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In order to understand typical and atypical developmental trajectories it is important to
assess how strengths or weaknesses in one domain may be affecting performance in other
domains. This study examined longitudinal relations between early fine motor
functioning, visuospatial cognition, exploration, and language development in preschool
children with ASD and children with other developmental delays/disorders. The ASD
group included 63 children at T1 (Mage =27.10 months, SD =8.71) and 46 children at T2
(Mage =45.85 months, SD=7.16). The DD group consisted of 269 children at T1
(Mage =17.99 months, SD=5.59), and 121 children at T2 (Mage=43.51 months,
SD =3.81). A subgroup nested within the total sample was randomly selected and studied
in-depth on exploratory behavior. This group consisted of 50 children, 21 children with
ASD (Mage =27.57, SD =7.09) and 29 children with DD (Mage = 24.03 months, SD =6.42).
Fine motor functioning predicted language in both groups. Fine motor functioning was
related to visuospatial cognition in both groups and related to object exploration, spatial
exploration, and social orientation during exploration only in the ASD group. Visuospatial
cognition and all exploration measures were related to both receptive and expressive
language in both groups. The findings are in line with the embodied cognition theory,
which suggests that cognition emerges from and is grounded in the bodily interactions of
an agent with the environment. This study emphasizes the need for researchers and
clinicians to consider cognition as emergent from multiple interacting systems.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Autism spectrum disorder (ASD) is a pervasive neurodevelopmental disorder characterized by impairments in social
interaction and communication, co-occurring with restricted patterns of interest and repetitive behaviors (American
Psychiatric Association, 2000). Current ASD theories, such as the Theory of Mind (ToM) theory (Baron-Cohen, Leslie, & Frith,
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1985) and the Executive Dysfunction hypothesis (Ozonoff, Pennington, & Rogers, 1991) have increased the understanding of
ASD significantly, but are less able to account for complex interactions across developmental domains. In studying ASD,
other developmental disorders and typical development, it is important not to be restricted to phenotypic outcomes to draw
conclusions about impaired modules in the initial state, but rather to take a developmental approach and examine the course
of the disorder over time, including the role of developmental cascades across domains (Lopez, 2013; Masten & Cicchetti,
2010; Paterson, Brown, Gsddl, Johnson, & Karmiloff-Smith, 1999; Smith, 2013).

The theory of embodied cognition proposes that cognition emerges in the interaction between an agent and its
environment and as a result of sensorimotor activity (Smith & Gasser, 2005; Thelen, 2000b). According to this account motor
abilities and exploration create opportunities for learning (Gibson, 1988; Gibson & Pick, 2000; Thelen, 2000a). Thereby this
theory emphasizes the active role children play in their own development (Smith, 2005a; Smith & Gasser, 2005). The
emergence of language, an important developmental milestone, is a multifaceted embodied process that is significantly
influenced by the interaction of the child with its environment (Hockema & Smith, 2009; Iverson, 2010; Wellsby & Pexman,
2014). While there is considerable heterogeneity in the pattern of language skills found in children with ASD (Kjelgaard &
Tager-Flusberg, 2001), several studies indicate the presence of language delays and impairments in ASD (Eigsti, Marchena,
Schuh, & Kelley, 2011; Howlin, 2003). According to an embodied cognition framework it is important to consider the role of
sensorimotor processes in the language development of children with ASD.

Various researchers have noted delays and deficits in fine and gross motor skills in young children with ASD or at risk for
ASD across all ages and levels of functioning (Bhat, Landa, & Cole, 2011; Fournier, Hass, Naik, Lodha, & Cauraugh, 2010;
Gernsbacher, Sauer, Geye, Schweigert, & Goldsmith, 2008; Landa & Garret-Mayer, 2006; LeBarton & Iverson, 2013; Lloyd,
MacDonald, & Lord, 2013; Provost, Lopez, & Heimerl, 2007). Theoretical considerations and empirical studies indicate that
motor skills play an important role in the development of language (Fischer & Zwaan, 2008; Hill, 2001; Iverson, 2010; Iverson
& Thelen, 1999; Thelen, 2000a). Neurological studies also suggest that language is grounded in sensorimotor processes
(Glenberg & Kaschak, 2002; Pulvermiiller, 2005; Pulvermiiller & Fadiga, 2010).

With the exception of some studies (Gernsbacher et al., 2008; LeBarton & Iverson, 2013; Stone & Yoder, 2001),
longitudinal studies that directly examine the developmental relationship between motor functioning and language
development in ASD are lacking. Moreover, the mechanisms underlying the relationship between motor functioning and
language development in ASD have not been examined so far and are unknown. Several authors have stressed the need for
research that clarifies the relationship between motor impairments and delays and deficits in language development seen in
ASD (LeBarton & Iverson, 2013; Provost et al., 2007).

Interaction with both the physical and the social world is important for the acquisition of language (Hockema & Smith,
2009; Iverson, 2010). There has to be an awareness of the world before it can be put into words. In other words, a conceptual
basis is required to learn language in a meaningful way (Antonucci & Alt, 2011; McDonough, Choi, & Mandler, 2003; Gibson,
1979). A child becomes aware of the world through exploration, the process in which a child actively obtains information
about the environment and learns about the action possibilities (i.e. the affordances) that the environment offers (Gibson,
1979, 1988; Smith & Gasser, 2005). Active exploration is positively related to attention (Perone, Madole, Ross-Sheehy, Carey,
& Oakes, 2008), recognition (Harman, Humphrey, & Goodale, 1999; Pereira, James, Jones, & Smith, 2008), perception
(Needham, 2000), memory (Liu, Ward, & Markall, 2007; Meijer & Van der Lubbe, 2011), and categorization (Sasaoka, Asakura,
& Kawahara, 2010) of objects. Several studies have demonstrated that sensorimotor experience and the resulting improved
object and affordance perception are positively related to the development of language (Antonucci & Alt, 2011; Jones &
Smith, 2005; Lee, 1993; Lifter & Bloom, 1989; Ruff, McCarton, Kurzberg, & Vaughan, 1984; Scofield, Hernandez-Reif, & Keith,
2009; Smith & Gasser, 2005; Smith, 2003, 2005b, 2013). These effects are found for nouns, verbs and adjectives (Wellsby &
Pexman, 2014). Smith (2003) demonstrated for instance that the ability to recognize objects from sparse geometric models
of 3-dimensional object shape is linked to children’s object name vocabulary size. These findings have been replicated
several times (Jones & Smith, 2005; Pereira & Smith, 2009; Son, Smith, & Goldstone, 2008). Object exploration also provides
the opportunity to extract information that is important for the acquisition of categorical knowledge (Smith, 2005a,b; Smith
& Gasser, 2005). In the early lexicon, similarity in shape is for instance important for the formation of categories (Samuelson
& Smith, 1999). Learning about categories is important for language development (Ruff et al., 1984). Another study also
shows that manual experience with an object facilitates the ability to name the object (Yee, Chrysikou, Hoffman, &
Thompson-Schill, 2013). Exploration may also contribute to language development by facilitating social interaction and by
eliciting language promoting behaviors of parents (Clearfield, Osborne, & Mullen, 2008). As children begin to explore objects,
parents increasingly promote and partake in interactions with their child (Bornstein & Tamis-LeMonda, 1990). Choi (2000)
found that nouns en verbs are often mentioned at moments when children are manipulating toys.

Young typically developing children spent a large amount of time engaged in a variety of exploratory behaviors, tailoring
their actions to an object’s properties and properties of the environment (Bourgeois, Khawar, Neal, & Lockman, 2005; Rochat,
1989; Ruff, 1984). Children with ASD are deviant in their exploration. They display more rotating, spinning, and unusual
visual exploration, and stereotyped, repetitive and restricted uses of objects (Baranek, 1999; Bruckner & Yoder, 2007;
Ozonoff et al., 2008; Wetherby et al., 2004; Williams, Costall, & Reddy, 1999), and spent less time in exploration (Koterba,
Leezenbaum, & Iverson, 2012; Pierce & Courchesne, 2001) than children with developmental delays and typically developing
children. Children with ASD also often explore within a single modality, such as visually fixating on an object (Zwaigenbaum
et al., 2005), which limits the multimodal input. As described above, studies suggest that exploration is related to language
development. Thus, reduced and less effective exploration may limit subsequent language development. Reduced
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exploration at 7 and 9 months is indeed related to poor language outcomes at 2 year in preterm infants (Ruff et al., 1984).
Thus far, it is not known whether the exploration of children with ASD is predictive of their language development.

Studies suggest that language development may also be related to visuospatial skills. Preverbal infants already develop
spatial knowledge such as understanding containment and support that they use to comprehend the language they hear
(McDonough et al., 2003). Understanding prepositions (Karmiloff & Karmiloff-Smith, 2001), demonstratives (Kiintay &
Ozyiirek, 2006), verbs (Richardson, Spivey, Barsalou, & McRae, 2003), and narratives (Humphries, Cardy, Worling, & Peets,
2004) requires visuospatial understanding. In accordance with these results, studies demonstrate that children with specific
language impairment perform at a lower level than typically developing children on visuospatial tasks (Bavin, Wilson,
Maruff, & Sleeman, 2005; Hick, Botting, & Conti-Ramsden, 2005; Kambhi, Catts, Mauer, Apel, & Gentry, 1988; Marton, 2008).

Results regarding visuospatial abilities in ASD are inconsistent. Some studies report superior visuospatial functioning in
ASD (Mitchell & Ropar, 2004; O’'Riordan, Plaisted, Driver, & Baron-Cohen, 2001), other demonstrate intact visuospatial
cognition (Edgin & Pennington, 2005), but deficits in visuospatial abilities are also found, such as fragmented visuospatial
processing compared to children with developmental delays and typically developing children (Kuschner, Bennetto, & Yost,
2007; Schlooz et al., 2006; Vlamings, Jonkman, van Daalen, van der Gaag, & Kemner, 2010). One study suggests that people
with autism exhibit both enhanced and diminished visual processing on the same task, depending on the complexity of the
stimuli (Bertone, Mottron, Jelenic, & Faubert, 2005). The question is whether early visuospatial abilities of children with ASD
are predictive of their later language development.

Both exploration and visuospatial cognition may be partially dependent upon motor skills. Several authors suggest that
motor skills constrain and guide the development of other skills (Gibson, 1988; Thelen, 2000a,b). Motor skills facilitate
exploration (Campos et al., 2000; Clearfield, 2011; Gibson, 1988; Soska, Adolph, & Johnson, 2010) and the development of
visuospatial skills (Campos et al., 2000; Clearfield, 2004; Jansen-Osmann, Wiedenbauer, & Heil, 2008). Fine motor skills, such
as unilateral reaching and independent use of the hand and arms in relation to one another, are also important for
exploration (Gibson, 1988; Iverson, 2010) and visuospatial cognition (Soska et al., 2010). Between the ages of eight months
and two years, children for instance develop in their exploratory behaviors from ‘separations’, a relatively simple motor task,
to ‘constructions’ (e.g. stringing beads), which requires more sophisticated motor skills (Lifter & Bloom, 1989). Fine motor
skills also facilitate the development of visuospatial cognition. The ability to perform three dimensional object completion, in
other words, the ability to perceive an object as a complete volume in visual space despite only seeing it from a limited
viewpoint, is dependent upon sophisticated manual motor skills, such as rotating objects or transferring objects to perceive
their unseen backs (Soska et al., 2010). Another example is the ability to seriate, insert or stack a set of nesting cups or boxes.
Through these experiences the child may discover the meaning of containment of support. Thus, the acquisition of motor
skills facilitates exploratory behaviors and visuospatial skills (Soska et al., 2010).

To summarize, studies suggest that language development may be facilitated by exploration and visuospatial cognition.
Both exploration and visuospatial cognition seem to be (partly) dependent on motor skills. It is known that children with ASD
differ in their motor development, exploration and visuospatial cognition in comparison to typically developing children and
children with developmental delays without ASD. However, thus far no study has examined whether early difficulties in
motor functioning of children with ASD may predict their language development and whether this relationship is mediated
by exploration and visuospatial cognition. Moreover, information is needed as to what extent the proposed longitudinal
relationships are specific to ASD.

1.1. The present study

The aims of the present longitudinal study were to examine whether (1) early fine motor functioning is predictive of later
receptive and expressive language development in children with ASD and children with other developmental delays/
disorders (DD), (2) exploration and visuospatial cognition are mediators of the relationship between fine motor functioning
and language in children with ASD and children with DD and (3) the proposed relationships are different for children with
ASD and children with DD i.e. whether the relationships are moderated by diagnostic status.

2. Methods
2.1. Procedure

As part of a large study (ScreeningsOnderzoek Sociale Ontwikkeling, SOSO) into the early signs of ASD conducted by the
University Medical Center Utrecht (UMCU), The Netherlands, 31.724 children aged 14-15 months from the general
population in the province of Utrecht, were screened at well-baby clinics with the Early Screening of Autistic Traits (ESAT;
Dietz, Swinkels, Van Daalen, Van Engeland, & Buitelaar, 2006; Swinkels et al., 2006) using a two-level screening procedure.
Children were pre-screened at age 14-15 months using the 4-item ESAT. Children that pre-screened positive (failing one or
more of the four items) were evaluated during a home visit using the 14-item screening instrument ESAT. Children who
failed at least 3 items of the 14-item ESAT were considered screen positive and were further assessed by means of diagnostic
and cognitive measures at two measurements points. Screening and testing procedures were approved by the Medical Ethics
Review Board of the UMCU.
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2.2. Participants

All participants were recruited from the screening study for ASD in Utrecht. From the children that screened positive on
the ESAT two groups of children were randomly selected for the present study: children diagnosed with ASD and children
with other developmental delays/disorders (DD) of mixed etiology. Of this latter group none had a current or previous
clinical or DSM-IV diagnosis of ASD and none met the criteria for ASD on the Autism Diagnostic Interview-Revised (Lord,
Rutter, & Le Couteur, 1994) or Autism Diagnostic Observation Schedule-Generic (Lord et al., 1989, 2000). The DD group was
heterogeneous, including children with global developmental delays of unknown etiology, children with a language
disorder, and children with attention-deficit/hyperactivity disorder. The ASD group included 63 children, 49 boys and
14 girls, at T1 (Mage = 27.10 months, SD = 8.71) and 46 children, 38 boys and 8 girls, at T2 (Mage = 45.85 months, SD = 7.16).
The DD group consisted of 269 children, 196 boys and 73 girls, at T1 (Mage = 17.99 months, SD =5.59), and 121 children,
95 boys and 26 girls, at T2 (Mage =43.51 months, SD=3.81). A subgroup nested within the total sample was randomly
selected and studied in-depth on exploratory behavior. This group consisted of 50 children, 21 with ASD (Mage =27.57,
SD=7.09), 16 boys and 5 girls, and 29 with DD (Mage = 24.03 months, SD = 6.42), 21 boys and 8 girls. Matching groups on
mental age were not possible, since both non-verbal (motor functioning and visuospatial cognition) and verbal 1Q
(expressive and receptive language) are the variables studied in the current study. Results of attrition analysis are reported in
the data analysis section.

2.3. Measures

Diagnostic assessments for ASD. The diagnostic assessments consisted of a standardized parental interview with the
Autism Diagnostic Interview-Revised (ADI-R; Lord et al., 1994), a standardized behavior observation using the Autism
Diagnostic Observation Schedule-Generic (ADOS-G; Lord et al., 2000), the Mullen Scales of Early Learning (MSEL; Mullen,
1995) and pediatric and medical examination.

Fine motor and cognitive measures. The Mullen Scales of Early Learning (MSEL; Mullen, 1995) were used to assess fine
motor functioning, visuospatial cognition, receptive language and expressive language. This measure was administered by
trained psychologists. The gross motor scale of the MSEL was not administered in the present study. The MSEL is a
standardized individually administered measure of cognitive functioning for preschool children up to 68 months (Mullen,
1995). Since the use of age equivalent scores in the MSEL has been recommended for young children with ASD (Akshoomoff,
2006), these scores were used in this study. The MSEL are suitable for assessing children with ASD (Akshoomoff, 2006).

Exploration. To assess exploration an observation coding scheme was developed for this study based on the literature. The
‘breadth’ scale is based on the idea that it is important take into account the variability in children’s exploration patterns
(Pierce & Courchesne, 2001), including the fact that different objects have different affordances (Bourgeois et al., 2005;
Gibson, 1979). The ‘depth’ scale focuses more on the importance of integrating multimodal information and attentiveness
(Rochat, 1989). Since studies indicate that making combinations with objects is an important developmental step (Lifter &
Bloom, 1989) a ‘combinatorial’ scale was included. It is well-known that children with ASD may exhibit atypical exploratory
behavior (e.g. Ozonoff et al., 2008), therefore an ‘atypical’ scale is also part of the coding scheme. Finally, a ‘social orientation’
scale was included to take into account a social component within the exploration process. The final coding scheme
consisted of nine scales. The Breadth of Fine motor Object Exploration scale focuses on whether the child was interested in a
variety of objects and whether the affordances of the small objects (e.g., a pushing button) elicit the ‘appropriate’ reaction of
the child (e.g., pushing the button). The Depth of Fine motor Object Exploration scale refers to whether the child displayed
focused-attentive exploration of small objects, while integrating sensory (e.g. visual, auditory) information. The
Combinatorial Fine motor Object Exploration scale describes whether the child assembled small objects (e.g. piling or
inserting). The Atypical Fine motor Exploration scale measures whether the child explored or manipulated small objects in an
unusual manner, that is in a narrow or one-sided, repetitive way, within basically one sensory modality, without apparent
joy and/or focused attention, and/or by reacting inappropriately (or not at all) to the affordances of objects. An example is
repetitively rotating toys. The Breadth of Gross Motor Spatial Exploration scale assesses whether the child was attracted by the
various affordances of the room/space and the bigger objects in the room (e.g., looking in the mirror) in a goal-directed way.
The Depth of Gross Motor Spatial Exploration scale refers to whether the child showed focused-attentive exploration of the
room/space and/or the bigger objects in the room, while integrating sensory information. The Combinatorial Gross Motor
Spatial Exploration scale describes whether the child assembled or combined big objects in the room or attempts to reorder
the spatial lay-out (e.g., putting a chair in front of the closet to retrieve something). The Atypical Gross Motor Exploration Scale
refers to whether the child explored the room/space and/or big objects in an unusual way, that is, in a narrow or one-sided,
repetitive way, within basically one sensory modality, without apparent joy and/or focused attention, and/or by reacting
inappropriately (or not at all) to the affordances of the room/space and/or big objects. An example is looking at oneself in the
mirror from an unusual angle. Finally, the Social Orientation Exploration scale assesses whether the child shared interests and
experiences with other persons.

A seven-point Likert scale ranging from ‘not present’ to ‘extremely present’ was used for scoring. Three exploration scores
were derived from the coding scheme: object exploration (four items: breadth, depth, combinatorial, and atypical), spatial
exploration (four items: breadth, depth, combinatorial, and atypical) and social orientation during exploration (one item).
These scores were computed by calculating the sum of the unweighted items. The two ‘atypical exploration’ scales were
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reversely coded with a high score on these scales representing a low score on exploration. To investigate the factor structure
of the 9-item observation coding scheme, a confirmatory factor analysis was conducted with AMOS 18.0 which resulted in a
good fit with x?=30.19, df=24, p=.18, RMSEA=.08, TLI=.95, CFI=.97 (Browne & Cudeck, 1993; Kline, 1998). All
standardized path coefficients were significant at the .05 level (except one which had a p-value of .08) and ranged between
.25 and .99. Internal consistency as measured with Cronbach’s o was .85 for the subscale of object exploration, and .72 for the
subscale of spatial exploration. The exploration observation scheme was applied to videotaped observations of the ADOS-G
(Lord et al., 2000). All assessments were standardized and completed in the same laboratory with the same toys and objects
available. The child’s primary caregiver sat in a chair in the room during the assessment. Exploration was coded in a blind
procedure by two trained observers unaware of the diagnoses of the children. Since the categories of the scale are ordinal and
partial agreement had to be taken into account, a weighted kappa (linear weights) was used resulting in a kappa of .65, 95% CI
[.60, .70]. This is generally considered to be good agreement (Altman, 1991). Discrepancies between raters were discussed
and resolved at a consensus meeting.

2.4. Data analysis

The mediation (Preacher & Hayes, 2004) and moderated mediation approach (Preacher, Rucker, & Hayes, 2007) were used
to test the different hypotheses in the present study. More specifically, to examine whether early fine motor functioning is
predictive of receptive and expressive language development, and whether exploration and visuospatial cognition are
mediators of the relationship between fine motor functioning and language, a SPSS macro developed by Preacher and Hayes
(2008) was used. This approach was used because it incorporates a bootstrap procedure, which is considered to be a very
powerful test of indirect (mediation) effects. Bootstrapping is a resampling procedure. In bootstrapping, the sample is
conceptualized as a pseudo-population that represents the broader population from which the sample was derived, and the
sampling distribution of any statistic can be generated by calculating the statistic of interest in multiple resamples of the
data set (Preacher & Hayes, 2004). This approach is considered superior to other methods; it produces a test that can be
applied to small samples with more confidence and it circumvents the power problem caused by asymmetries and other
forms of nonnormality in the sampling distribution of the indirect effect (Preacher & Hayes, 2004). In the current study,
5000 bootstrap resamples were used to generate bias corrected and accelerated 95% confidence intervals.

In addition to the mediation effect, it is possible that the strength of the hypothesized relationships including the
mediation effect is conditional on the value of the moderator, i.e. whether the relationships are different for children with
ASD compared to children with DD, in other words, whether these relationships are moderated by diagnostic status. To
answer this research question, again an SPSS macro designed by Preacher et al. (2007) was used. This macro provides a
method for examining the influence of the moderator variables on the relationships. Chronological age was included as a
covariate in the analyses.

Attrition analysis with Chi-square tests and ANOVAs revealed that children who did not participate in the second
measurement wave were more often in the DD group than in the ASD group (p < .05), were more often male (p < .05) and had
higher scores on all motor and cognitive measures at T1 (p < .05).

3. Results
3.1. Group differences

Descriptive information per group can be found in Table 1. In addition to the raw means, adjusted means controlled for
age are reported since age differences between groups were found to be significant at both time points, with F
(1,330)=106.82,p < .001,at T1 and F(1,165) = 7.42, p < .01, at T2. For the exploration measures only raw means are reported
since age differences were not significant between the ASD and DD children in that subgroup (p=.07). ANCOVAs were
conducted to evaluate group differences between the ASD group and the DD group. Group differences were found on all
variables of interest (p < .05). Effect sizes were interpreted according to Cohen (1988). As can be seen in Table 1, the ASD
group scored lower than the DD group on fine motor functioning and visuospatial cognition at T1, which are both medium
effects. For receptive and expressive language at T2, the ASD group also scored lower than the DD group, with a small effect
for receptive language and a medium effect for expressive language. With regard to exploration, the ASD group scored lower
than the DD group on all measures, with a medium effect for object and spatial exploration and a large effect for social
orientation during exploration.

3.2. Interrelationships among study variables

The results of the analyses are presented in Table 2. The first column is the effect of the independent variable fine motor
functioning on the mediator, which is visuospatial cognition or one of the exploration measures. The effect of the mediator
on the dependent variable (receptive or expressive language) is displayed in the second column. The third column is the
direct effect of the independent variable on the dependent variable, controlling for the effect of the mediator. The indirect
effect of the independent variable on the dependent variable through the mediator can be found in the fourth column. The
fifth column is the total effect of the independent variable on the dependent variable. Finally, the last column (Adj.R?)
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Table 1
Descriptive statistics for the ASD group and the DD group at T1 and T2.
ASD? DD Partial n?
Raw M Adjusted M Raw M Adjusted M
Fine motor functioning T1 20.21 (6.05) 15.85 (0.52) 18.56 (5.02) 19.59 (0.23) " 11
Fine motor functioning T2 40.87 (9.24) 39.66 (1.12) 41.74 (7.83) 42.21 (0.68) -
Visuospatial cognition T1 20.32 (7.20) 15.53 (0.59) 17.73 (5.49) 18.85 (0.26) .07
Visuospatial cognition T2 46.16 (9.60) 45.00 (1.24) 44.77 (8.66) 45.21 (0.76) -
Receptive language T1 16.04 (8.45) 11.28 (0.64) 15.36 (5.38) 16.48 (0.29) " 13
Receptive language T2 37.33 (6.56) 36.78 (0.96) 38.81 (6.58) 39.02 (0.58) .02
Expressive language T1 17.02 (8.61) 12.79 (0.63) 15.55 (4.80) 16.54 (0.28) .08
Expressive language T2 36.49 (6.89) 35.99 (1.19) 41.74 (8.43) 41.93 (0.73) .10
Object exploration® 15.76 (3.18) - 17.79 (2.78) - 11
Spatial exploration® 12.57 (1.66) - 14.03 (2.56) - .10
Social orientation during exploration® 3.62 (0.67) - 4.28 (0.70)" - .19

Note: Scores are raw means (standard deviations) and adjusted means (standard errors) controlled for age. T1 and T2 refer to the first and second
measurement point respectively.

2 T1, n=63, T2, n=46 (ASD).

> T1,n=269, T2, n=121 (DD).

€ Measure was calculated for a subgroup of children: ASD: n=21, DD: n=29, scores were not controlled for age since age differences between the groups
were not significant for this subgroup.

* p <.05 (group differences).

* p<.01 (group differences).
*** p <.001 (group differences).

displays the variance in the dependent variable that is explained by the mediator and the independent variable. It should be
noted that Table 2 shows unstandardized coefficients. Fig. 1 provides a visual overview of the results.

Positive relations between fine motor functioning at T1 and receptive and expressive language at T2 were found in the
ASD group and the DD group, controlling for age, meaning that higher scores on early fine motor functioning predict higher
scores on later receptive and expressive language (total effects in Table 2). Regarding the moderation of these relationships,
the interaction term between group and fine motor functioning on receptive language was not significant. This means that
the relation between fine motor functioning and receptive language was not different in the ASD compared to the DD group.
For expressive language however, the interaction term between fine motor functioning and group was significant (B = —0.50,
t=-2.22, p=0.03) with a stronger relationship in the ASD group (B=1.18, t=5.52, p <.001) compared to the DD group
(B=0.67,t=4.67, p <.001). The interaction term is negative because the ASD group was coded as 1 and the DD group as 2.

Visuospatial cognition. Fine motor functioning is related to visuospatial cognition and visuospatial cognition is related to
both language measures in both groups. Furthermore, indirect effects of fine motor functioning on both receptive and
expressive language through visuospatial cognition were found in both groups. The strength of the relationship between fine
motor functioning and visuospatial cognition, and the strength of the relationships between visuospatial cognition and
language were not moderated by group.

Exploration. For object exploration, results indicate that fine motor functioning is related to object exploration only in the
ASD group and that object exploration is related to both language measures in both groups. For the ASD group an indirect
effect was found of fine motor functioning on both receptive and expressive language through object exploration. Although
this mediation effect of object exploration was not found in the DD group, there was an effect of object exploration on both
language measures in this group. These relationships were not moderated by group.

For spatial exploration, an effect of fine motor functioning on spatial exploration was found only in the ASD group. A
relationship between spatial exploration and expressive language was found in both groups. This relationship was not
moderated by group. In the ASD group an indirect effect of fine motor functioning on expressive language through spatial
exploration was found. No relationship was found between spatial exploration and receptive language in both groups.

Regarding the social orientation during exploration, an effect of fine motor functioning on social orientation during
exploration was also found only in the ASD group. The relationships between social orientation during exploration and both
language measures were present in both groups. Only in the ASD group an indirect effect of fine motor functioning on both
language measures through social orientation during exploration was found. The relationship between social orientation
during exploration and expressive and receptive language was not moderated by group.

4. Discussion

This longitudinal study demonstrates that early fine motor functioning is a predictor of later receptive and expressive
language development of children with ASD and children with other developmental delays/disorders. Furthermore, through
mediator-moderator analyses this study provides the first evidence that exploration and visuospatial cognition are
mediators of the relationships between fine motor functioning and language, and that some of these relationships are
moderated by diagnostic status with stronger relationships between variables in the ASD group compared to the DD group.



Table 2
Analysis of the relationship between fine motor functioning T1 and language T2 per group.
DV Receptive language Expressive language
Groups Effect of Effect of Direct effect Indirect effect Total effect Adj. R? Effect of Effect of Direct effect Indirect effect Total effect Adj. R?
IVon M M on DV IV on DV IV on DV [CI] IV on DV IVon M M on DV IV on DV IV on DV [CI] IV on DV
Visuospatial cognition (M)
ASD 0.84"" 073" 0.23 0.59 [0.26, 1.09] 084" 0.46 084" 061" 0.46 0.51 [0.16, 1.14] 097" 0.58
DD 0.72" 047" 0.38 0.34 [0.07, 0.59] 0.72" 0.32 0.72"" 0.76 " 0.33 0.56 [0.19, 0.91] 088" 0.30
Object exploration (M)
ASD 038 1.16 0.40 0.41 [0.07, 1.23] 0.85" 0.44 038 0.67 0.84" 0.22 [0.02, 0.66] 1107 0.74
DD 0.14 0.89° 0.81" 0.11 [-0.28, 0.64] 094" 0.38 0.14 1.47" 0.92 0.19 [-0.45, 0.97] 113" 0.41
Spatial exploration (M)
ASD 022" 2.59 0.27 0.47 [-0.002, 1.43] 0.85" 0.37 022" 1.84 0.69° 0.39 [0.03, 0.91] 1107 0.75
DD 0.16 0.80 081" 0.11 [-0.01, 0.58] 094" 0.31 0.16 1.43 0.89° 0.20 [-0.02, 1.00] 113" 0.34
Social orientation exploration (M)
ASD 012" 7.38" —0.02 0.80 [0.30, 3.16] 0.85" 0.51 012" 492" 0.52 0.57 [0.28, 1.43] 110" 0.80
DD 0.01 3.02 092" 0.04 [-0.25, 0.40] 094" 0.33 0.01 5.88" 1.09” 0.09 [-0.41, 0.62] 113" 0.40

Note: Results are based on 5000 bootstrap samples. Bias corrected 95% confidence intervals reported between straight brackets. Indirect effects that are statistically significant are printed in bold. The coefficients are
unstandardized values. IV, independent variable (fine motor functioning); M, mediator (visuospatial cognition/exploration measures); DV, dependent variable (receptive or expressive language); CI, confidence
interval. Visuospatial cognition analyses: ASD, n=46, DD, n=121. Exploration analyses: ASD, n =20, DD, n=29.

* p<.05.

* p<.01.

% p <.001.
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Fig. 1. Diagram of the relationship between fine motor functioning T1 and language T2 per group. Note: ASD group is indicated by mep-, DD group is
indicated by = = p. Some relationships were only found in the ASD group. The thicker arrow represents a stronger effect for that specific group.

Thereby, this study responds to the suggestions of other researchers to clarify the relationship of motor impairments with
social and communication difficulties in ASD (Provost et al., 2007).

The current findings are in line with the embodied cognition theory, which suggests that cognition emerges from the
bodily interactions of an agent with the environment (Smith & Gasser, 2005). Fine motor functioning may be indirectly
related to language development because fine motor abilities facilitate the interaction with both the physical and social
environment and improves visuospatial cognition which in turn stimulates language development. It should however be
noted that fine motor functioning may also be directly related to language development, for instance because oral-motor
skills are required for expressive language development (Gernsbacher et al., 2008).

In the current study, the fine motor skills of children with ASD were positively related to object and spatial exploration.
This is consistent with the idea that motor skills constrain and guide exploratory behavior (Gibson, 1988; Gibson & Pick,
2000). Fine motor skills are necessary to act upon the environment, such as manipulating objects. The finding that fine motor
skills are positively related to social orientation during exploration is also in accordance with other studies. Manual-motor
skills are related to measures of social communication, such as nonverbal requesting, initiating joint attention, and
responding to joint attention (Mundy, Kasari, Sigman, & Ruskin, 1995). It should be taken into account however that motor
skills may not be the only possible predictors of exploratory behavior in ASD. A fragmented and detailed style of visual
processing is often demonstrated in ASD (Brosnan, Scott, Fox, & Pye, 2004; Jolliffe & Baron-Cohen, 1997; Mottron, Burack,
Iarocci, Belleville, & Enns, 2003; Mottron, Dawson, Souliéres, Hubert, & Burack, 2006; Pellicano, Gibson, Mayberry, Durkin, &
Badcock, 2005; Schlooz et al., 2006) and this could well contribute to different exploratory behavior, such as atypical visual
exploratory behavior (Mottron et al., 2007).

The finding that exploration is related to language development is consistent with other studies that demonstrated that
sensorimotor experience is related to language and communication skills in preschool children with ASD (Poon, Watson,
Baranek, & Poe, 2012; Toth, Munson, Meltzoff, & Dawson, 2006) and typically developing children (Antonucci & Alt, 2011;
Iverson, 2010; Lifter & Bloom, 1989; Smith, 2013; Smith & Gasser, 2005; Wellsby & Pexman, 2014). The relationship between
object/spatial exploration and language outcomes that was found in the current study can be explained by the fact that
exploration facilitates an awareness of the physical environment, such as object perception, that is important for language.
The finding that the social orientation during exploration is related to language development is in accordance with other
studies. Joint attention is a predictor of the language development of children with ASD (Mundy, Sullivan, & Mastergeorge,
2009). The social orientation during exploration measure in the current study may be considered as a measure of the amount
of joint attention initiated by the child during exploration. However, this relationship might also be indirect via social
interaction. Exploration elicits social interaction behaviors of parents (Bornstein & Tamis-LeMonda, 1990; Clearfield et al.,
2008) and social interaction stimulates language development.

In addition to the exploration measures, visuospatial cognition was also a mediator between fine motor functioning and
language outcomes in both groups. Children with better fine motor skills might be more able to perform actions related to
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visuospatial cognition (e.g. sorting objects in space, putting objects in, on, or under each other). In accordance with evidence
that visuospatial cognition is necessary to understand language (e.g. Humphries et al., 2004) the impaired visuospatial
cognition of children with ASD may have influenced their language development.

By including a group with other developmental delays/disorders this study provided information as to whether the
relationships between domains are specific to ASD. While most relationships were present in both groups, some
relationships were only present in the ASD group. This is consistent with other studies that also found stronger relationships
between abilities in different developmental domains in children with ASD compared to typically developing children and
children with other developmental disorders (Dyck, Pieck, Hay, Smith, & Hallmayer, 2006; Liss et al., 2001).

The present study has several limitations that are important to mention. First of all, it is important to note that an
unmeasured third variable may be responsible for the relationships found in the present study. Secondly, shared method
variance by the measures of the MSEL may have overestimated relationships. However, in the MSEL each domain is assessed
with a totally different set of tasks specifically focused on that area of functioning, the visuospatial cognition task for instance
requires minimal motor responses. Moreover, exploration was not measured with the MSEL and measurements were
longitudinal with at least 20 months between measurements. This increases confidence that the effect of shared method
variance was minimal. The main shortcoming of this study is that no typically developing control group was included.
Another limitation is that we can only draw conclusions regarding fine motor functioning, because gross motor data were
not available for these children. Previous studies with typically developing children have demonstrated that gross motor
functioning is also related to social and cognitive development (e.g. Campos et al., 2000; Smith & Gasser, 2005; Wijnroks &
Van Veldhoven, 2003). However, by including the spatial exploration measure the effect of gross motor functioning may be
taken into account since this measure was defined as moving through space, which requires gross motor skills.

In order to understand typical and atypical developmental trajectories it is important to assess how strengths or
weaknesses in one domain may be affecting performance in other domains, which requires longitudinal research. The
current study emphasizes the need for researchers and clinicians to consider cognition in general, and language specifically,
as emergent from multiple interacting systems.
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