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Abstract

Aim: Although atypical sensory motor processing has been investigated in children with

autism spectrum disorder (ASD), whether or not atypical sensory motor processing is

related to altered language function in children with ASD remains unclear.

Methods: This study examined the relationship between sensory motor processing

and language conceptual inference ability in 3–10‐year‐old children with (n = 61)

and without (n = 114) ASD. Language performance was assessed using the language

conceptual inference task of the Kaufman Assessment Battery for Children (K‐ABC).

Sensory processing was assessed using the Caregiver Sensory Profile.

Results: In children with ASD, altered processing of the fine motor/perceptual factor

scored by sensory profile was found to be significantly related to language conceptual

inference ability in the K‐ABC, representing the integrated abilities of language

comprehension and language expression, which reflect language semantic concept

formation.

Conclusions: For children with ASD, the results suggest a relationship between

difficulties of integrating sensory information perceived from the body adjusting fine

movement and deficiencies of language semantic conceptual formation.
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INTRODUCTION

Autism spectrum disorder (ASD) is characterized by deficits of social

interaction and communication, restricted interests, and repetitive

behaviors.1 Atypical sensory motor processing is also evident early in

the development of individuals with ASD. Several studies have

demonstrated that 60%–90% of children with ASD exhibit atypical

reactivity such as hypersensitivity or hyposensitivity to sensory

stimuli.2–6 Results of numerous results of studies suggest that

changes in primary sensory processing are associated with aspects

of higher cognition in ASD.7,8

Language issues are also prominent features affecting quality of

life and long‐term outcomes of ASD.9 Our previous study demon-

strated that 5–7‐year‐old ASD children without intellectual disability

had significantly lower ability for language conceptual inference tasks

than age‐matched typically developing (TD) children.10 Language

conceptual inference ability is not merely language receptive and

expressive language ability; it integrates them and reflects the

development of semantic concept formation.

Some reports have described a link between atypical sensory

processing and language function (i.e., receptive and expressive

ability) in individuals with ASD.2,11–13 As described earlier, preschool

children with ASD particularly show malfunction in language

conceptual inference ability.10 To date, debate persists about the

role that the sensory motor system plays in processes of constituting

concepts in humans.14 In contrast to the classical view that

conceptual representations differ from the representation in the

sensory‐motor system of the brain, recent notions that the

processing of language concepts is accompanied by activation in

modality‐specific brain areas are supported by results obtained from

numerous studies. This modality‐specific approach relies on the

assumption that language concepts are fundamentally grounded in

perception and action.15,16 Moreover, the approach proposes close

links between sensory motor brain systems and language conceptual

systems.17,18 Although earlier studies have often specifically exam-

ined relationships between characteristics of atypical sensory motor

processing and language receptive and expressive functions in ASD,

the relationship between the sensory motor system and semantic

concept formation in children with ASD remains unknown.

This study was conducted to clarify relationships between

language conceptual inference ability and sensory motor features in

children with ASD. Atypical sensory motor functions are expected to

be related to language conceptual inference ability in children

with ASD.

METHODS

Participants

For examination in this study as a clinical group, 80 children with ASD

(19 girls, 61 boys) at 70.9 mean months of age were recruited from

Kanazawa University and prefectural hospitals in the Kanazawa or

Toyama area. The ASD diagnosis was made for this study by a

psychiatrist and a clinical speech therapist. The speech therapist, who is

well trained, with an Autism Diagnostic Observational Schedule (ADOS)

research license and more than 10 years of experience in ASD

treatment, employed the Autism Diagnostic Observational Schedule,

Generic (ADOS‐G)19 and ADOS‐2.20 The definitive diagnosis of ASD

was made by a psychiatrist with more than 15 years of experience in

ASD using the Diagnostic Interview for Social and Communication

Disorders (DISCO),21 the DSM‐IV criteria,22 and the DSM‐5 criteria.1

In the clinical group, 68 children satisfied the diagnosis of childhood

autism (n = 52), atypical autism (n = 15), or Asperger's syndrome (n = 1)

using the DISCO. Children who were below the DISCO cutoff levels

were included in this study if they met the criteria for ASD using ADOS

(i.e., 10 children). Two children who did not meet the diagnostic criteria

for ASD in either DISCO or ADOS were excluded from analyses. As

participants in this study, we included children with a mental processing

scale score in the Kaufman Assessment Battery for Children (K‐ABC)

of 70 and more and <130, therefore data from 61 children with ASD

(16 girls, 45 boys) were used for analyses. As control subjects, 114 TD

children (42 girls and 72 boys with mean age 71.8 months) participated

in this study. The TD children were matched to children with ASD

according to age in months. All TD children were native Japanese

children with no prior or existing developmental, learning, or behavioral

problems according to information obtained from a questionnaire

completed by their parents. All participants had normal hearing ability

according to available medical records. The relevant data of participants

are presented in Table 1.

Cognitive and language performance measurements

The Japanese adaptation of the K‐ABC23 was used to assess the

cognitive skills of the children. To confirm the standardized score of

mental processing scales in the children, we used subtests of this

battery that were complementary to the age (in months) of the

children. Because we found significantly lower language conceptual

inference ability (i.e., a subtest of the K‐ABC “riddles” task) in young

children with ASD in an earlier study by the authors,10 this “riddles”

subtest was used for this study as the language index. For the

“riddle” task, children were asked to respond to the examiner's

questions, such as “Which fruit has a rounded shape with a

depression at the top where the stem is attached? The color of the

skin can be either red, green, yellow, or a combination of these

colors.” In this case, “an apple” is the answer. The “riddle” task

consists of 32 questions, which are presented in ascending order of

difficulty. The linguistic level is defined by the child's degree of

achievement. The K‐ABC “riddles” subtest reflects language

conceptual inference abilities in addition to the degree of language

semantic conceptual formation. To clarify that atypical sensory

motor processing is particularly associated with the language

conceptual inference, we also investigated the relationship

between sensory motor characteristics and nonverbal ability, such

as visual inference, as a complementary analysis. As an index of

2 of 7 | LANGUAGE DEVELOPMENT WITH ASD



nonverbal ability (visual inference), the score of the subtest Matrix

Analogies in the K‐ABC was used.

Sensory profile

The Japanese version of the Caregiver Sensory Profile (SP)

questionnaire was used to assess atypical sensory characteristics

in all children. This questionnaire includes 125 questions that

quantify the frequency of abnormal behavioral responses to various

sensory experiences.24 For this study, we specifically examined the

nine factor subscales of the SP. The nine factors are “sensation

seeking,” “emotionally reactive,” “low endurance/tone,” “oral

sensory/sensitivity,” “inattention/distractibility,” “low registration,”

“sensory sensitivity,” “sedentary,” and “fine motor/perceptual.”

We examined differences across groups separately for each

score (Table 2).

Statistical analyses

Statistical analyses were conducted using software (Statistical

Package for the Social Sciences, SPSS for Windows, ver. 20.0; IBM

Corp.). First, Spearman's rank correlation coefficient was calculated

to assess the relationship between the nine factor subscales of the SP

and language conceptual inference ability for all children: children

with ASD and TD children. The α level was adjusted to 0.05/

9 = 0.0056 (for the nine subscales of the SP). Then Spearman's rank

correlation analysis was applied separately for the ASD and TD

groups to clarify group differences in the relationship between

significantly correlated factor subscales of the SP and language

conceptual inference. The α level was adjusted to 0.05/2 = 0.025 (for

the number of SP subscales [i.e., 2] that were found to be significant

in the analysis described above). To contrast “verbal” conceptual

ability with “nonverbal” conceptual ability, Spearman's rank correla-

tion analysis was applied as a complementary analysis with the

standard score of matrix analogies (nonverbal conceptual ability in

the K‐ABC) and factors in SP that were related to language inference

ability (verbal conceptual ability in the K‐ABC).

RESULTS

Comparison of factor subscales of sensory profiles
between children with ASD and TD children

Children with ASD scored significantly higher than control group

children in eight factor subscales of theSP, but not for the factor of

TABLE 1 Participant data

ASD TD t P

Number of participants 61 114

Gender (female/male) 16/45 42/72 ns

Chronological age (months)(mean) 72.8 (9.9) 71.8 (13.3) ns

K‐ABC

Mental processing scale (±SD) 93.4 (13.9) 104.6 (12.6) −5.388 <0.05

“Riddles” task (±SD) 89.4 (14.5) 96.9 (13.5) −3.419 <0.05

Matrix analogies (±SD) 8.6 (3.1) 9.5 (2.5) −2.028 <0.05

Note: t value is the result of two sample t‐test and is the value obtained by dividing the mean value by SE (standard error).

Abbreviations: ASD, autism spectrum disorder; K‐ABC, Kaufman Assessment Battery for Children; ns, not significant; SD, standard deviation; TD, typically

developing.

TABLE 2 Factor scores of the sensory profile

ASD (n = 61) TD (n = 114) t P

Sensory seeking 33.6 (11.8) 24.0 (6.0) 5.863 <0.0056

Emotionally reactive 43.8 (14.3) 25.6 (8.6) 9.008 <0.0056

Low
endurance/tone

15.6 (7.7) 10.3 (3.1) 5.362 <0.0056

Oral sensory
sensitivity

14.6 (6.7) 10.9 (3.1) 4.067 <0.0056

Inattention/
distractibility

17.0 (4.8) 11.0 (3.2) 8.747 <0.0056

Low registration 14.1 (4.9) 9.3 (2.1) 7.255 <0.0056

Sensory sensitivity 4.9 (1.5) 4.6 (1.3) 1.365 ns

Sedentary 11.3 (4.3) 8.4 (3.5) 4.813 <0.0056

Fine motor/
perceptual

7.2 (3.3) 4.7 (1.8) 5.464 <0.0056

Note: Mean scores and standard deviations are presented for children
with autism and control TD children along with the statistics of two‐
sample t‐tests. Italicized P values were found to be significant after

Bonferroni correction (P < 0.0056). t value is the result of two sample
t‐test and is the value obtained by dividing the mean value by SE (standard
error).

Abbreviations: ASD, autism spectrum disorder; ns, not significant;
SD, standard deviation; TD, typically developing.
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“sensory sensitivity” (Table 2). The sensory sensitivity factors between

TD children and children with ASD were not significantly different.

Relationship between language performance and
sensory processing characteristics

We examined the relationship between the language conceptual

inference ability and nine factor subscales of the SP for all children:

children with ASD and TD children. For these nine SP factors,

significant negative correlation was found for two factors: low

registration (n = 175, ρ = −0.259, P < 0.001; Table 3) and fine motor/

perceptual (n = 175, ρ = −0.270, P < 0.001; Table 3).

Regarding the results of the relationship between language

conceptual inference ability and sensory factors, which were

significant in the analysis of all children, we investigated each group

separately, but only the relationship between language conceptual

inference ability and the factor of fine motor perceptual was found to

be significant for children with ASD (n = 61, ρ = −0.288, P = 0.024;

Figure 1). For example, the item related to the factor of fine motor

perceptual is “Has trouble staying between the lines when coloring or

when writing.” For TD children, no significant correlation was found

between the two factor subscales of the sensory profile and language

conceptual inference performance (i.e., “riddles” task) (Table 4).

Relationship between matrix analogies (nonverbal
ability in the K‐ABC) and sensory processing
characteristics

The relationship between the two factors (low registration and fine

motor/perceptual) of the SP and Matrix Analogies (i.e., visual

TABLE 3 Factor scores of the sensory profile and language
ability for all children

n ρ P

Sensory seeking 174 −0.098 ns

Emotionally reactive 174 −0.085 ns

Low endurance/tone 174 −0.097 ns

Oral sensory sensitivity 175 −0.066 ns

Inattention/distractibility 174 −0.091 ns

Low registration 175 −0.259* <0.001

Sensory sensitivity 175 −0.012 ns

Sedentary 175 −0.136 ns

Fine motor/perceptual 175 −0.270* <0.001

Note: n is the number of participants. ρ is the Spearman's rank correlation
coefficient.

*P < 0.0056.

F IGURE 1 Relationship between language performance and the factor of fine motor and perceptual in the Caregiver Sensory Profile (SP):
(a) children with autism spectrum disorder (ASD) and (b) typically developing (TD) children. K‐ABC, Kaufman Assessment Battery for Children

TABLE 4 Factor scores of the sensory profile and language
ability for each group

ASD (n) TD (n) ASD (ρ) TD (ρ)

Low registration 61 114 −0.255 −0.125

Fine motor/perceptual 61 114 −0.288* −0.107

Note: n is the number of participants. ρ is the Spearman's rank correlation
coefficient.

Abbreviations: ASD, autism spectrum disorder; ns, not significant;
TD, typically developing.

*P < 0.025.
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inference performance in the K‐ABC) was not significant either for

children with ASD children or for TD children (Table 5).

DISCUSSION

The current study was undertaken to examine the relationship between

the characteristics of sensory motor processing and language concep-

tual inference ability in 3–10‐year‐old children with ASD. Our results

indicated a significant negative correlation between the factor of fine

motor/perceptual in the SP and language conceptual inference ability in

children with ASD, but not in TD children, therefore difficulties in fine

motor and perceptual function are associated with lower language

conceptual abilities in children with ASD. This report is the first of a

study suggesting that the sensory motor system is involved in language

concept formation and semantic memory in young children with ASD

without intellectual disabilities.

Earlier studies have examined relationships between sensory

difficulties and language function.2,11–13 Language development

involves sensory characteristics such as sensory hyporesponsiveness

characterized by absence of the expected response to a stimulus, and

sensory seeking characterized by actions that perpetuate or intensify

a sensory experience. The results of a longitudinal study indicated

that sensory characteristics (i.e., sensory hyporesponsiveness and

sensory seeking) and joint attention behavior at 1 year of age are

associated with language development during preschool.12 For

children with ASD, the scores of sensory hyporesponsiveness and

sensory seeking, which were assessed by combining parent reports

and observational evaluations, were found to be associated with the

severity of receptive and expressive language difficulties.13,25

Moreover, existing evidence supports an association of sensory

seeking characteristics with language receptive and expressive ability

in 8–18‐year‐old children with ASD.11 The results of the current

study indicated no significant association between earlier reported

sensory characteristics (i.e., hyporesponsiveness and sensory seeking)

and language conceptual inference ability. One reason for these

divergent findings might be differences of children with ASD. In

earlier studies, children with cognitive developmental delay13,25 and

children older11 than those in our study were examined. Moreover,

issues of fine motor function related to sensory system were not

addressed in earlier studies, therefore a novel finding from our study

is the involvement of sensory‐related fine motor function assessed

using the SP in language conceptual inference ability in children with

ASD without intellectual disability.

Regarding child language development, Gonzalez et al. concluded

from a systematic review of the literature that gross and fine motor

skills help to foster language development from infancy to early

childhood.26 Regarding language development in high‐risk infants

with ASD, some follow‐up studies have demonstrated that early fine

motor skills predicted expressive language at 36 months.27,28 The

findings obtained from this study support results of earlier studies

suggesting that fine motor capability is important for language

development. Furthermore, it is noteworthy that this study demon-

strated that fine motor development is involved in the development

of language semantic conceptual formation for children with ASD

who are older than 3 years.

Another explanation for the relationship between sensory‐related

fine motor function and language conceptual inference ability in

children with ASD is that more than half of the items of the “riddle” task

in the K‐ABC included questions that asked children to give responses

about artificial objects. According to the research view that manipula-

bility and motion are more involved in the concept of artificial objects

than with natural objects,29 more opportunities for children to infer and

respond about artificial objects than natural objects might have

influenced this result. However, this study found no relationship

between language conceptual ability and atypical sensory character-

istics related to visual, auditory, and somatosensory systems. The

language conceptual inference task of the K‐ABC used for this study

might have been insufficient to detect the relationship between other

sensory traits (i.e., vision, touch, hearing) and the language conceptual

abilities in children. Alternatively, in children with ASD, the relationship

between the concept of artificial objects and the sensory motor system

might be stronger than the relationship between the concept of natural

objects and the sensory systems of vision, touch, and hearing.

This study has some limitations. First, the children with ASD

examined for this study were without intellectual disability, therefore

they might not represent children with Kanner‐type autism. Second,

the analysis included only participants who scored 70 or more and less

than 130 in the K‐ABC mental processing scale. However, a significant

difference was found between TD children and children with ASD,

therefore we have not sufficiently considered the influence of mental

processing scale on the association between the factor of fine motor

perceptual and language conceptual inference that we found in this

study. These limitations demand some caution. In the complementary

analysis contrasting the “verbal” conceptual ability with the “nonverbal”

conceptual ability, our results underscore that language conceptual

inference ability is particularly related to fine motor perceptual factors

in the SP. Third, the SP was used for this study to examine sensory

abnormalities specifically. However, it is desirable to use a more

detailed assessment that is specialized for atypical sensory motor

characteristics in children with ASD.
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