, we

Table 1 Mean number of directed reaches and mean percentage of reaches to the lower target in each viewing condition

Age Viewing Condition Number of Directed Reaches Percentage of Reaches to the Lower
Target

M SD M SD

5 months Monocular 11.0 3.44 63.18 16.89

Binocular 13.05 3.28 55.23 12.18

7 months Monocular 13.0 3.69 61.72 15.47

Binocular 13.15 3.23 49.02 13.49
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conducted an analysis of the participants who produced data in
both the monocular and binocular viewing conditions, but who
were excluded for not satisfying the selection criteria, so as to
examine whether their reaching behavior was consistent with
the general findings. Table 2 summarizes the mean percentages
of reaches to the lower target in each viewing condition for
these participants. The excluded 5- and 7-month-old infants
reachedmore often for the lower target in themonocular than in
the binocular condition. They therefore behaved similarly to the
infants who were included in the sample, and their exclusion
did not affect the results of the study.

Discussion

Under monocular viewing conditions, the 5- and 7-month-
old infants reached more often for a toy that was specified as
being nearer by the ground surface than for a toy that was
specified as being nearer by the ceiling surface. These
infants therefore exhibited a ground dominance effect: They
attended to the distance information provided by the ground
surface more than to information provided by the ceiling.
The results indicate that the ground plays a dominant role in
distance perception and visually guided reaching at a very
early age, before infants can crawl and walk. The finding of
a weaker reaching preference for the lower target in the
binocular condition indicates that the infants’ monocular
reaching preference cannot be explained as a response to
two-dimensional display features such as the toys’ positions
relative to the tops of the rods. Moreover, the weaker reach-
ing preference under binocular viewing is inconsistent with
the assumption that the ground dominance effect is a general
bias to attend to the lower part of the visual field. If so, the
infants would have shown similar reaching preferences for
the lower target under monocular and binocular viewing
conditions. The results, therefore, indicate that the infants’
monocular reaching behavior was based on the information
provided by surface texture that specified a difference in the
distances of the two toys.

The overall data analyses indicated that the 5- and the 7-
month-old infants displayed the ground dominance effect
and sensitivity to the distance information provided by
surface texture. Although no statistically significant age
differences were found, the effect was somewhat weaker
in the 5-month-old than in the 7-month-old infants. This
finding is consistent with the preferential reaching results
found by Hemker et al. (2010), who demonstrated sensitiv-
ity to the depth information provided by a textured ground
surface in 5- and 7-month-old infants, as well as a stronger
response to texture cues in the older age group.

An alternative explanation for this study’s results might
be that the infants responded to the differential relative
heights of the targets and not to their perceived relative
distances. This interpretation, however, is unlikely for sev-
eral reasons. First, Bian, Braunstein, and Andersen (2005,
2006) did not find an effect of differences in the rods’
heights on adults’ distance judgments. Consistent with this
observation, several studies have found that relative height
is a weak depth cue for adults (e.g., Rock, Shallo, &
Schwartz, 1978) as well as for children (e.g., McGurk &
Jahoda, 1974). Furthermore, we observed reaching for toys
positioned at the same height, and the height differences
between the rods was smaller than that in the Hemker et al.
(2010) study. That study employed a display very similar to
that used in the present study, and Hemker et al. established
a reliable effect of texture cues in infants 5 and 7 months of
age: Relative height in isolation had either no (5-month-olds)
or a significantly smaller (7-month-olds) effect on infants’
reaching (but see Arterberry, 2008). Nevertheless, further
research will be needed to further examine the impact of
relative height information.

The findings from several studies have indicated that the
infant visual system uses heuristic assumptions to disambig-
uate two-dimensional retinal image cues to extract informa-
tion about three-dimensional object shape and spatial layout.
For example, Imura, Tomonaga, Yamaguchi, and Yagi
(2008) and Shirai, Kanazawa, and Yamaguchi (2005) tested
infants’ sensitivity to shading and found that 4- and 5-
month-old infants behaved as if they made use of the as-
sumption that objects are usually lit from above. More
recently, Corrow et al. (2011) established that 6-month-old
infants use the assumption that faces are convex, and Corrow
et al. (2012) found that 5- and 7-month-olds employ an
assumption that objects in general are convex in perceiving
three-dimensional object shape. The present findings suggest
that the ground dominance effect, the assumption that objects’
distances are primarily specified by their positions on a
ground surface, is a basic constraint that is also applied by
the infants’ visual system. This is consistent with the assump-
tion that our visual system has adapted to the depth informa-
tion provided by ground texture because our locomotion is
usually confined to the ground surface (e.g., Gibson, 1950;

Table 2 Mean percentage of reaches to the lower target in each
viewing condition by infants excluded from the sample

Age Viewing Condition Percentage of Reaches to the
Lower Target

M SD

5 months (n 0 11) Monocular 59.97 34.87

Binocular 51.79 11.50

7 months (n 0 10) Monocular 66.20 23.35

Binocular 58.78 16.27

346 Atten Percept Psychophys (2013) 75:341–348



Nakayama, He, & Shimojo, 1995). As a consequence, the
ground dominance effect may be inherent in our visual system
from birth onward. Alternatively, our visual system may be
tuned to quickly learn to extract depth information from
ground texture during the first months of life.

Our experiment replicated and extended numerous pref-
erential reaching studies that had observed that 5- and 7-
month-old infants are sensitive to pictorial depth cues, such
as surface texture (e.g., Hemker et al., 2010; Yonas et al.,
1986; for a review, see Kavšek, Granrud, & Yonas, 2009). It
suggests that the ground surface is superior to the ceiling
surface in the perception of distance and the planning of
directed reaching from 5 months onward.

It remains unknown, however, whether responsiveness to
depth from texture and the ground dominance effect are
present earlier in life. Studies using looking methods have
found responsiveness to several pictorial depth cues in
infants as young as 3 months (e.g., Bertin & Bhatt, 2006;
Tsuruhara et al., 2010; for a review, see Kavšek, Yonas, &
Granrud, 2012). Future research will be needed to determine
whether the ground dominance effect can be found in
infants 3 months of age or younger.

Author note The authors thank Gesa Schlachter and Mirjam Ernst
for research assistance. Thanks are especially extended to the infants
and parents who participated in the study.
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