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Associations between infants’ transition to walking and object activities were examined. Fifty infants were
observed longitudinally during home observations. At 11 months, all infants were crawlers; at 13 months, half
became walkers. Over age, infants increased their total time with objects and frequency of sharing objects
with mothers. Bidirectional influences between locomotion and object actions were found. Walking was asso-
ciated with new forms of object behaviors: Walkers accessed distant objects, carried objects, and approached
mothers to share objects; crawlers preferred objects close at hand and shared objects while remaining station-
ary. Earlier object activities predicted walking status: Crawlers who accessed distant objects, carried objects,
and shared objects over distances at 11 months were more likely to walk by 13 months.

Around the end of the 1st year, infants display a
number of advances in their interactions with
objects and caregivers. Infants engage with objects
for extended periods, juxtapose multiple objects,
and use objects in functional and symbolic ways
(McCune, 1995; Power, Chapieski, & McGrath,
1985; Tamis-LeMonda & Bornstein, 1996). Activities
with objects become more intentional as infants
engage with objects of their own choosing (Rhein-
gold, Hay, & West, 1976; Tamis-LeMonda & Born-
stein, 1993) and readily take the lead in initiating
object exchanges by showing and offering objects to
adults (Laakso, Poikkeus, Katajamaki, & Lyytinen,
1999; Ross & Goldman, 1977). Showing and offering
objects to adults may enable infants to extend peri-
ods of social interactions, thereby providing oppor-
tunities for infants to learn language and rules of
social interaction such as turn taking (Hay, 1979).

During the same time that infants display
advances in their interactions with objects and
adults, their locomotor skills change dramatically.
By the start of their 2nd year, infants transition
from moving around on all fours as crawlers, to
taking their first upright walking steps (Adolph &
Berger, 2006, 2011). Are improvements in infants’
object interactions and locomotion coincidental or

are they functionally related? It is possible that
object interactions and locomotion merely follow a
parallel time course, much like infants eating adult
food for the first time or growing a first tooth, all of
which occur around the start of the 2nd year. Alter-
natively, improvements in object activities and the
transition to walking may be functionally related
such that advances in one area support advances in
the other.

In this study, we examined whether a functional
relation exists between object interactions and the
transition from crawling to walking by comparing
crawlers and walkers of the same age. We observed
the object activities of experienced crawlers and
novice walkers at 13 months. Moreover, we tracked
infants prospectively beginning at 11 months, when
all infants were still crawling, to examine whether
the two groups of infants differed in their object
activities prior to the transition to walking. At
11 months, infants’ age and the average duration of
crawling experience were held constant; thus, on
these measures, all infants started out in the same
place. Inspired by previous work (Biringen, Emde,
Campos, & Appelbaum, 1995, 2008), this design
enabled an examination of bidirectional associa-
tions between object and locomotor behaviors. We
considered three aspects of object interaction—
infants’ interaction with proximal and distal objects,
infants’ transport of objects, and infants’ sharing of
objects with their mothers.
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Interactions With Proximal and Distal Objects

The transition from crawling to walking might
relate to the time infants spend engaged with prox-
imal and distal objects. Walkers might spend more
time with objects overall and be more likely to
access objects from different rooms or locations
due to a new, elevated vantage point that enables
them to see objects at distances. When placed
upright in a mechanical walker, crawling infants
were more likely to visually attend to remote
objects than when they were left on the floor
(Gustafson, 1984). Reciprocally, crawlers’ view may
be more obstructed since they are lower to the
ground. In order for crawlers to visually encounter
interesting, far-off objects, they have to pull up to a
stand, view their surroundings, then shift back into
a crawling posture and mosey on toward the
object. Thus, perhaps crawlers are more likely to
engage with objects in the nearby vicinity. A
related speculation is that the ability to walk
might serendipitously increase object interactions
because walkers take more steps and travel longer
distances than crawlers (Adolph, 2008b). The
increased activity associated with upright loco-
motion might consequently lead to more object
interactions.

The intrigue of seeking out and playing with
remote objects could potentially even facilitate the
onset of walking. Attachment theorists have sug-
gested that infants are motivated to move away
from the vicinity of their mother in order to
explore objects at distal places (Bowlby, 1969;
Mahler, Pine, & Bergman, 1975; Rheingold &
Eckerman, 1970). One study showed that infants’
desire to obtain objects placed in front of them
might account for their transitioning from rocking
on hands and knees to taking crawling steps (Gold-
field, 1989). Perhaps as crawlers pull up and view
appealing objects from afar, they might be inclined
to take their first walking steps toward objects of
interest.

Alternatively, the transition from crawling to
walking might be related to transient declines in
infants’ object interactions as walkers focus their
energies on their newly acquired skill. When a par-
ticular skill first emerges, other abilities may
decline temporarily until the newly acquired skill
improves. For example, when infants first begin to
walk, they revert to more primitive, bimanual
reaching for small objects (Corbetta & Bojczyk,
2002). Typically, before infants transition to walk-
ing, they are competent crawlers, able to move
about their environment and encounter things en

route (Adolph, 2008a). It is possible that experi-
enced crawlers will be likely to access and engage
with distal objects as they crawl from room to room
(e.g., Rheingold, 1969). For example, experienced
crawlers were better able to negotiate space to find
hidden goals at distal landmarks than novice walk-
ers (Clearfield, 2004).

Carrying Objects

The transition from crawling to walking might
also be associated with changes in infants’ trans-
porting of objects from place to place (Gibson,
1988). Upright walking frees up the hands from
supporting the body, thereby allowing the hands
to be used for other functions such as carrying
objects. Crawlers, on the other hand, might be at a
disadvantage as they use their hands for balance
and locomotion. Thus, the ability to walk might
enable object carrying so that walkers rather than
crawlers might engage in this activity. Recipro-
cally, the desire to carry things could motivate
infants to walk. Scholars have debated about the
role of carrying objects in the evolution of upright
walking (Stanford, 2003). The desire to reach for
and carry food might have contributed to the
emergence of early hominids’ ability to stand up
and walk.

Alternatively, new walkers may be less likely to
carry objects than crawlers, at least until walking
improves. Newly walking infants are inexperienced
and clumsy in their novel upright posture (Adolph,
Vereijken, & Shrout, 2003); their balance is precari-
ous and falling is commonplace (Adolph, Komati,
Garciaguirre, Badaly, & Sotsky, 2011). Although
walkers’ hands are free from supportive functions,
they often keep their arms frozen in a ‘‘high guard’’
position to keep balance (Kubo & Ulrich, 2006;
Ledebt, 2000). Additionally, carrying objects is
extremely difficult for infants (Adolph & Avolio,
2000; Garciaguirre, Adolph, & Shrout, 2007; Vereij-
ken, Pedersen, & Storksen, 2009). Carrying an object
shifts the location of infants’ center of gravity and
may make the task of keeping balance for an
already unsteady walker even more difficult. As a
consequence, infants’ walking patterns are dis-
rupted. For example, when experimenters encour-
aged 14-month-olds to walk over a straight, short
path while loaded with weights, infants fell more
frequently than while walking without loads
(Garciaguirre et al., 2007; Vereijken et al., 2009).
When infants did manage to walk across the path,
their gait appeared less mature. In contrast, experi-
enced crawlers might not be as burdened when
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carrying objects and might be able to move while
carrying objects more flexibly. Crawlers’ weight is
distributed over four rather than two limbs, making
balance steadier. Because crawlers find various
ways to move, traveling on hands and knees, feet,
or scooting on their bottom (Adolph & Berger,
2010; Adolph, Vereijken, & Denny, 1998), moving
with an object might not be that cumbersome.

Social Exchanges With Objects

Finally, the transition from crawling to walking
could be related to infants’ social exchanges with
objects. Although studies have charted the emer-
gence of object sharing over the first 2 years (Bates,
Benigni, Bretherton, Camaioni, & Volterra, 1979;
Carpenter, Nagell, & Tomasello, 1998), associations
between object sharing and motor development
remain unexamined. Previous studies have mainly
focused on smiles and vocalizations in relation to
affective behaviors and looks toward adults, which
emerge earlier in development than object sharing.
Object sharing requires infants to choose an object,
attend to the adult, and extend the object in the
adults’ direction. This behavior is a more deliber-
ate, intentional action than displays of affect, and is
therefore more revealing of infants’ role as a social
agent.

There is some evidence that the development of
walking changes other aspects of the infant–mother
interaction. In one study, 8-month-old, precrawling
infants were observed for 10 min in the lab while
propped upright in a mechanical walker and while
out of the walker playing with objects and their
mothers (Gustafson, 1984). While in the mechanical
walker, infants displayed more smiles and vocaliza-
tions to their mothers. When observed longitudi-
nally over the transition from crawling to walking,
walking infants were more likely to engage in
social looks toward adults than crawling infants
(Clearfield, Osborne, & Mullen, 2008) and showed
increases in positive and negative emotional
expressions (Biringen et al., 1995).

Reciprocally, infants’ desire to share objects with
their mothers might lead to changes in infants’ loco-
motor abilities. Infants are motivated to approach
mothers to engage and share experiences, seek com-
fort when alarmed, or follow after them when
exploring new situations (Ainsworth, 1969; Ains-
worth & Bell, 1970; Rheingold & Eckerman, 1970).
Although crawlers can leave and return to their
caregivers, the onset of walking has been described
as the period of ‘‘exhilaration,’’ the beginning of
infants’ psychological independence and individua-

tion from caregivers (Mahler et al., 1975). The transi-
tion to walking is marked by a reorganization of the
emotional relationship between infants and moth-
ers, particularly for infants who start walking earlier
(Biringen et al., 1995).

Finally, social exchanges with objects might tem-
porarily decline with the transition to walking as
infants negotiate the new challenges of walking.
Because crawlers are well practiced in their familiar
crawling posture, their locomotor behaviors might
not interfere with their sharing of objects with care-
givers.

In this study, we took a unique approach to
investigating possible functional relations between
the transition from crawling to walking and infants’
object interactions. We observed infants longitudi-
nally from 11 to 13 months of age in the natural
setting of their homes with their mothers as they
went about their daily activities. Because infants’
and mothers’ activities were unconstrained, we
documented infants’ spontaneous engagements
with distal and proximal objects, carrying of
objects, and sharing of objects with their mothers.
In doing so, we provide a description of the natural
ways that infants use objects in extended, everyday
interactions with mothers outside the laboratory
with toys of their own choosing. The longitudinal
design permitted an investigation of within- and
between-session differences in these three aspects
of object engagements in infants who continued to
crawl at 13 months (crawler–crawler group) versus
those who transitioned from crawling to walking
(crawler–walker group).

Method

Participants

Fifty infants (26 boys and 24 girls) and their
mothers participated. All infants were healthy and
born at term; most (80%) were White. All mothers
were infants’ primary caregivers and spoke Eng-
lish as their primary language. Most (70%) held
graduate degrees. Families were recruited from
the greater New York City metropolitan area via
purchased mailing lists, brochures, referrals, par-
enting web sites, and the New York University
hospital maternity ward. An additional two
infants were dropped from the final sample: One
family was unreachable after the first session and
one infant’s video data were lost due to experi-
menter error. Families received a photo magnet
and personalized photo album as souvenirs of
participation.

Crawling, Walking, and Objects 1201



Procedure

An experimenter visited infants in their homes at
two time points. At the first session, infants were
11 months old (SD = 0.28) and all were crawling.
At the second session, infants were 13 months old
(SD = 0.25) and approximately half (n = 24) had
begun walking. At the start of the 11-month ses-
sion, mothers were told that the purpose of the
study was to document infants’ interactions with
their environments and were instructed to go about
their everyday activities. Mothers were unaware
that infants’ activities with objects would be the
focus of the study. At the end of the session, the
second home visit was scheduled and mothers
were sent a reminder photo magnet with the sched-
uled date. After the 13-month session, mothers
were sent the photo album.

Each session lasted approximately 2 hr. At the
beginning of each session, the experimenter verified
infants’ locomotor status and asked mothers about
their infants’ locomotor experience. Next, infants
and mothers were video-recoded for 1 hr. Finally,
at the end of each visit, the experimenter asked
mothers whether the naturalistic interactions
seemed typical and whether the infant seemed
comfortable with the experimenter in the room. All
mothers reported that the experimenter’s presence
had minimal effect on their interactions with their
infants or infants’ comfort.

Locomotor status and experience. To verify infants’
locomotor status at both sessions, the experimenter
encouraged infants to crawl or walk over a 5-m
cloth runway rolled out in the families’ home or
hallway outside of the apartment. At the 11-month
session, all infants could crawl 3 m on hands and
knees and none could walk 3 m. Thirty-seven
infants (74%) could take steps while holding onto
furniture for support (cruising). At the 13-month
session, 24 infants (12 boys and 12 girls) could walk
3 m without stopping or falling, and 26 infants
were still crawling (14 boys and 12 girls). Thus,
infants fell into two groups: infants who crawled at
11 months and continued crawling at 13 months
(crawler–crawler), and infants who began walking
by 13 months (crawler–walker).

In a structured interview (Adolph et al., 2003),
the experimenter asked mothers about their infants’
locomotor experience. Mothers reported the first
day that they witnessed infants crawling on their
belly and ⁄ or hands and knees (3 m, typically the
length of a room or hallway), cruising along furni-
ture (1.5 m, the length of a couch), and walking
independently (3 m). To aid memory, mothers con-

sulted baby books and calendars. Locomotor expe-
rience was calculated as the number of days
between onset and test dates (Figure 1).

At the 11-month session, crawling experience
ranged from 0.33 to 5.06 months (M = 2.23 months)
and there were no differences between crawler–
crawler (M = 2.00 months, SD = 1.21) and crawler–
walker groups (M = 2.49 months, SD = 1.07),
t(48) = 1.56, p > .05. At the 13-month session, the 26
infants who continued to crawl had accumulated
M = 3.98 months of crawling experience (SD =
1.26). The 24 infants who had begun walking had
M = 0.96 months of walking experience (SD =
0.53). Thus, crawlers had four times more crawling
experience compared with walkers’ walking experi-
ence, t(48) = 11.18, p < .001. Girls and boys had
equivalent amounts of crawling, walking, and total
locomotor experience, and all began crawling at
similar ages (all ps > .05).
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Figure 1. Frequency distributions of infants’ locomotor expe-
rience: (a) crawling experience for all infants (n = 50) at the
11-month session; (b) crawling experience at 11 months in the
group of crawlers (n = 26) who were still crawling at the second
session; (c) crawling experience at 11 months in the group of
walkers (n = 24) who began walking at the second session; (d)
crawling experience for crawlers at the 13-month session; and (e)
crawling, walking, and total experience for walkers at the 13-
month session.
Note. Open circles represent individual data and horizontal lines
describe group means. The crawler–crawler group includes
infants who continued to crawl at 13 months; the crawler–walker
group includes infants who began walking by 13 months.
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Naturalistic interactions. During each hour-long
naturalistic interaction, the experimenter video-
taped infants and mothers as they went about their
daily routines (playing, feeding and changing,
household chores). The residences were filled with
common furniture, household objects, and chil-
dren’s toys. Mothers were free to interact with their
infants or leave them to play by themselves. Infants
could choose to engage with objects or not. Mothers
could leave their children unrestricted on the floor,
or constrain them in playpens or high chairs. Dur-
ing the taping, the experimenter remained in the
background and offered minimal responses to
infants or mothers. In cases when infants and moth-
ers were separated, the experimenter focused the
video camera on the infant.

Data Coding of Naturalistic Interactions

Behavioral data were scored from video using a
computerized video coding system, MacSHAPA
(http://www.OpenSHAPA.org) that records the
frequencies and durations of specific behaviors
(Sanderson et al., 1994). A primary coder coded
100% of the data; a second coder coded between
33% and 100% of the data for reliability. Interrater
reliability ranged from 93.9% to 96.0% (all kappa
values p < .05); correlation on a duration variable
was r = .98. Disagreements between coders were
resolved through discussion.

We first identified instances throughout the 1-hr
video record where object episodes occurred. The
onset of an object episode was determined by the
infant’s initial manual contact with objects. The off-
set of an object episode marked the video frame
when the infant let go of the object or removed the
hand from the object for 5 s. Transitions from one
object to another in quick succession were coded as
a single episode of object engagement. In the case
of these multiple-object episodes, manual contact
with the first object denoted the onset and the end
of contact with the last object signaled offset. Time
spent in object episodes indicated the total amount
of time that infants spent in manual contact
with objects exploring or playing with objects over
the entire session (e.g., Banerjee & Tamis-LeMonda,
2007; Tamis-LeMonda & Bornstein, 1993).

Object location was coded dichotomously as dis-
tal or proximal for each object episode. Proximal
object episodes denoted object retrievals within
infants’ arm reach. Distal object episodes required
infants to locomote (by crawling ⁄ cruising ⁄ walking)
to retrieve the object. A 5-s rule was imposed to
determine object location—whether infants moved

within 5 s prior to touching the object. Five seconds
provided infants with sufficient time to travel to
objects if they chose to do so. Frequencies of both
proximal and distal object engagements were
tallied.

Instances of carrying were computed as frequen-
cies. Carrying began with the first frame when
infants attempted to move forward while holding an
object and ended when they transitioned to a sta-
tionary position or released of the object. A mini-
mum of four consecutive steps (crawling or upright)
was considered forward movement with 0.5 s or less
of limbs on the floor at rest, thus, eliminating
instances when infants took steps in place.

Object sharing, or ‘‘bids’’ to mothers with
objects, were coded when infants extended an
object toward their mothers to either show or offer
the object (e.g., infant is credited with three bids if
the infant is playing with tea set and hands over
first cup, then spoon, then saucer to mother). Addi-
tionally, each infant bid was classified as either
‘‘stationary’’ or ‘‘moving.’’ Stationary bids were
coded when infants remained in one place and
extended an object toward the mother to ‘‘show’’ or
‘‘offer.’’ Moving bids required infants to bring an
object over to their mothers by crawling, cruising,
or walking for the purpose of sharing. From these
data, the frequencies of stationary and moving bids
were tallied.

Results

The association between locomotor status and
infants’ object interactions was tested in a series of
mixed measures analyses of variance (ANOVAs).
Locomotor status (crawler–crawler vs. crawler–
walker) served as a between-subject variable. Age
(11 and 13 months) was used as a within-subject
variable. Significant main effects and interactions
were followed up with pairwise comparisons using
a Bonferroni-adjusted alpha level to control for
experiment-wise error rates (overall p = .05). Preli-
minary analyses showed no effects for gender, so
data were collapsed in further analyses.

Based on the hour of naturalistic interaction,
infants spent half their time engaged with objects.
Infants’ time in object play increased over the
2 months, regardless of their locomotor status.
Infants spent 29.77 min (SD = 10.11) with objects at
11 months and 34.71 min (SD = 7.90) at 13 months.
A 2 (locomotor status) · 2 (age) ANOVA on the
duration of object engagement confirmed a signifi-
cant effect for age, F(1, 48) = 10.85, p < .01. There
were no differences between the crawler–crawlers
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(Ms = 27.21 and 34.29 min, SDs = 10.05 and 7.64, at
the 11- and 13-month session respectively) and
crawler–walkers (Ms = 32.55 and 35.18, SDs = 9.62
and 8.32, at the 11- and 13-month session respec-
tively) on the amount of time spent with objects at
either session.

How Infants Accessed Objects

The transition from crawling to walking was
related to how infants accessed objects for play—
that is, by engaging with things nearby or locomot-
ing to distant objects. As illustrated in Figure 2,
over age, the crawler–walker group doubled the
frequency of distal object interactions from 5.29 epi-
sodes (SD = 3.46) at 11 months to 12.00 episodes
(SD = 6.90) at 13 months, t(23) = 4.65, p < .001. The
frequency of activities with proximal objects
decreased from 40.83 episodes at 11 months
(SD = 14.20) to 25.87 proximal episodes at
13 months (SD = 8.34), t(23) = 5.14, p < .001. In con-
trast, at both sessions, the crawler–crawler group
continued to interact with proximal objects
(Ms = 38.96 and 38.84, SDs = 13.60 and 13.85 at 11
and 13 months, respectively) and rarely engaged
with distal objects (Ms = 2.84 and 3.92, SDs = 2.60
and 2.21, respectively). At 13 months, walkers were

3 times more likely to travel to objects to interact
with them (M = 12.00) compared with crawlers
(M = 3.92), t(48) = 5.48, p < .001. These differences
were confirmed by a significant three-way inter-
action between locomotor status, age, and object
location, F(1, 48) = 17.56, p < .001, g2 = .27, in a
mixed measures ANOVA on the frequency of
object episodes.

The findings were also reflected in the significant
two-way interaction between locomotor status and
object location due to the crawler–walker group
engaging in a greater number of distal object epi-
sodes than the crawler–crawler group across both
ages. A significant two-way interaction between
age and object location was due to an increase in
distal object episodes and a decrease in proximal
object episodes mainly driven by the crawler–
walker group.

At 11 months, the two groups also differed in
their engagements with distal objects (Ms = 5.29
and 2.85, SDs = 3.46 and 2.60 for crawler–walkers
and crawler–crawler groups, respectively), t(48) =
2.84, p < .01. The magnitude of the difference
between the two groups at 13 months (d = 1.58)
was greater than that at 11 months (d = 0.79). How
infants accessed objects at 11 months predicted
their walking status at 13 months. In a logistic
regression analysis, we tested the possibility that
object activities might portend changes in locomo-
tor status. Walking status at 13 months served as
the dependent variable and the frequency of distal
object episodes at 11 months served as a predictor
variable. Duration of crawling experience at
11 months was treated as a control variable in the
analysis to examine the independent effects of loco-
motor status and experience.

Frequency of distal object episodes at 11 months
significantly predicted walking status at 13 months
even after controlling for crawling experience at
11 months, v2(2, n = 50) = 9.47, p < .01. Specifically,
the analysis yielded an odds ratio of 1.29 (Wald
test = 6.00, p < .05) indicating that the likelihood of
an infant becoming a walker at 13 months was 1.29
times greater for every 1 SD increase in distal object
engagement. Duration of crawling experience at
11 months was not a significant predictor of walk-
ing status at 13 months, nor was it correlated with
frequency of distal object engagement at 11 months
(r = .10, p = .50). Frequency of engagement with
proximal objects at 11 months did not predict
infants’ locomotor status at 13 months (ps > .05).
Thus, it appears that infants’ earlier desire to access
distal objects, rather than overall engagements with
objects, predicted later walking.

Object Location
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Figure 2. The average number of proximal and distal object
episodes for the crawler–crawler and crawler–walker groups at
11 and 13 months of age.
Note. Error bars represent the standard error of the mean.
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Infants Carrying Objects

As illustrated in Figure 3, both groups increased
in frequency of carrying, but the increase was far
more pronounced for the crawler–walkers. The
crawler–walker group increased from 6.88 instances
of carrying (SD = 10.51) at 11 months, to 42.71
instances (SD = 32.45) at 13 months. The crawler–
crawler group increased as well, from 1.46
instances (SD = 2.04) at 11 months to 5.08 instances
of carrying (SD = 6.47) at 13 months (ps < .01). The
increase in carrying for the two groups over age
was confirmed in a significant age by locomotor
status interaction, F(1, 48) = 24.39, p < .001,
g2 = .34.

At 11 months, the crawler–walker group
(M = 5.25, SD = 5.56) and crawler–crawler group
(M = 1.42, SD = 2.02) also differed in their instances
of carrying, t(48) = 3.29, p < .01. This initial differ-
ence in carrying was further explored in a logistic
regression analysis, which showed that the fre-
quency of carrying at 11 months predicted infants’
walking status at 13 months after controlling for
11-month crawling experience, v2(2, n = 50) = 12.88,
p < .05. Odds ratio for the frequency carrying
revealed that the likelihood of an infant becoming a
walker at 13 months was 1.29 times (Wald = 4.98,
p < .05) greater for every 1 SD increase in the fre-
quency of carrying. No significant correlations were

found between frequency of carrying at 11 months
and crawling experience at 11 months (ps > .05)
perhaps because all infants were already suffi-
ciently experienced crawlers.

Infants Using Objects in Social Exchanges With
Mothers

Infants often included their mothers in their
object activities. Over the 2 months, infants
increased in how often they shared objects (object
bids) with their mothers regardless of crawling or
walking (Figure 4). At 11 months, infants averaged
8.38 object bids (SD = 12.80), sharing objects about
once every 7 min. Bids doubled to an average of
15.85 (SD = 12.23) at 13 months, or once every
4 min. A 2 (locomotor status) · 2 (age) mixed
measures ANOVA on the frequency of bids con-
firmed only a main effect for age, F(1, 48) = 8.62,
p < .01. Most infants bid at least once at each of the
two sessions; 92% (46 infants) at the 11-month
session and 100% at the 13-month session.

Although the overall frequency of object sharing
did not differ by locomotor status, the forms of
object sharing differed dramatically between the
crawler–crawler and crawler–walker groups when
object bids were further analyzed by type of bid
(stationary vs. moving). As illustrated in Figure 5,
over age, the crawler–walker group increased in

Object Carrying
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Figure 3. The average number of carrying episodes for the
crawler–crawler and crawler–walker groups across age.
Note. Error bars represent the standard error of the mean.

Social Exchanges With Objects
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Figure 4. The average number of object bids to mothers in the
crawler–crawler and crawler–walker groups at 11 and 13 months
of age.
Note. Error bars represent the standard error of the mean.
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moving bids from 0.54 (SD = 1.47) at 11 months to
7.13 (SD = 7.26) at 13 months (p < .01), an increase
of 1.26 SD (d = 1.26). However, stationary bids for
this group remained unchanged (Ms = 10.29 and
10.46, SDs = 12.04 and 8.90 for 11 and 13 months,
respectively, p > .01). In contrast, for the crawler–
crawler group, over age, moving bids remained
infrequent (Ms = 0.04 and 0.46, SDs = 0.20 and 1.39
at 11 and 13 months, respectively) and infants con-
tinued to bid to their mothers, while stationary
(M = 8.12, SD = 11.20 at 11 months; M = 12.85,
SD = 10.25 at 13 months; p > .05). A mixed mea-
sures ANOVA on the frequency of bids confirmed
a significant three-way interaction between locomo-
tor status, age, and object bid type, F(1, 48) = 6.72,
p < .05, g2 = .12. Averaged across age, both groups
exhibited more stationary bids with objects
(M = 20.86, SD = 16.24) than moving bids
(M = 3.94, SD = 6.61) as revealed in a significant
main effect for bid type, F(1, 48) = 63.89, p < .001,
g2 = .57.

Although at 11 months, the crawler–walker
group displayed more moving bids (M = 0.54,
SD = 1.47) than the crawler–crawler group
(M = 0.04, SD = 0.20), variability was high and the
difference was only marginally significant (p = .09).
A logistic regression analysis followed to examine
the potential of the total amount and form of

infants’ object sharing in predicting walking status
at 13 months. The number of total and stationary
bids at 11 months did not significantly predict walk-
ing status after controlling for crawling experience.
The odds ratios for total bids (b = 1.02, Wald = .42,
p = .52) and stationary (b = 1.03, Wald = .23,
p = .61) were not significant. The odds ratio for
moving bids was marginally significant (b = 8.51,
Wald = 3.50, p = .06). No significant correlations
were found between the two forms of object bids
and crawling experience at 11 months (ps > .05).

The marginally significant effect for moving bids
at 11 months in predicting walking status at
13 months may be due to the low number of infants
displaying moving bids at 11 months. Of the 50
infants, at 11 months, only 7 shared objects with
their mothers after traveling to them with the object
at least once. However, of these 7 infants, 6 became
walkers by 13 months, v2(1, n = 50) = 4.64, p < .05,
providing tentative support for the idea that infants
who already share objects over distances show ear-
lier onsets of walking.

Discussion

We investigated infants’ spontaneous object interac-
tions during an hour of naturalistic observation in
their homes. We focused on the time infants spent
interacting with objects, the location of objects
accessed, infants’ carrying of objects, and whether
infants used objects in social interactions with their
mothers. Of particular interest was whether
changes in infants’ locomotor status and object
interactions are functionally related. With our lon-
gitudinal design, all infants were experienced
crawlers at 11 months, but by 13 months, half were
novice walkers. Thus, infants naturally fell into two
groups, crawler–crawlers and crawler–walkers,
enabling comparison of associations between
infants’ transition to walking and object activities in
infants of the same age. We also examined whether
infants’ earlier activities with objects predicted later
walking status.

Age-Related Changes in Object Interactions

At both ages, infants spent an impressive
amount of time in contact with objects, and fre-
quently shared objects with their mothers. During
the hour-long observation, infants spent over half
the time engaged with objects, and they shared
objects with mothers once every few minutes.
Infants who remained crawlers and those who

Form of Object Bids
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Figure 5. The average number of the two forms of object bids
(stationary and moving bids) for the crawler–crawler and
crawler–walker groups at 11 and 13 months. Error bars
represent the standard error of the mean.
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became walkers by 13 months showed similar
increases in the time spent with objects and how
often they shared them. These age-related changes
may be due to improvements in infants’ abilities to
regulate and focus attention on objects (Butterworth
& Cochran, 1980), share intentions with others
about objects (Tamis-LeMonda & Adolph, 2005),
and represent everyday experiences through object
play (McCune, 1993).

Infants’ Object Activities and Locomotion

Infants’ object activities and locomotor status
were functionally related. The development of
walking was associated with qualitative changes in
how infants accessed and engaged with objects and
how they used objects in social interactions with
their mothers. Reciprocally, infants’ earlier object
activities—retrieving distal objects, carrying objects,
and approaching mothers to share objects—pre-
dicted walking status at 13 months.

Infants’ walking status at 13 months was associ-
ated with the locations from which infants accessed
objects for play. Over the 2 months, the crawler–
walker group shifted from primarily engaging with
proximal objects to engaging with distal objects for
over a third of their object interaction time. In con-
trast, the crawler–crawler group continued to
engage with whatever objects happened to be
nearby. This finding indicates that walkers explore
their environment differently than crawlers. Rather
than staying put and engaging with items within
the vicinity, traveling to and contacting objects at
different locations may provide walkers new ways
to learn about the ‘‘movability’’ of one’s own body
and detached objects relative to the permanent
aspects of the environment (Gibson, 1988).

The development of walking was also associated
with qualitative changes in the ways infants
engaged with objects and how they used objects in
social interactions. Over the 2 months, almost all
infants (90%) increased in how often they trans-
ported objects, even crawlers. In fact, the crawler–
crawler group increased their carrying bouts by
over 200%. This result is quite surprising as crawl-
ers were using their hands to move and to carry
objects. The crawler–walkers increased their carry-
ing bouts by over 500% over the 2-month period.
At 13 months, walkers displayed 9 times more car-
rying bouts than crawlers. Although balance is
adversely affected by load carriage (e.g., Garciagu-
irre et al., 2007), these novice walkers were willing
to potentially compromise their balance in favor of
locomoting with objects.

Walkers’ frequent carrying of objects paralleled
changes in the way they shared objects with their
mothers. By 13 months, walking infants were more
likely than the crawlers to share objects by locomot-
ing to their mothers (moving bids), even though the
two groups did not differ in how often they shared
objects overall. At 13 months, almost all of the
walkers shared objects by moving to their mothers
(n = 23 infants, 96% of the crawler–walker group) at
least once as compared to only 6 crawlers (23% of
the crawler–crawler group). In fact, 44% of walkers’
bids were characterized as moving bids compared
to only 3% of crawlers’ bids at 13 months. Despite
the developmental increase in carrying bouts for
crawlers, their carrying did not result in a higher
frequency of moving bids. At 13 months, walkers
who were likely to carry objects were also likely to
offer them to their mothers after traveling,
r(24) = .48, p < .05. However, carrying bouts were
not related to the frequency of moving bids for
13-month-old crawlers (p > .05). Thus, even though
crawlers also carried objects, these carrying episodes
did not readily translate into bids to mothers.

What might explain these differences in infants’
engagement with distal objects, carrying of objects,
and moving bids? One possibility is that walking
provides infants with an elevated vantage point
and frees the hands from having to support the
body. Because walkers were upright, they could see
objects at distal locations and therefore moved to
access them. While moving upright, walkers also
had their hands free to carry objects to their moth-
ers for the purpose of sharing. Although crawlers
also increased in their carrying, the coordination of
carrying and sharing may have been more difficult
and less efficient for them than it was for walkers.
In order to execute a moving bid, infants had to
locate their mother and travel to her while trans-
porting the object. For crawlers, this meant switch-
ing from a quadrupedal posture to a sitting posture
to first locate and then extend the object to mothers.
Perhaps because of the extra difficulties, crawlers
continued to bid while stationary.

Reciprocally, the motivation to access distal
objects, carry objects around, and share objects with
mother may both precede and motivate walking.
Infants who were more likely to travel to distal
objects and carry objects at 11 months were also
more likely to have begun walking by 13 months,
lending support to this hypothesis. Additionally, of
the 7 infants who had instances of moving bids at
11 months, 6 infants began to walk before
13 months. Even seemingly small differences among
infants in their tendencies to access distal objects,
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carry objects, and approach caregivers with objects
at the end of the 1st year foretold later walking
status, which in turn facilitated various aspects of
walkers’ object activities at 13 months. These results
highlight bidirectional influences between locomo-
tor status and infants’ activities with objects and
people.

Of course, a number of alternative, third vari-
ables might explain the current findings. Perhaps
infants in the crawler–walker group were given
more opportunities to explore their environments
by their mothers, which in turn led to earlier walk-
ing onsets and greater object activities. However,
both groups of infants were unrestrained for the
majority of the observation time at both ages, and
all infants could travel around their home and
interact with objects at will.

Locomotor experience can likewise be discounted
as an explanation for walking infants’ advantage in
object activities. By 13 months, crawlers had 4 times
more crawling experience as walkers had walking
experience. Therefore, it would be reasonable to
assume that the more experienced crawlers would
be more likely to travel to distal objects, carry
objects, and locomote toward mothers to share
objects than walkers. Novice walkers might be
expected to decrease their object activities until
walking improved, due to the burden of learning a
new locomotor skill (Adolph et al., 2003). This was
not the case. An infant with only 2 days of walking
experience at 13 months carried objects 35 times
and had eight moving bids over the course of the
hour. The numbers of carrying and moving bids for
this infant were comparable to the overall average
for walkers (M = 42.58 frequency of carrying,
M = 7.13 frequency of moving bids for walkers at
13 months).

Another possibility is that the crawler–walker
group was developmentally more advanced than
the crawler–crawler group. However, if this were
the case, walkers should have displayed greater
gains than crawlers across all measures of object
engagement. Walkers should have spent more time
engaged with both distal and proximal objects and
display more object bids to their mothers overall.
They did not. In fact, walkers’ engagements with
proximal objects decreased, as did their stationary
bids (though not significantly). Moreover, develop-
mental gains in overall social bidding were equi-
valent in the two groups of infants.

We reasoned that opportunity, experience, and
general abilities are unlikely explanations for the
associations between infants’ locomotion and object
interactions. Instead, findings indicate a reciprocal,

functional relation between the two domains: early
motivations to engage with objects portend walk-
ing. Walking, in turn, offers infants new opportuni-
ties for learning about the environment through
object and social interactions. These changes may
also have implications for the ways that caregivers
respond to infants, thereby, inciting further changes
in infants’ social environments. Thus, the joint
study of infants’ locomotion and object activities
provides a valuable test of developmental cascades,
by highlighting how emerging skills can have
system-wide consequences for infants’ functioning
in their natural, everyday environments.

References

Adolph, K. E. (2008a). Learning to move. Current Direc-
tions in Psychological Science, 17, 213–218.

Adolph, K. E. (2008b). The growing body in action:
What infant locomotion tells us about perceptually
guided action. In R. Klatzky, M. Behrmann, & B.
MacWhinney (Eds.), Embodiment, ego-space, and action:
Carnegie Mellon Symposium (pp. 275–321). Mahwah,
NJ: Erlbaum.

Adolph, K. E., & Avolio, A. M. (2000). Walking infants
adapt locomotion to changing body dimensions. Jour-
nal of Experimental Psychology: Human Perception and
Performance, 26, 1148–1166. doi:10.1037/0096-1523.26.
3.1148

Adolph, K. E., & Berger, S. E. (2006). Motor development.
In D. Kuhn & R. S. Siegler (Eds.), Handbook of child psy-
chology: Vol. 2. Cognition, perception, and language (6th
ed., pp. 161–213). New York: Wiley.

Adolph, K. E., & Berger, S. E. (2010). Physical and motor
development. In M. H. Bornstein & M. E. Lamb (Eds.),
Developmental science: An advanced textbook (6th ed., pp.
241–302). Mahwah, NJ: Erlbaum.

Adolph, K. E., Komati, M., Garciaguirre, J. S., Badaly, D.,
& Sotsky, R. (2011). How do you learn to walk? Thousands
of steps and hundreds of falls per day. Manuscript under
review.

Adolph, K. E., Vereijken, B., & Denny, M. A. (1998).
Learning to crawl. Child Development, 69, 1299–1312.

Adolph, K. E., Vereijken, B., & Shrout, P. E. (2003). What
changes in infant walking and why. Child Development,
74, 474–497.

Ainsworth, M. D. (1969). Object relations, dependency,
and attachment: A theoretical review of the infant–
mother relationship. Child Development, 40, 969–1025.

Ainsworth, M. D., & Bell, S. M. (1970). Attachment,
exploration, and separation: Illustrated by the behavior
of one-year-olds in a strange situation. Child Develop-
ment, 41, 49–67.

Banerjee, P. N., & Tamis-LeMonda, C. S. (2007). Infants‘
persistence and mothers’ teaching as predictors of tod-
dlers’ cognitive development. Infant Behavior & Develop-
ment, 30, 479–491.

1208 Karasik, Tamis-LeMonda, and Adolph



Bates, E., Benigni, L., Bretherton, I., Camaioni, L., &
Volterra, V. (1979). The emergence of symbols: Cognition and
communication in infancy. New York: Academic Press.

Biringen, Z., Emde, R. N., Campos, J. J., & Appelbaum, M.
(2008). Development of autonomy: Role of walking onset
and its timing. Perceptual and Motor Skills, 106, 395–414.

Biringen, Z., Emde, R. N., Campos, J. J., & Applebaum,
M. I. (1995). Affective reorganization in the infant, the
mother, and the dyad: The role of upright locomotion
and its timing. Child Development, 66, 499–514.

Bowlby, J. (1969). Attachment and loss: Vol. 1. Attachment
(2nd ed.). London: Hogarth Press.

Butterworth, G., & Cochran, E. (1980). Towards a mecha-
nism of joint visual attention in human infancy. Interna-
tional Journal of Behavioural Development, 3, 253–272.

Carpenter, M., Nagell, K., & Tomasello, M. (1998). Social
cognition, joint attention, and communicative compe-
tence from 9 to 15 months of age. Monographs of the
Society for Research in Child Development, 63, 1–176.

Clearfield, M. W. (2004). The role of crawling and walk-
ing experience in infant spatial memory. Journal of
Experimental Child Psychology, 89, 214–241.

Clearfield, M. W., Osborne, C. N., & Mullen, M. (2008).
Learning by looking: Infants’ social looking behavior
across the transition from crawling to walking. Journal
of Experimental Child Psychology, 100, 297–307.

Corbetta, D., & Bojczyk, K. E. (2002). Infants return to
two-handed reaching when they are learning to walk.
Journal of Motor Behavior, 34, 83–95.

Garciaguirre, J. S., Adolph, K. E., & Shrout, P. E. (2007).
Baby carriage: Infants walking with loads. Child Devel-
opment, 78, 664–680.

Gibson, E. J. (1988). Exploratory behavior in the develop-
ment of perceiving, acting, and the acquiring of knowl-
edge. Annual Review of Psychology, 39, 1–41.

Goldfield, E. C. (1989). Transition from rocking to crawl-
ing: Postural constraints on infant movement. Develop-
mental Psychology, 25, 913–919.

Gustafson, G. E. (1984). Effects of the ability to locomote
on infants’ social and exploratory behaviors: An experi-
mental study. Developmental Psychology, 20, 397–405.

Hay, D. F. (1979). Cooperative interactions and sharing
between very young children and their parents. Devel-
opmental Psychology, 15, 647–653.

Kubo, M., & Ulrich, B. (2006). A biomechanical analysis of
the ‘‘high guard’’ position of arms during walking in
toddlers. Infant Behavior & Development, 29, 509–517.

Laakso, M. L., Poikkeus, A. M., Katajamaki, J., & Lyyti-
nen, P. (1999). Early intentional communication as a
predictor of language development in young toddlers.
First Language, 19, 207–231.

Ledebt, A. (2000). Changes in arm posture during the
early acquisition of walking. Infant Behavior & Develop-
ment, 23, 79–89.

Mahler, M., Pine, F., & Bergman, A. (1975). The psychologi-
cal birth of the human infant. New York: Basic Books.

McCune, L. (1993). The development of play as the devel-
opment of consciousness. In M. H. Bornstein & A. Wat-
son (Eds.), The role of play in the development of thought.
New directions for child development (pp. 67–79). San
Francisco: Jossey-Bass.

McCune, L. (1995). A normative study of representational
play at the transition to language. Developmental Psy-
chology, 31, 198–206.

Power, T. G., Chapieski, M. L., & McGrath, M. P.
(1985). Assessment of individual differences in infant
exploration and play. Developmental Psychology, 21,
974–981.

Rheingold, H. L. (1969). The infant’s free entry into a new
environment. Journal of Experimental Child Psychology, 8,
271–283.

Rheingold, H. L., & Eckerman, C. O. (1970). The infant
separates himself from his mother. Science, 168, 78–83.

Rheingold, H. L., Hay, D. F., & West, M. J. (1976). Sharing
in the second year of life. Child Development, 47, 1148–
1158.

Ross, H. S., & Goldman, B. D. (1977). Infants’ sociability
toward strangers. Child Development, 48, 638–642.

Sanderson, P. M., Scott, J. J. P., Johnston, T., Mainzer, J.,
Wantanbe, L. M., & James, J. M. (1994). MacSHAPA
and the enterprise of Exploratory Sequential Data Anal-
ysis (ESDA). International Journal of Human-Computer
Studies, 41, 633–681.

Stanford, C. B. (2003). Upright: The evolutionary key to be-
coming human. New York: Houghton Mifflin.

Tamis-LeMonda, C. S., & Adolph, K. E. (2005). Social
cognition in infant motor action. In B. Homer & C. S.
Tamis-LeMonda (Eds.), The development of social cognition
and communication (pp. 145–164). Mahwah, NJ: Erlbaum.

Tamis-LeMonda, C. S., & Bornstein, M. H. (1993). Ante-
cedents of exploratory competence at one year. Infant
Behavior & Development, 16, 423–439.

Tamis-LeMonda, C. S., & Bornstein, M. H. (1996). Varia-
tion in children’s exploratory, nonsymbolic, and
symbolic play: An explanatory multidimensional
framework. In C. Rovee-Collier & L. P. Lipsitt (Eds.),
Advances in infancy research (Vol. 10, pp. 37–78). West-
port, Canada: Ablex.

Vereijken, B., Pedersen, A., & Storksen, J. (2009). Early
independent walking: A longitudinal study of load per-
turbation effects. Developmental Psychobiology, 51, 374–
383.

Crawling, Walking, and Objects 1209


