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Abstract

The development of new motor skills alters how infants interact with objects and people.
Consequently, it has been suggested that motor skills may initiate a cascade of events influencing
subsequent development. However, only correlational evidence for this assumption has been
obtained thus far. The current study addressed this question experimentally by systematically
varying reaching experiences in 40 three-month-old infants who were not reaching on their own
yet and examining their object engagement in a longitudinal follow-up assessment 12 months later.
Results revealed increased object exploration and attention focusing skills in 15-month-old infants
who experienced active reaching at three months of age compared to untrained infants or infants
who only passively experienced reaching. Further, grasping activity after — but not before —
reaching training predicted infants’ object exploration 12 months later. These findings provide
evidence for the long-term effects of reaching experiences and illustrate the cascading effects
initiated by early motor skills.
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The attainment of motor milestones during infancy has important implications for children’s
learning about the physical and social world (Gibson, 1988). Indeed, correlational findings
demonstrate that early emerging motor skills can affect subsequent development across
domains. For example, five-month-old infants’ motor maturity and exploratory behaviors
have been associated with their attention skills at 13 months (Tamis-LeMonda & Bornstein,
1993) and their subsequent academic achievement at 14 years of age (Bornstein, Hahn, &
Suwalsky, 2013). Similarly, infants’ walking and fine motor skills between 10- to 24-months
of age have been associated with their concurrent vocabulary size (He, Walle, & Campos,
2015; Walle & Campos, 2014) and their subsequent language development at 3 years of age
(LeBarton & lverson, 2013; Wang, Lekhal, Aaro, & Schjolberg, 2014). These correlational
studies suggest that motor skills initiate a developmental cascade through which early
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experiences in the motor domain influence learning in other domains and thereby affect
infants’ long-term development (Bornstein, Hahn, & Wolke, 2013; Campos et al., 2000; Fry
& Hale, 1996). However, it remains unclear whether motor experiences affect subsequent
development directly or merely reflect an already advanced developmental trajectory. Put
differently, do children with advanced motor skills also tend to have advanced skills in other
domains? Or, is it the case that improvements in motor skills produce improvements in skills
in other domains? To discriminate between these two different possibilities, longitudinal
investigations involving experimental manipulations of early motor experiences are
necessary. The current study fills this gap by examining the effects of parent-guided reaching
training at three months of age on infants’ object exploration behaviors and attention skills at
15 months of age.

Reaching is one of the earliest motor milestones to develop and it allows infants to obtain,
explore, and share objects — activities that provide rich learning opportunities for social,
language, and cognitive development. Successful reaching emerges around four to six
months of age (Berthier & Keen, 2006) but is preceded by a period of unsuccessful, pre-
reaching attempts. Throughout this pre-reaching period, infants somehow remain motivated
to engage in further reaching attempts. One factor that may maintain infants’ motivation to
reach for and act upon objects is their ability to detect and learn about the contingencies
between their own actions and observed consequences. For example, newborns readily learn
to adjust their sucking rate in order to hear a desired stimulus (DeCasper & Spence, 1986).
Similarly, 2.5-month-olds increase their leg movements once they notice that kicking makes
an overhead mobile move while it is attached to one of their legs via a ribbon (Rovee &
Rovee, 1969). Thus, it is likely that infants also notice the consequences brought about by
their own reaching actions and actively try to reproduce these effects — resulting in further
reaching attempts.

Studies that systematically manipulate the outcome of infants’ reaching attempts
demonstrate the importance of contingency detection for the development of reaching skills.
In these studies, three-month-old pre-reaching infants were provided with specific training
experiences enhancing the outcomes of their reaching attempts and the immediate effects of
this training were examined. For example, providing pre-reaching infants with a salient
consequence of their own arm movements by attaching a ribbon between their hands and a
mobile suspended in front of them has been found to encourage subsequent reaching
attempts (Needham, Joh, Wiesen, & Williams, 2014). Similarly, after only two weeks of
daily, 10-minute parent-guided reaching training using Velcro® mittens and toys (“sticky
mittens’, allowing toys to stick to the child’s hand), pre-reaching infants showed a
significant increase in grasping and object exploration behaviors (Libertus & Needham,
2010; Needham, Barrett, & Peterman, 2002). Critically, infants who received only passive
(observational) training using ‘non-sticky mittens’ and toys or infants who received no
training did not show an increase in grasping activity over the same time period (Libertus &
Needham, 2010). Further, reaching experiences also seem to influence infants’ social
development, as active ‘sticky mittens’ training encouraged preferential attention towards
faces in pre-reaching infants (Libertus & Needham, 2011). Together, these findings
demonstrate that providing infants’ with training that highlights the contingencies caused by
their own reaching actions has immediate influences on their motor and social development.
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However, the foundational role of reaching experiences and their resulting contingencies on
subsequent development across domains remains poorly understood.

The current study addresses this question by examining the potential long-term effects of
early reaching experiences. Previous findings revealed a significant increase in grasping
activity after active but not after passive reaching training using ‘sticky mittens’ in three-
month-old pre-reaching infants (Libertus & Needham, 2010). This study follows up with the
same infants 12 months after their training, comparing object exploration and attention skills
at 15 months of age between infants who received active, passive, or no training at three
months of age. Because reaching training encouraged infants’ grasping at three months of
age, we predicted that increased grasping would continuously provide the infant with
additional learning opportunities that affect subsequent object exploration and attention
skills. Positive results would support the theory that motor skills initiate developmental
cascades that can spread across domains.

A total of 36 children received two weeks of reaching training at three months of age as part
of a previous training study on the effects of motor experiences on grasping development
(for details see Libertus & Needham, 2010). During training, 18 children were given
opportunities to actively obtain objects using ‘sticky mittens’ (referred to as Active Training,
AT), whereas 18 children only passively observed toys being touched to their hands (referred
to as Passive Training, PT; groups assigned with order of recruitment). For the current study,
25 children from the previous training study returned for a follow-up assessment 12 months
after their last training session (M= 11.77 months, SD=0.79; 14 and 11 from AT and PT
groups, respectively). In addition, 15 children who had not participated in the previous
training study were recruited as an untrained comparison group (UC; see Table 1). All
participants were recruited from public birth records and their parents received $5 travel
reimbursement and a small gift for their participation. The Institutional Review Board
approved the research protocol and a parent or legal guardian provided informed consent
before testing.

Training at 3 Months of Age

As part of the previous training study, infants in the AT and PT groups completed two weeks
of daily, parent-guided training using special mittens and toys at three months of age
(approximately 10 min training per day, see Table 1 and Figure 1a). In the AT group, mittens
and toys were covered with Velcro®. Parents were asked to place the mittens on their
infant’s hands, to put blocks on a table within reach of their child, and to encourage their
child to reach for the toys. While wearing these ‘sticky mittens’, accidental or purposeful
contact with the toys made them stick to the mitten, providing the child with experiences of
successful reaching (see Needham et al., 2002).

Mittens and toys used with the PT group were visually identical to those of the AT
condition, but the blocks were covered with black tape instead of Velcro® and could not
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stick to the mittens. Parents were asked to place the mittens on the child’s hands, to put the
blocks on a table within reach of their child, and to then lift the toys and touch them to the
inside of their child’s hands. Thus, the PT procedure provided similar visual and tactile
stimulation as the AT procedure, but infants remained passive observers of the actions in the
PT procedure (see Libertus & Needham, 2010).

Measures and Procedures at 15 Months of Age

To examine the effects of early motor experiences on later object exploration, 15-month-old
children participated in a five-minute free play task using a wooden tabletop bead maze toy
(38 cm x 18 cm x 18 cm, Figure 1b). Children stood or sat at a toddler-sized table and an
experimenter placed the toy on the table and drew attention to it by rotating it and verbally
encouraging the child to play. The child was then allowed to explore the toy independently
while the parent and experimenter remained silent.

Trained observers scored all children’s visual and manual toy engagement using frame-by-
frame coding software. Visual engagement was scored as directed at the toy, at a person, or
somewhere else (distracted). Manual engagement with the toy was quantified as total
grasping and object rotation durations. Grasping was defined as any toy contact resulting in
lifting at least one corner of the object off the table, lifting internal parts of the toy, or by
having the fingers clearly curled around the object. Object rotations occurred when the child
touched the toy or its parts in such a way that the object turned around its own axis. Thus,
there were a total of five visual and manual engagement variables. Videos of 12 children
(30%) were re-coded by a second observer for reliability and overall agreement was high (r
=.97).

Additionally, parents were asked to complete the Early Childhood Behavior Questionnaire
(ECBQ) to rate their child’s temperament. The ECBQ assesses 18 temperament dimensions
(e.g., Activity Level, Attention Focusing, Sociability, Impulsivity) with internal consistency
for all constructs and good stability over time (Putnam, Gartstein, & Rothbart, 2006). The
ECBQ was given to parents following their visit in a postage-paid return envelope and
completed at home. A total of 32 families returned and completed the ECBQ (12 from the
AT group, 7 from the PT group, and 13 from the UC group). There were no significant
differences between families who returned and who did not return the ECBQ on any
demographic variables (ps > .14).

Finally, to examine the relation between early grasping and later object exploration skills in
those children who completed the longitudinal assessments of the present study, grasping
activity during a 1-minute reaching assessment completed at three months of age was
compared to grasping activity at 15 months of age. During the reaching assessment at three
months, a small rattle toy was placed within reach on a table in front of the child. The child
was then allowed to reach for the toy. If reaching was not successful after 30 seconds, the
toy was moved slightly closer to the child’s hands. Results from the reaching assessment at
three months of age have been reported previously (Libertus & Needham, 2010).
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Extreme observations greater than 3 SDs from the mean were found for two participants in
the AT group (for one participant on the visual attention to people variable, for another on
the object rotation variable). These values were included in our primary analyses but
removed and imputed for confirmatory analyses. In addition, violations of statistical
assumptions were observed for the attention to people and object rotation variables. In our
primary analyses, Welch adjustments were applied to address this issue. In our confirmatory
analyses, the alternate approach of applying power transformations to these variables prior to
analysis was used. Both approaches yield similar findings (see Results).

Primary analyses—To examine differences between the three groups at 15 months of
age, visual and manual engagement were calculated as proportions of total trial durations
and compared using Multivariate Analysis of Variance (MANOVA) followed by separate
univariate ANOVAs. The longitudinal influences of grasping skills at three months of age on
children’s grasping at 15 months were subsequently examined using robust regression
(Rousseeuw et al., 2015). Whenever applicable, partial eta- squared (npf) or 95%
Confidence Intervals (Cr/) are reported as measures of effect size. Only participants who
returned for the 15 months assessment were included in these analyses (n47= 14, npr= 11,
nyc=15; Table 1).

Intent-to-treat analyses—To address concerns of non-random participant attrition,
confirmatory analyses were performed on the full sample of participants including those
who did not return for the 15-month-assessment (147 = 18, npr= 18, nyc = 15; Table 1).
Missing data were replaced using Multiple Imputation and analyses were pooled over 10
iterations. These results are denoted as gpp/esand follow the primary analyses.
Discrepancies between primary and confirmatory analyses are highlighted in bold and
addressed in the Discussion section.

A Group (3) by Gender (2) MANOVA on children’s visual and manual engagement at 15
months revealed a significant effect of Group, A10, 62) = 3.52, p=.001, T]p2= .36, Opooled
=.001. There were no effects of Gender and no Group by Gender interaction (ps > .430).
Consequently, data were collapsed across gender for all subsequent analyses.

Visual Engagement

Separate ANOVAs revealed a significant effect of Group on children’s visual interest in the
object, A2, 37) =6.00, p=.0086, np2: 25, Ppooteg= -020, and their distraction during the
trial, A2, 22.05) = 10.13, p=.001, an: 33, Ppooteq = -010, but not for their attention
towards another person (p = .852). Post-hoc comparisons (Tukey’s HSD) showed
significantly more attention towards the object in the AT group (Mar=74.62, SD = 14.21)
compared to the PT group (Mpy=55.71, SD=15.46; p=.004, 95% C/=[5.51, 32.30];
Ppooted = -016). In contrast, the UC group (Myc = 64.76, SD = 11.49) did not differ from
either the AT (p=.140) or PT groups (p=.183). Children in the AT group spent less time
being distracted (M7= 8.02, SD = 5.65) than children in either the PT (Mpy= 25.07, SD=
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13.79; p<.001, 95% CI=[-22.92, =7.18], Ppooted = -009) or the UC group (Myc= 17.28,
SD=10.03; p=.045, 95% CI=[-18.37, =0.16]; Ppooled = -109). Levels of distraction did
not differ between the PT and UC groups (p = .144). These results are summarized in Figure
2a.

Manual Engagement

Separate ANOVAs revealed a significant effect of Group on children’s grasping of the toy,
H2,37) =8.40, p=.001, an: 31, Ppootea= -021, and the duration of object rotation, A2,
21.94) = 4.65, p=.021, an: .30, Ppooted < -001. Post-hoc comparisons showed more
grasping activity in the AT group (M7= 55.93, SD= 21.88) compared to both the PT (Mps
=32.35; SD = 17.05; p=.012, 95% C/ = [4.59, 42.56]; Ppooled = -387) and UC groups (Myc
=28.17, SD=18.22; p=.001, 95% C/=[10.25, 45.26]; Ppoosea= -021). Further, the AT
group also spent more time rotating the toy (Ma7r=22.67, SD = 15.98) than the PT (Mpr=
8.22, SD=5.79; p=.004, 95% C/ = [5.20, 31.57]; Ppootes < -001) and UC groups (Myc =
9.49, SD=5.59; p=.004, 95% C/ = [4.95, 29.28]; Ppooieq= -016). There were no
differences between the PT or UC groups on either grasping or rotating activity (ps> .840).
These results are summarized in Figure 2b.

Temperament Questionnaire

The three groups were also compared on 18 temperament dimensions using the parent-
reported ECBQ. No significant differences were predicted among the three groups on any of
the temperament dimensions and separate ANOVAs confirmed this hypothesis for 17 out of
18 temperament dimensions (ps > .089). However, significant differences between the
groups were observed on the Attention Focusing dimension, A2, 29) = 8.60, p=.001, n°=.
37, Ppooteq < -001. Post-hoc comparisons revealed higher Attention Focusing ratings in the
AT group (Mar=4.26, SD = 0.88) compared to the PT (Mpr=3.21, SD=0.54; p=.015,
95% CI=[0.19, 1.92]; ppooteq= -006) and UC groups (Myc=3.11, SD=0.68; p=.002,
95% CI=[0.42, 1.88], ppoorea= -001). Attention Focusing ratings did not differ between the
PT and UC groups (p = .962).

Longitudinal Analyses

The relation between grasping at age three months and subsequent grasping at age 15
months was assessed in the AT and PT groups using a 2-step robust regression model
(Rousseeuw et al., 2015) controlling for gender, birth weight, training duration (at age three
months), time since training, and group assignment (AT vs. PT). Specifically, the same
model was used to assess whether three-month-old infants’ grasping before or after training
would predict their grasping at 15 months of age.

Infants’ grasping behavior before training did not explain a significant amount of variation
after controlling for all other factors in the model, RZC/,ange: .04, A1,18) =1.49, p=.238,
Ppootea = -180. In the absence of motor training, grasping activity at three months was not
related to subsequent grasping behavior at 15 months.

In contrast, three-month-olds’ grasping activity after training explained a significant amount
of variation in grasping activity at 15 months above and beyond all other factors in the
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model, RZCha,,ge =.19, A1,18) = 11.06, p=.004, Ppooeq = -002. These results seem to be
driven by the Active Training group (see Figure 3) and suggest that grasping activity in
response to reaching training influences subsequent grasping activity in the same children.

Discussion

The goal of the current study was to examine the long-term effects of early motor
experiences. It was hypothesized that reaching training during infancy would lead to lasting
changes in exploratory behaviors and attention skills. Results suggest that motor training at
three months of age increased object exploration and attention at 15 months of age but only
grasping activity following training was related to children’s subsequent exploration
behaviors.

Influences of Motor Skills Across Domains

A growing number of studies have demonstrated the importance of early motor experiences
for subsequent development across social and cognitive domains. For example, evidence for
motor-social relations has been provided by studies linking social attention and action
understanding skills with infants” own motor activity level or reaching experiences (Libertus
& Needham, 2011, 2014; Sommerville, Woodward, & Needham, 2005). Similarly, motor-
cognitive relations have been demonstrated by showing that early motor abilities influence
cognitive skills such as language (e.g., He et al., 2015; LeBarton & lverson, 2013; Wang et
al., 2014) and even seem to have long-lasting impacts on academic performance (Bornstein,
Hahn, & Suwalsky, 2013).

Expanding upon these previous studies, the current findings suggest that early motor
experiences have a direct impact on infants’ subsequent motor skills. This motor-motor
relation may in turn mediate motor-social and motor-cognitive relations. Further, in
conjunction with previous findings (Tamis-LeMonda & Bornstein, 1993), our results provide
converging evidence (via parent-report and observational measures) for a direct relation
between motor experiences in early infancy and attention skills following the first year.
Improved attention skills may additionally mediate motor-social or motor-cognitive
relations, as focused attention skills have been noted to predict cognitive abilities in early
childhood (Lawson & Ruff, 2004). Future research should examine these relations in more
detail.

Developmental Cascades

How can motor skills affect growth in seemingly unrelated domains such as attention or
social-cognitive development? The concept of developmental cascades offers a likely
explanation for this phenomenon. Developmental cascades refer to the cumulative
consequences of experiences in one domain on behaviors or abilities emerging either later in
development, in other domains, or both (Masten & Cicchetti, 2010). According to this
viewpoint, new motor skills may alter the learning opportunities a child encounters or
perceives. For example, successful reaching enables a child to grasp and examine objects
more closely and to interact with objects in novel ways (e.g., by shaking or throwing them).
Once an object has been grasped it can be shared with others, resulting in opportunities for

Dev Sci. Author manuscript; available in PMC 2017 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Libertus et al.

Page 8

social exchanges and joint attention (Bertenthal & Clifton, 1998; Karasik, Tamis-LeMonda,
& Adolph, 2011). Additionally, parents respond differently to children showing different
levels of motor skills: Mothers are more likely to offer an action directive in response to
moving object-sharing bids compared to stationary object-sharing bids (Karasik, Tamis-
LeMonda, & Adolph, 2014). A child’s changing motor ability does not only facilitate
exploration of the environment, but also alters the stimulation directed towards the child.
Therefore, it is likely that changes in motor abilities bring about experiences initiating a
developmental cascade and resulting in new learning opportunities that foster learning and
development across domains (Bornstein et al., 2006; Fry & Hale, 2000).

Potential Applications of Early Motor Training

Limitations

In addition to shedding light on the cascading effects of motor experiences on subsequent
development, the findings reported here also suggest applications of early motor training in
children at risk for developmental disorders. Motor delays are often observed in children
born preterm and in children who have developmental disorders such as Down syndrome,
Autism Spectrum Disorder (ASD), or Williams syndrome (Bhat, Landa, & Galloway, 2011;
Masataka, 2001; van Haastert, de Vries, Helders, & Jongmans, 2006; Vicari, 2006). Of
particular interest to our current findings, reduced grasping activity has been observed in six-
month-old infants at high-risk for ASD (Libertus, Sheperd, Ross, & Landa, 2014) and delays
in motor skill development seem to increase with age in this population (Landa & Garrett-
Mayer, 2006; Lloyd, MacDonald, & Lord, 2013). The long-term benefits of motor training
reported here suggest that infants at high risk for developing ASD and other disorders may
benefit from motor training (Libertus & Landa, 2014).

Several limitations should be considered when interpreting the current findings. First, some
participants from the original training study did not return for the current study, resulting in
a relatively small sample size and introducing the possibility of non-random attrition. To
address these issues, missing observations were imputed and a confirmatory intent-to-treat
(ITT) analysis was conducted. Overall, the findings from the ITT analysis confirm our main
findings with two exceptions: Levels of distraction did not differ between AT and UC groups
and — more critically — grasping activity did not differ between AT and PT groups. This
discrepancy may be due to the PT group also increasing their grasping somewhat in response
to the training experience (Williams, Corbetta, & Guan, 2015). In fact, mere participation in
any type of motor training regimen has the potential to alter parents’ subsequent engagement
with their children. During AT or PT training sessions, parents have the opportunity to learn
about their child’s abilities and may consequently adapt how they interact with the child.
Such changes in parent-child interaction outlast the actual training period and likely support
the long-term effects observed in the current study (Needham, Wiesen, & Libertus, 2015).

Second, the current study is not — and should not be seen as — a randomized controlled trial
as the untrained comparison group was recruited as a separate group using different
recruitment materials and study requirements. In particular, families in the AT and PT
groups were required to complete two weeks of daily training and four home-visits over the
course of the original training study at 3 months, whereas families in the UC group had to
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complete only one short visit to our lab at 15 months. This difference may have attracted
different types of families into the treatment groups. Nevertheless, we observed no
differences between the groups on demographic measures and no differences between the
PT and UC groups on the experimental measures.

Finally, the majority of children who participated in the current study came from highly
educated families (see Table 1). Consequently, the current sample may not be representative
of the population at-large. Future research should compare the effects of motor training on
both low- and high-income families as socioeconomic status has been found to affect manual
exploration behaviors during the first year (Clearfield, Bailey, Jenne, Stanger, & Tacke,
2014).

Conclusions

Motor skills play a vital role in early development and shape the learning opportunities
encountered by the child. The results reported here show that manipulations of emerging
reaching skills in three-month-old infants facilitate object exploration and attention skills at
15 months of age. These findings support the notion of developmental cascades and suggest
that motor training may also foster the development of social and cognitive skills.
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Research Highlights

Three-month-old infants received two-weeks of parent-guided motor
training

Follow-up assessments at 15 months of age reveal that early motor
training has lasting effects on exploration and attention skills

These results provide experimental evidence for the notion of
developmental cascades

By manipulating early motor skills, the current findings demonstrate
how motor skills influence subsequent development and learning
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b)

Active Training

Passive Training

Figure 1.
Training procedures and objects used at three months of age (a) and bead-maze toy used

during exploration assessment at 15 months of age (b).
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a) Visual engagement
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b) Manual engagement
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Visual and manual toy engagement at 15 months of age. Children in the active training
group showed more visual interest in the toy and less distraction during play (a), and longer
grasping and object rotation bouts (b) than children in the other two groups. * p < .05 for
comparisons of groups connected by square brackets. Error bars are SEMs.
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a) Before training
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Figure 3.
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b) After training
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A Active Training
® Passive Training

25
Proportion of duration at three months

Relation between grasping behavior at three and at 15 months of age before participating in
reaching training (a) and after two weeks of reaching training (b).
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