1duosnue Joyiny 1duosnuep Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
Infant Behav Dev. Author manuscript; available in PMC 2017 February 01.

-, HHS Public Access
«

Published in final edited form as:
Infant Behav Dev. 2016 February ; 42: 128-141. doi:10.1016/j.infbeh.2015.12.003.

Differences in object sharing between infants at risk for autism
and typically developing infants from 9 to 15 months of age

Sudha M. Srinivasan? and Anjana N. Bhat?.¢.*

aDepartment of Physical Therapy, Biomechanics and Movement Sciences, University of
Delaware, Newark, DE, USA

bPhysical Therapy Program, Department of Kinesiology, University of Connecticut, Storrs, CT,
USA

®Center for Health Intervention and Prevention, Department of Psychology, University of
Connecticut, Storrs, CT, USA

Abstract

Obiject sharing abilities of infants at risk for autism (AR infants) and typically developing (TD)
infants were compared from 9 to 15 months of age. Specifically, we examined the effects of
infants’ locomotor abilities on their object sharing skills. 16 TD infants and 16 AR infants were
observed during an “object sharing” paradigm at crawling and walking ages. Overall, AR walking
infants demonstrated lower rates of object sharing with caregivers compared to TD walking
infants. Specifically, AR walking infants had lower rates of giving and approaches toward
caregivers compared to TD walking infants. AR walking infants also had lower step rates toward
task-appropriate targets, i.e. caregivers and objects compared to TD walking infants. No group
differences in object sharing were observed at crawling ages. Object sharing could be a valuable
context for early identification of delays in infants at risk for developing ASD.
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1. Introduction

Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder characterized by social
communication impairments such as lack of eye contact or response to name, reduced
sharing of interests with others, and delayed or atypical language development as well as
presence of repetitive and stereotyped behaviors and interests (American Psychiatric
Association, 2013). In addition, children demonstrate comorbidities in the perceptuo-motor
domains (Bhat, Landa, & Galloway, 2011) including poor postural control, clumsy walking
patterns, and poor manual dexterity skills (Esposito, Venuti, Apicella, & Muratori, 2011;
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Minshew, Sung, Jones, & Furman, 2004; Sacrey, Germani, Bryson, & Zwaigenbaum, 2014;
Bhat et al., 2011). Currently, ASD is the most common pediatric developmental disorder in
the United States, with a prevalence of 1 in every 68 children (Baio, 2014). Therefore, there
is a growing emphasis on early detection of and interventions for infants presenting with
early signs of ASD in order to facilitate positive future outcomes (Robins, Fein, Barton, &
Green, 2001; Messinger et al., 2013). Recent research on early detection has involved
prospective studies that follow the development of infant siblings of children diagnosed with
ASD who are at a greater risk to develop autism and other related delays (Messinger et al.,
2013). For example, approximately 18.7% of the infant siblings develop ASD at 3 years of
age (Ozonoff et al., 2011). Moreover, an additional 20-30% of the infant siblings exhibit
subtle delays and difficulties consistent with a Broader Autism Phenotype including multiple
motor, social, and language delays (Landa, Gross, Stuart, & Bauman, 2012; Yirmiya,
Gamliel, Shaked, & Sigman, 2007; Bhat et al., 2011). Another special population at risk for
developing ASD includes preterm infants with 26% receiving the ASD diagnosis and up to
59% presenting general developmental delays (Limperopoulos et al., 2008; Mwaniki,
Atieno, Lawn, & Newton, 2012). Currently, ASD can be diagnosed as early as the end of the
second year of life (Robins et al., 2001; Shattuck et al., 2009). Given the aforementioned
evidence among various sub-groups at-risk for ASD, there is growing recognition for
developmental surveillance of at-risk infants in the first year of life to identify early markers
of autism risk and other developmental delays.

1.1. Social communication delays in AR infants

Prospective studies have identified several social communication delays within the first two
years in AR infants including reduced social smiles, poor social engagement, impaired joint
attention skills, and difficulties engaging in social interactions (Presmanes, Walden, Stone,
& Yoder, 2007; Goldberg et al., 2005; Stone, McMahon, Yoder, & Walden, 2007; Cassel et
al., 2007; Ibanez, Messinger, Newell, Lambert, & Sheskin, 2008; Toth, Dawson, Meltzoff,
Greenson, & Fein, 2007; Chawarska, Klin, Paul, & VVolkmar, 2007; Landa & Garrett-Mayer,
2006; Ozonoff et al., 2010; Bhat, Galloway, & Landa, 2010). For example, during an
associative learning task 6-month-old AR infants engaged in greater bouts of non-social
attention and spent less time looking at their caregivers compared to TD infants (Bhat et al.,
2010). Similarly, in contrast to TD infants who demonstrated an increase in frequencies of
social attention, smiling, and directed vocalizations from 12 to 18 months, AR infants
demonstrated a decline in all three behaviors over time (Ozonoff et al., 2010). By 14
months, AR infants diagnosed with ASD demonstrated robust impairments in joint attention
(JA), the ability to share attention about interesting events or objects with social partners
using eye gaze and gestures (Landa, Holman, & Garrett-Mayer, 2007). Specifically, AR
infants demonstrated difficulties in both initiating as well as responding to joint attention
bids compared to TD infants in the second year of life (Cassel et al., 2007; Goldberg et al.,
2005). In a different study, AR toddlers between 18 and 27 months demonstrated delays in
expressive and receptive language, used fewer communicative words and gestures, and had
lower 1Q scores compared to TD peers (Toth et al., 2007). Specifically, parents reported
social impairments in their infants as early as 13 months of age (Toth et al., 2007). Overall,
as a group, AR infants demonstrate significant delays in social interaction skills within the
first 2 years of life.
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1.2. Perceptuo-motor delays in AR infants

There is growing research on perceptuo-motor delays in gross and fine motor skills in AR
infants. Some of the earliest delays in AR infants who later developed ASD have been
reported in the perceptuo-motor domain and not the diagnostic social communication
domain (Bhat et al., 2011; Bryson et al., 2007; Landa & Garrett-Mayer, 2006). AR infants
demonstrate gross and fine motor delays including hypotonicity, poor postural control,
reduced movement repertoire, poor object exploration skills, and perseverative object play
(Flanagan, Landa, Bhat, & Bauman, 2012; Bhat, Galloway, & Landa, 2012; Libertus,
Sheperd, Ross, & Landa, 2014; Nickel, Thatcher, Keller, Wozniak, & Iverson, 2013;
Ozonoff et al., 2008). For example, at 3 and/or 6 months, AR infants demonstrated poor
head control during a pull-to-sit task (Flanagan et al., 2012) and poor postural skills on a
standardized motor assessment (Bhat et al., 2012) compared to low-risk TD infants.
Similarly, a longitudinal assessment of postural skills of AR and TD infants during
naturalistic play-based activities from 6 to 14 months suggested that AR infants showed
delays in the acquisition of sitting and standing skills compared to TD infants (Nickel et al.,
2013). Moreover, AR infants who went on to develop ASD diagnoses initiated fewer
postural changes and were delayed in acquiring more advanced postures compared to TD
peers (Nickel et al., 2013). In terms of fine motor skills, AR infants also demonstrated poor
grasping and immature object manipulation skills within an object play context as well as on
a standardized developmental assessment (Libertus et al., 2014). Overall, there is growing
evidence for the presence of delayed and atypical gross and fine motor skills in AR infants
within the first year.

1.3. Links between motor and social development in infancy

Although there is substantial evidence on delayed/atypical motor and social skills in AR
infants, interestingly, there is a lack of literature exploring links between motor and social
domains in AR infants over the first two years of life. In contrast, there is a large body of
developmental literature in TD infants exploring how motor development impacts social and
communication development (Biringen, Emde, Campos, & Appelbaum, 2008; Campos,
1990; Campos et al., 2000; Campos, Kermoian, Witherington, Chen, & Dong, 1997;
Campos, Kermoian, & Zumbahlen, 1992; Clearfield, 2011; Karasik, Tamis-LeMonda, &
Adolph, 2011; Walle & Campos, 2014). Toward the end of the first year, as infants expand
their motor repertoire in terms of their postural and locomotor skills as well as grasping and
object manipulation abilities, they are able to explore their physical and social environment
in novel and diverse ways, thereby facilitating concurrent advances in social communication
skills. For example, compared to prelocomotor infants, parents of locomotor infants reported
that infants showed greater instances of engagement in interactive play, increased back-and-
forth checking back with caregivers during exploratory play, frequent displays of intense
forms of affection toward caregivers, and greater attention to distal events in the
environment (Campos et al., 1992). Similarly, Karasik et al. (2011) examined changes in
infants’ actions on objects and people during their transition from crawling to walking. With
the onset of walking, TD infants accessed more distal objects and used their locomotor skills
more often to approach their caregivers and share objects with them (Karasik et al., 2011).
Given the substantial perceptuo-motor and social impairments in AR infants, it would be
critical to examine delays or differences in relationships between subsystems over the course
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of development in AR infants compared to TD infants. A better understanding of
multisystem links in AR infants could provide us with potential early markers for autism
diagnosis and may also serve as targets for early intervention.

1.4. Present study

The current diagnosis of ASD is based on clinical judgment as well as standardized
assessments such as the Autism Diagnostic Interview, Revised (ADI-R) (Lord, Rutter, &
Couteur, 1994), a structured parent interview to obtain the developmental history of the
subject and the Autism Diagnostic Observation Schedule (ADOS-2) (Lord et al., 2012), that
involves a series of structured and semi-structured interactions between the examiner and
the subject. During these interactions, the examiner provides a number of social presses or
opportunities for the child to demonstrate age-appropriate social communication behaviors
as well as restricted and repetitive behavioral patterns specific to autism (Lord et al., 2012).
Social communication skills include spontaneous and reciprocal interactions (hon-verbal and
verbal) during play, motor imitation, response to name, social smiles, and gestural use (Lord
et al., 2012). Along the same lines, in the current study, we assessed object sharing, another
early emerging social skill that is frequently observed during object play between caregivers
and infants within the first two years of life.

We specifically aimed to explore motor-social links by extending Karasik’s work and
comparing object sharing skills in TD and AR infants at crawling and walking ages. We
were specifically interested in assessing group differences in object sharing skills and
understanding how these differences are influenced by the transition from crawling to
walking. We compared the total rates and types of bids initiated by crawling and walking
infants toward their caregivers during a play-based “object sharing” paradigm within
naturalistic settings. The onset of walking is associated with more mature and sophisticated
forms of interactions with objects and people (Karasik et al., 2011). Therefore, we
hypothesized that both TD and AR infants would share more at walking compared to
crawling ages. However, we expected that AR infants would have lower rates of sharing
compared to TD infants. To explore group differences in the influence of locomotor abilities
on object sharing skills following the onset of walking, we coded step rates of infants in both
groups during their walking visits. We expected that TD infants would step more toward
targets related to the task, i.e. steps toward caregivers for sharing objects with them, whereas
AR infants would step more frequently toward other non-social cues in the room.

2. Materials and methods

2.1. Participants

Sixteen infants at risk for ASD or AR infants (13 males and 3 females, 15 Caucasian and 1
African-American, 14 infant siblings of children with ASD and 2 preterm infants who
developed ASD at 2 years) and sixteen typically developing infants (TD infants; 11 males
and 5 females, 15 Caucasian and 1 of mixed ethnicity) with no family history of ASD,
prematurity, or significant birth history participated. Infants were observed at 9 months (TD
infants—M = 9.92, SD = 0.58; AR infants—M = 9.70, SD = 0.56, t(28) = 1.09, p = 0.29), 12
months (TD infants—M = 12.88, SD = 0.54; AR infants—M = 12.97, SD = 0.89, t(30) =
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-0.34, p=0.74), and 15 months of age (TD infants—M = 15.85, SD = 0.53; AR infants—M
=15.66, SD = 1.13, t(28) = 0.59, p = 0.59) during the object sharing paradigm. All families
belonged to the upper-middle or upper class based on socioeconomic status (TD infants—M
=55.32, SD =9.22; AR infants—M = 52.03, SD = 12.66, p = 0.44) (Hollingshead, 1975).
Participants were recruited through phone calls and fliers distributed to autism centers,
schools, early intervention centers, ASD advocacy groups, and online announcements. We
excluded infants with significant birth history including low birth weight, head injury, birth
trauma, known genetic disorder, hearing or vision impairment, or any orthopedic diagnoses.
Older siblings of all AR infants and the two preterm infants met diagnostic criteria for ASD
based on the Autism Diagnostic Interview-Revised (ADI-R) (Lord et al., 1994), expert
clinical judgment, and/or medical records. All infants were recruited in the study following
written parental consent as approved by the Institutional Review Board at the University of
Connecticut.

2.2. Future outcomes

We assessed infants’ future outcomes and delays using parent screening questionnaires at 18
months and by emailing parents around infants’ 2nd birthday to obtain information
regarding any developmental delays or diagnoses and services received by infants (see
Tables 1 and 2). Parents in both groups were asked to fill out the Ages and Stages
Questionnaire, Third Edition (ASQ-3™) (Squires & Bricker, 2009) and the Modified
checklist for Autism in Toddlers (M-CHAT) (Robins et al., 2001) at 18 and 24 months. The
ASQ-3™ is a valid and reliable screener for developmental delays in children between 1
month and 5.5 years of age (Squires & Bricker, 2009). Standard scores were obtained for the
various sub-domains of motor, social, and cognitive development (see Tables 1 and 2).
Scores falling 2 SDs below the mean were considered a severe delay. The M-CHAT is a 23-
item screening questionnaire used to assess risk for ASD. Failure on a total of 3 or more
items or 2 or more critical items is suggestive of greater risk for ASD (Robins et al., 2001).
We have ASQ-3 and M-CHAT data from 14 TD infants and 14 AR infants at 18 months
(see Tables 1 and 2). In the TD group, none of the infants reported severe delays on the
ASQ-3 or failed on the M-CHAT at 18 and 24 months, and none of the parents reported any
diagnoses or intervention services at 2 years of age (see Table 1). In the AR group, 7 infants
reported delays on the ASQ-3™ and 6 infants failed on the M-CHAT at 18 months (see
Tables 1 and 2). Note: that the two preterm infants who later developed ASD did not
complete the ASQ-3™. Based on follow-up email inquiries, 3 infants were diagnosed with
ASD and an additional 5 infants were diagnosed with language delays. Moreover, six AR
infants were receiving early intervention at two years of age (see Tables 1 and 2). Overall,
10 out of the 16 AR infants developed future developmental delays based on questionnaire
data or received diagnoses/services based on parent reports (see Table 2). Due to small
sample sizes, we will not be distinguishing the performance of toddlers who developed ASD
later; however, individual data are shown in Fig. 3B and C.

2.3. Experimental procedures

During each testing visit that took place at the infants’ home, we assessed their locomotor
status and observed them within the “object sharing” paradigm (adapted from Karasik et al.,
2011) (see Fig. 1).
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2.3.1. Locomotor status—An infant had to demonstrate >5 independent and successive
crawl or step cycles to be classified as a crawling or walking infant respectively. There were
no significant group differences in the mean age of infants at crawling (TD infants—M =
11.09, SD = 1.65; AR infants—M = 10.81, SD = 2.08, t(30) = 0.42, p = 0.68) and walking
visits (TD infants—M = 15.57, SD = 0.90; AR infants—M = 15.56, SD = 1.23, t(30) = 0.02,
p = 0.98). In the TD group, 1 infant did not walk at the 15-month visit, whereas, in the AR
group, 4 infants did not walk at 15 months. In addition, 2 at-risk infants showed crawling
asymmetries (with excessive hip abduction and leg trailing) whereas none of the TD infants
demonstrated any locomotor asymmetries.

2.3.2. Object sharing task—The task lasted for 14 min. Infants were seated on the floor
with 20 age-appropriate toys such as rattles, balls, and books, at a distance of approximately
four feet from their caregivers (see Fig. 1). In the spontaneous condition (first 7 min),
infants were encouraged to play freely with the toys, and caregivers were asked to wait for
infants to initiate interactions (Fig. 1) (Mean duration in minutes of spontaneous condition—
TD infants: M = 5.96, SD = 1.25, AR infants: M = 6.28, SD = 1.05). In the social condition
(next 7 min), caregivers were asked to initiate a cleanup activity (Fig. 1) (Mean duration in
minutes of social condition—TD infants: 4.51, SD = 1.81, AR infants:M = 5.33, SD = 1.94).
Specifically, caregivers would point to the toy and with a show of their hand ask for the toy
by saying “It’s cleanup time. Let’s put the toy away.” The task was considered complete
when infants shared all the toys or at the end of the social condition, whichever occurred
earlier. Behavioral coding was done using OpenSHAPA (GitHub, Inc.) video coding
software.

2.4. Behavioral coding of the object sharing task

2.4.1. Object sharing bids—We coded for the total rates and types of sharing bids per
minute that infants initiated toward their caregivers during the spontaneous and social
conditions of the task. Specifically, we coded for the following caregiver-directed object
sharing bids—throws (infant flings object in the direction of caregiver from a stationary
position), gives (infant hands object to caregiver from a stationary position), and approaches
(infant crawls or walks to caregiver to share objects with them). Approaches were coded if
infants used =2 crawl cycles or steps in the forward direction toward the caregiver. A single
coder blinded to the grouping of the child coded the data after establishing intra- and inter-
rater reliability based on videos from 20% of the entire dataset. Intra-class correlations
(ICCs) were used to calculate reliability for all behaviors (throw = 0.99, reach = 0.97,
approach = 0.99).

2.4.2. Step target—All walking visits of infants were coded for step rates i.e. steps taken
per minute toward caregivers, objects, and elsewhere in the room, for example, toward
furniture or other toys unrelated to the task. For infants who were not walking independently
at their 15-month visit, we coded for steps taken by infants with external support (for
example, steps taken while holding onto furniture etc. The step target analysis was based on
15 TD and 15 AR infants, since 2 infants in our sample did not demonstrate supported
walking at the 15-month visit.
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2.5. Statistical analyses

We assessed infants at 9, 12, and 15 months. However, since we were interested in
examining changes in object sharing skills over the transition from crawling to walking, out
of the three visits, we analyzed sharing data from one crawling and one walking visit for
each infant (Note, Fig. 2 shows object sharing data from all 3 visits for TD and AR infants).
Moreover, to control for the effect of age on object sharing, we will include age at walking
visit as a covariate in our statistical analysis. One TD infant and 4 AR infants did not walk
by their 15-month visit, so we used data from their 15-month crawling visit as their best
performance.

We analyzed the total rates and types of object sharing using multivariate ANCOVAs with
condition (spontaneous and social) and skill level (crawling and walking) as within-subjects
factors, group (TD and AR) as a between-subjects factor, and age at walking visit as a
covariate. For types of sharing, bid type (throw, reach, approach) was an additional within
subjects factor. For analyzing group differences in step target during the walking visits, we
used a 3 x 2 factorial ANOVA with step target (to caregiver, to objects, and to elsewhere)
and condition (spontaneous, social) as the within-subjects factors and group as the between-
subjects factor. For all analyses, if there was a significant main effect and an interaction
effect for a given factor, we conducted further post-hoc t-tests to assess the significant
interaction. In case of 2-way and 3-way interactions involving the same factors, we analyzed
the 3-way interactions further. For all analyses, p < 0.05 was considered significant.
Following Bonferroni corrections, significance was set at the adjusted p value of < 0.01 and
statistical trends were reported when p values were between 0.05 and 0.01. Effect sizes are
reported as partial eta-squared (npz) and standardized mean difference (SMD) (Hedges,
1981) values.

3. Results
3.1. Object sharing bids

3.1.1. Total rates of object sharing—Multivariate ANCOVA revealed significant main
effect of Group (F(1, 29) =12.82, p = 0.001, npz =0.31) and interaction effects of Skill level
x Group (Pillai’s trace = 0.19, F(1, 29) = 6.61, p = 0.016, Tlp2 =0.19) and Condition x
Group (Pillai’s trace = 0.19, F(1, 29) = 6.62, p = 0.015, n,? = 0.19).

Post-hoc analysis of the Skill level x Group interaction suggested that TD infants shared
more than AR infants at the walking visit (p < 0.001, see Table 3A and Fig. 3A), with no
significant group differences observed at the crawling visit. Fig. 3B and C show individual
data on the total rates of sharing during the transition from crawling to walking, suggesting
that a majority of the AR infants showed lower rates of sharing compared to TD infants at
walking visits.

Post-hoc analysis of the Condition x Group interaction suggested that TD infants shared
more than AR infants during the social condition of the task (p = 0.001) with a similar trend
seen during the spontaneous condition of the task (p = 0.03) as well. Moreover, the
magnitude of group difference was greater during the social compared to the spontaneous
condition (see Table 3B and Fig. 4).
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3.1.2. Types of object sharing—Multivariate ANCOVA indicated main effect of group
(F(1, 29) =12.82, p = 0.001, npz =0.31) as well as significant interaction effects of Skill
level x Group (Pillai’s trace = 0.19, F(1, 29) = 6.61, p = 0.016, npz =0.19), Condition x
Group (Pillai’s trace = 0.19, F(1, 29) = 6.62, p = 0.015, an =0.19), and Skill level x Bid
type x Group (Pillai’s trace = 0.21, F(2, 28) = 3.61, p = 0.04, npz =0.21).

Post-hoc analysis of the Skill level x Bid type x Group suggested that TD walking infants
demonstrated significantly greater approaches (p = 0.01) and a trend for greater giving (p =
0.03) toward caregivers compared to AR walking infants (see Table 3A and Fig. 5); no
significant group differences were seen at crawling visits.

3.2. Step target

A 3 x 2 factorial ANOVA revealed significant main effect of Condition (F(1, 28) = 11.49, p
=0.002, ny? = 0.29) and Step target (F(2, 56) = 3.77, p = 0.029, ny? =0.12), as well as a Step
target x Group (F(2, 56) = 6.19, p = 0.004, npz = 0.18) interaction.

Analysis of the Step target x Group interaction revealed that TD infants took significantly
more steps toward the caregivers (p = 0.02) and objects (p < 0.001) compared to the AR
infants (see Table 3C and Fig. 6).Within the AR group, infants took greater steps toward
elsewhere in the room compared to steps taken toward caregivers and objects (p values <
0.008). Overall, 12 out of the 15 AR infants followed the group trends.

4. Discussion

4.1. Summary of results

In the current study, we found that the onset of walking was associated with a
developmental surge in object sharing skills in both groups. However, group differences in
object sharing were evident at walking visits only, with TD walking infants sharing objects
at significantly greater rates compared to AR walking infants. Specifically, TD walking
infants reached out and approached their caregivers more often than AR walking infants.
Moreover, group differences in sharing were evident in the spontaneous and social
conditions of the task, although the magnitude of the difference was greater in the social
compared to the spontaneous condition of the task. Our step target analysis suggested that
TD walking infants used their locomotor skills to engage in task-appropriate exploration
involving steps taken toward objects and caregivers for the purpose of sharing. In contrast,
AR walking infants took fewer steps toward task-appropriate targets and instead took greater
steps toward elsewhere in the room suggesting that they used their locomotor skills for non-
social exploration. Next, we will identify several factors that may contribute to the observed
increase in object sharing skills over the transition from crawling to walking. Furthermore,
we will also discuss potential reasons for group differences in sharing skills within the first 2
years of life.
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4.2. Developmental changes and group differences in object sharing over the transition
from crawling to walking

Our findings fit with previous literature suggesting a reorganization of infants’ perceptuo-
motor and social communication systems following the onset of walking. Previous studies
showed that walking infants were able to engage in greater and more sophisticated object
sharing bids with their caregivers including pointing at objects, offering distal toys, and
vocalizing to caregivers compared to age-matched crawling infants (Clearfield, 2011;
Karasik et al., 2011). In our study, we found greater reaches and approaches with objects
directed toward the caregivers in walking infants than crawling infants within both groups.
However, reduced object sharing in AR infants compared to TD infants has been reported in
other studies that have used similar tasks in children with ASD (Lemanek, Stone, & Fishel,
1993; Sigman et al., 1986). During a cleanup task, children with ASD were less likely to
show, point at, or share objects with caregivers compared to TD children (Sigman et al.,
1986). Similarly, children with autism ignored caregiver bids during cooperative play
activities compared to TD children and children with other developmental disabilities
(Lemanek et al., 1993).

To engage in object sharing, infants must perceive objects in their environment, attend to
caregiver bids, move efficiently toward objects and caregivers, and shift attention smoothly
and fluidly between objects and caregivers. Below, we will briefly discuss each of the
above-mentioned factors and how they could contribute to group differences between TD
and AR infants.

4.2.1. Changes in perception of objects in the physical environment—With the
onset of upright locomotion, infants begin to observe objects and people within their distal
environment from an elevated vantage point. Walking also provides a perceptual advantage
compared to crawling by allowing infants to continuously monitor their dynamic distal
environment as they move (Kretch, Franchak, & Adolph, 2014). Therefore, compared to
crawling infants who predominantly engage with proximal objects, walking infants
primarily access and share distal objects with their caregivers (Karasik et al., 2011). In our
study, similar perceptual changes could have contributed to the greater rates and variety of
sharing bids in the walking infants compared to the crawling infants. In contrast, the reduced
object sharing in AR infants at walking ages could have been the result of heightened object
perception or perseveration in AR compared to TD infants. AR infants and children with
ASD have a substantial bias toward non-social versus social cues and engage in high levels
of perseveration and non-functional play with objects compared to TD peers (Bhat et al.,
2010; Maestro et al., 2002; Ozonoff et al., 2008; Wolff et al., 2014). For example, during a
novel social-object learning task that required infants to spontaneously interact with objects
and caregivers, AR infants spent greater time looking at objects than toward caregivers
compared to TD infants (Bhat et al., 2010). In a different study, using a caregiver rating
scale, both AR infants who eventually developed ASD and AR infants who did not develop
autism engaged in greater repetitive behaviors compared to their TD peers at 12 and 24
months (Wolff et al., 2014). Overall, AR infants in our study may have spent greater time
attending to objects and engaging in repetitive sensorimotor exploration with objects, that
may have affected their ability to engage in functional, socially directed play with
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caregivers. Currently, we are coding the attention patterns observed in both groups of infants
to validate our hypotheses.

4.2.2. Changes in perception of caregivers in the social environment—
Independent locomotion provides infants with a myriad of opportunities to explore their
environment at their will without having to depend on caregivers (Adolph & Robinson,
2013). This autonomy is further boosted with the onset of walking. Weeks of independent
exploration of the distal space and physical separation from caregivers may foster a sense of
self-other distinction in infants (Campos et al., 2000; Clearfield, 2011). Despite this sense of
independence, walking infants frequently seek out caregivers to share their exploration and
actually become more sensitive to the distal communicative verbal and gestural bids of
caregivers (Biringen et al., 2008; Campos et al., 2000; Adolph & Robinson, 2013;
Clearfield, 2011; Karasik et al., 2011). This enhanced social perception with the onset of
walking may facilitate typically developing infants’ ability to respond to caregiver-initiated
bids during object-based play. In contrast to this typical developmental trajectory, AR
infants and children with ASD have difficulties attending to social cues probably due to their
lack of social motivation to engage with caregivers (Dawson, Meltzoff, Osterling, Rinaldi,
& Brown, 1998; Shic, Bradshaw, Klin, Scassellati, & Chawarska, 2011; Dawson et al.,
1998, 2004; Mundy & Newell, 2007). In our study, we observed group differences during
both, the spontaneous and social conditions even though the magnitude of the group
difference was greater during the social condition. Previous research suggests that AR
infants who later develop ASD demonstrate impairments in both initiating and responding to
joint attention (Landa et al., 2007; Bakeman & Adamson, 1984; Mundy, 2003; Mundy,
Sigman, Ungerer, & Sherman, 1986). Developmentally, infants begin to respond to bids
initiated by others before they are able to spontaneously initiate bids to share their interests
with others (Bakeman & Adamson, 1984; Mundy & Newell, 2007). In the present study,
both groups demonstrated lower levels of self-initiated sharing in the spontaneous condition
possibly leading to a low group difference. In contrast, as mentioned earlier, the
impairments in responsive joint attention and lack of social motivation reported in AR
infants could have contributed to the low rates of sharing in the social condition.

4.2.3. Changes in access to objects and caregivers in the environment—
Typically developing walking infants engage in greater moving bids to engage with
caregivers compared to crawling infants who despite their ability to move chose to engage in
stationary sharing bids (Karasik et al., 2011). Walking is a more efficient mode of
locomotion allowing quicker, easier access to distal objects and people (Karasik et al., 2011;
Sparrow & lIrizarry-Lopez, 1987). Moreover, given their hands-free position, walkers are
able to carry objects more often while moving compared to crawlers (Karasik, Adolph,
Tamis-LeMonda, & Zuckerman, 2012). In contrast to TD infants, poor postural control in a
variety of postures may significantly limit AR infants’ ability to share with caregivers using
stationary and moving bids (Bhat et al., 2011, 2012; Nickel et al., 2013; Flanagan et al.,
2012). For example, AR infants were delayed in achieving proficiency in sitting and
standing postures; moreover, infants who eventually developed ASD initiated fewer posture
changes and spent greater time in less advanced postures such as sitting and lying even at 14
months of age (Nickel et al., 2013). In our sample, roughly 25% AR infants did not walk
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even at 15 months compared to 6% TD infants that could have affected infants’ ability to
share with caregivers. Moreover, as a group, AR infants seemed unable to use their
locomotor skills to interact in meaningful ways with caregivers. While TD infants stepped
more toward task-appropriate targets, i.e. toys and caregivers for the purpose of sharing, AR
infants stepped more toward elsewhere in the room. Ldsche (1990) reported similar trends
with the onset of walking, where TD children used their newfound abilities to engage in
diverse actions on objects in their surroundings, whereas children with ASD walked
aimlessly and did not use their motor skills to explore the environment. Overall, postural and
locomotor delays as well as inability to use reaching and locomotor skills for social
engagement could have also contributed to poor sharing skills in AR compared to TD
infants.

4.2.4. Changes in attention shifting abilities between objects and people—
Locomotor experiences can enhance typically developing infants’ abilities to focus on the
distal environment and shift attention smoothly and fluidly between multiple targets. For
example, prelocomotor infants with walker experience and locomotor crawling infants
looked at objects in their distal space, whereas prelocomotor infants without such
experiences did not look at anything in particular and instead fixated on vacant parts of the
room (Campos et al., 1992). Furthermore, with the onset of upright locomotion there is a
transition from primarily dyadic interactions with caregivers to more sophisticated triadic
interactions involving objects (Campos et al., 1992). For example, a toddler playing catch
with mom frequently shifts attention between mom and the ball. Attention regulation might
thus develop as a function of locomotor experiences in typically developing infants. In
contrast to this trajectory, AR infants demonstrate significant difficulties in attention shifting
that may adversely affect their ability to engage in triadic sharing episodes with caregivers
(Landry & Bryson, 2004). For instance, children with ASD have difficulty disengaging
attention and rapidly shifting attention between stimuli; instead they fixate on stimuli in their
current focus of attention (Landry & Bryson, 2004). Difficulties in social orienting,
increased perseveration on objects, and impaired shifting of attention between objects and
people may adversely affect children’s ability to engage in joint attention episodes to share
their play with caregivers (Landry & Bryson, 2004; Dawson et al., 2004; Mundy & Newell,
2007). Overall, attention-shifting impairments in AR infants may have also interfered with
infants’ ability to spontaneously engage with caregivers as well as respond to the attentional
bids initiated by their caregivers.

4.3. Clinical implications for assessment and treatment

In terms of early detection, a diagnosis of ASD can be made as early as 18 to 24 months
(Robins et al., 2001; Shattuck et al., 2009). Our findings show that autism-related delays in
AR infants are observed during object sharing within the first year. Therefore, caregivers
should look for specific red flags during social-object play contexts such as low frequencies
of giving and physical approaches with objects, lack of functional play, high rates of
perseveration, as well as lack of engagement with caregivers.

In terms of treatment implications, social-object play is a valuable context to facilitate social
communication, cognitive, and imitation skills in at-risk infants within the first 2 years of
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life. Through object sharing, infants learn social skills such as JA and imitation,
communication skills such as verbal labels of objects, and cognitive skills such as object
affordances. Current early intervention programs for toddlers and young children with ASD
are based on behavioral and developmental principles (Corsello, 2005; Warren et al., 2011,
Boyd, Odom, Humphreys, & Sam, 2010; Reichow, 2012). Multiple child-directed, parent-
delivered, developmental approaches such as the Early Start Denver Model that facilitate
social interactions and age-appropriate play during child-preferred activities have led to
improvements in 1Q, adaptive behavior, and autism symptomatology in children with ASD
(Dawson et al., 2010; Diggle & McConachie, 2002). With parents as “co-therapists,”
children with ASD are provided a multitude of learning opportunities throughout the day
and this also allows for early initiation of intervention within the first year of life.
Furthermore, parent training is also associated with lower caregiver stress and increased
confidence in addressing the child’s symptoms (McConachie & Diggle, 2007). Along these
lines, object play episodes may serve as early therapeutic opportunities for parents to
promote critical skills in at-risk infants. Within the first year of life, typically developing
infants frequently engage in object-based play with caregivers involving pointing, showing,
as well as sharing of objects (Williams, 2003; Bakeman & Adamson, 1984; Girolametto,
Verbey, & Tannock, 1994). Parents typically facilitate infants’ exploration of objects as well
as their understanding of object properties and object affordances, often by using elements
of imitative play, wherein they encourage infants to imitate actions on objects. Our study
suggests that triadic object sharing games could serve as promising contexts to teach social
interactions and functional skills to at-risk infants. Moreover, our study also underscores the
importance of providing infants with a variety of postural and locomotor movement
experiences that will allow them to explore their world in sophisticated ways, which in turn
may have cascading effects on their social communication skills (Bhat et al., 2011, 2012).

4.4. Limitations and conclusions

Our study has several limitations including a small sample size, diverse at-risk group, lack
of a developmentally delayed control group, the preliminary nature of the study, and lack of
additional follow-up. Although promising, our study results should be interpreted with
caution and require replication using larger sample sizes. Although we controlled for the age
at walking visit, we could not control for amount of walking experiences. Furthermore, our
sample was also slightly diverse since we included two preterm infants in our study.
However, preterm infants are a known population at-risk for ASD (Limperopoulos et al.,
2008; Mwaniki et al., 2012) and the two preterm infants included in the present study
received ASD diagnoses after their second birthday. This study was a preliminary study to
assess the presence of object sharing deficits in AR infants. However, given the small
sample size and the lack of a developmentally delayed control group, we were not able to
assess the feasibility of using object sharing as a paradigm to identify future developmental
delays in AR infants. We found that AR infants as a group, irrespective of their outcome
diagnoses, demonstrated poor sharing skills. However, we were not able to conduct detailed
sub-group analyses to understand the differences in developmental trajectories of infants
who developed ASD versus language delays. Future studies should aim at rigorously and
carefully examining the sensitivity and specificity of this paradigm for predicting
developmental delays in AR infants. Our study was also not designed to understand the
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individual contributions of component motor and social skills to object sharing behaviors.
Furthermore, the small sample size precluded the statistical examination of relationships
between outcome measures and specific motor-social impairments in AR infants. In terms of
the study coding, we have restricted our discussion in the current paper to infant behaviors
only. However, given that object sharing is a dyadic activity, it would be equally important
to code for caregiver behaviors. Currently, we are systematically coding caregiver behaviors
including proximity to infants, use of gestures, and caregiver verbalization to examine
potential group differences in caregiver behaviors and their contribution to infant object
sharing skills.

Overall, our study suggested that AR infants shared less than TD infants following the onset
of walking. Furthermore, AR infants had difficulties in using their locomotor skills to
engage in meaningful ways with caregivers within the second year of life. Despite the
considerable limitations in the study, we think that object sharing may be a valuable
paradigm to identify delays in AR infants within the first year of life and social-object play
episodes may be a promising intervention context for infants at risk for developing autism.
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Highlights

« Infants at-risk for autism had less object sharing than typically developing
infants at 12 and 15 months.

» Infants at-risk for autism had fewer reaches and physical approaches to
caregivers than typically developing infants at 12 and 15 months.
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Fig. 1.
Experimental setup for spontaneous and social conditions of the object sharing task.
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Fig. 2.

Developmental trajectory of object sharing in TD and AR infants.
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Skill-related Differences in Object Sharing
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Skill-related Differences in Object Sharing:
AR infants
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Fig. 3.

(A?) Skill-related group differences in total rates of object sharing. Error bars represent
standard error of the mean. (B) Individual data on total rates of object sharing at crawling
and walking ages in TD infants. (C) Individual data on total rates of object sharing at
crawling and walking ages in AR infants. Each solid line represents an individual infant.
Dash lines represent group averages. Dot-dashed lines represent AR infants with future
diagnoses or delays.
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Condition-related Differences in Object Sharing:
TD vs. AR
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Fig. 4.

Condition-related group differences in total rates of object sharing. Error bars represent
standard error of the mean.

Infant Behav Dev. Author manuscript; available in PMC 2017 February 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Srinivasan and Bhat

Rates of Object Sharing

0.8

0.6

0.4

0

Page 25

Types of Object Sharing: TD vs. AR
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Fig. 5.
Group differences in types of object sharing bids at crawling and walking ages. Error bars
represent standard error of the mean.
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Step Rates: TD vs AR
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Fig. 6.

Group differences in step rates toward caregiver, objects, and elsewhere during the sharing
task.
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