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A B S T R A C T

Background: Children with fetal alcohol spectrum disorders (FASD) and developmental co-
ordination disorders (DCD) may show similar clinical sensory-motor symptoms.
Aims: This study aimed to compare motor skills and sensory processing behaviors between these
two groups. Methods and Procedures. In this retrospective analysis, we examined secondary data
and used multivariate analysis of variance to compare the Movement Assessment Battery for
Children-2 (MABC-2) and Sensory Processing Measure (SPM)-Home for 21 children with FASD
and 21 with DCD without prenatal alcohol exposure, ages 5–13 years.
Outcomes and results: No significant group differences in mean total motor or subtest scores on
the MABC-2 were detected, but a higher proportion of children with DCD had more severe motor
delays. Both groups had sensory processing difficulties, but the children with FASD had sig-
nificantly more sensory processing difficulties on the SPM total score and visual, touch, body
awareness, and planning subscales.
Conclusions and implications: The sensory processing symptoms in children with FASD dis-
tinguished the two groups. These group differences between children with FASD and DCD need
corroboration in larger samples but haveimplications for differential diagnosis, clinical assess-
ment, and targeted intervention.

1. What this paper adds?

Both children with FASD and children with DCD had difficulties in motor performance. Furthermore, clinically significant sensory
processing differences were prevalent in these two clinical groups. Although no significant differences were found between groups in
the motor performance scores, more children with DCD had more severe motor delays in motor performance. In contrast, the children
with FASD had significantly more sensory processing difficulties. These findings lend support for future research aiming to investigate
similarities and differences in clinical symptoms among these two populations and the respective neurological underpinnings and
mechanisms of sensory-motor impairments.
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2. Introduction

Fetal alcohol spectrum disorders (FASD) is an umbrella term for neurodevelopmental conditions caused by prenatal alcohol
exposure (PAE; Charness, Riley, & Sowell, 2016; May et al., 2014). Although prevalence estimates vary based on geography and
method of surveillance and diagnosis, FASD is estimated to occur in at least 1% of the world population (Astley, 2011; Roozen et al.,
2016). The neurobehavioral consequences of PAE are multifaceted and complex (Kable & Mukherjee, 2017). The teratogenic impact
of PAE can cause significant alterations to brain anatomy, function, and behavior that lead to lifelong physical, behavioral, and
cognitive disabilities (Rohac, Abbott, & Huffman, 2019; Roozen et al., 2016).

Developmental coordination disorders (DCD) are neurodevelopmental conditions that also have implications across the lifespan
(Saban & Kirby, 2018). They are characterized by marked impairment of motor coordination that significantly interferes with aca-
demic achievement, performance of activities of daily living, and engagement in play. The prevalence of DCD among children in the
general population is estimated to be as high as 6%–10% (American Psychiatric Association, 2013).

Motor difficulties are a primary impairment for children with DCD. Although motor problems typically are not a primary im-
pairment among those with FASD, they frequently co-occur and factor into the domains of central nervous system dysfunction that
are considered during clinical diagnosis of FASD (Astley, 2004). In addition, motor impairments are noted as one component of
adaptive behavior in the proposed diagnosis of neurobehavioral disorder associated with PAE in the fifth edition of the DSM (Kable
et al., 2016). Clinically, both groups may present with similar symptoms, including clumsiness and difficulty with higher-level motor
skills and coordination that impact daily activities and participation in age- and grade-level tasks. Secondary risks and implications
associated with these problems can contribute to or exacerbate risks for decreased physical activity and for social problems.

The type and severity of motor impairments in children with FASD vary, but generally include neurological soft signs, diminished
fine and gross motor skills, and poorer visual-motor integration (Doney et al., 2014; Lucas et al., 2014). According to a review by
Doney et al. (2014), children with FASD had poorer fine motor skills than did children without PAE. Specifically, manual co-
ordination skills, including fine motor speed, manual precision, and coordinated arm-and-hand movement were areas of difficulty for
children with FASD. Lucas et al. (2014) reported specific gross motor difficulties in areas of balance and ball skills in children with
FASD. These results aligned with other studies that reported a mixed profile of strengths and difficulties in motor performance
(Jirikowic, Kartin, & Olson, 2008).

Motor impairments are a primary deficit among children with DCD. Impairments reported in previous studies included marked
delays in achieving motor milestones; clumsiness; poor sensory-motor coordination, balance, and handwriting (Cermak & Larkin,
2002); specific postural control difficulties; difficulty with motor learning (e.g., new skills, planning movement, automatization) and
with strategic planning, timing, and movement sequencing (Geuze, 2005); and deficiencies in internal (forward) modelling, rhythmic
coordination, catching and interceptive actions, and aspects of sensory-perceptual control (Wilson, Ruddock, Smits‐Engelsman,
Polatajko, & Blank, 2013).

Motor performance is intrinsically linked to the ability to process sensory feedback (Ayres, 1985; Mailloux et al., 2011). Sensory-
based motor disorders are one manifestation of poor sensory processing and integration (Miller, Anzalone, Lane, Cermak, & Osten,
2007). Sensory processing and integration dysfunction are defined as a continuum of atypical or poorly modulated behavioral
responses to sensation (Ahn, Miller, Milberger, & McIntosh, 2004). Subsequently, sensory processing challenges can negatively affect
functioning in daily life, including daily activities dependent on motor and postural skills (Schoen, Miller, & Flanagan, 2018).

Several studies have reported sensory processing deficits in children with PAE, including those meeting criteria for FASD (Abele-
Webster, Magill-Evans, & Pei, 2012; Carr, Agnihotri, & Keightley, 2010; Fjeldsted & Hanlon-Dearman, 2009; Franklin, Deitz,
Jirikowic, & Astley, 2008; Jirikowic et al., 2008). The prevalence of sensory processing deficits has been reported as 61 % among
children with fetal alcohol effects (Carr et al., 2010) to 73 % among children with diagnoses on the fetal alcohol spectrum (Jirikowic
et al., 2020). Both human and animal models provide substantive evidence that children exposed to alcohol during pregnancy have
more alterations in sensory processing do than children without PAE (Kable et al., 2016; Schneider, Moore, & Adkins, 2011). Fur-
thermore, among children with FASD who have motor impairments, inefficient central processing of sensation, particularly vestibular
input, was found to play a role in diminished postural control and functional sensory-motor performance (Jirikowic et al., 2013).

Likewise, several research studies have described sensory processing and integration difficulties in children with DCD (Cherng,
Hsu, Chen, & Chen, 2007; Piek & Dyck, 2004; Zoia, Pelamatti, Cuttini, Casotto, & Scabar, 2002). Children with DCD have been
described as having poorer function in visual-motor and visual-perceptual skills, organization of visually perceived information,
tactile sensitivity, and alterations in proprioception and vestibular functions (Allen & Casey, 2017; Goyen, Lui, & Hummell, 2011).
Additionally, adolescents and children with DCD tend to use more visual and fewer proprioceptive cues to support balance
(Assaiante, Mallau, Jouve, Bollini, & Vaugoyeau, 2012; Deconinck et al., 2006).

A recent study explored the co-occurrence of DCD and sensory processing and integration difficulties in a clinical sample of
children with DCD (Allen & Casey, 2017). Of 93 cases analyzed, 47 % of the children had diagnoses of autism spectrum disorder and
53 % had DCD. According to parents’ reports using the Sensory Processing Measure (SPM)-Home form, 32 % of the children with DCD
presented with definite sensory processing and integration difficulties (more than 2.0 standard deviations (SD) from the mean), and
56 % of the parents identified some difficulty (+1.0 to +2.0 SD from the mean) on the total score.

Collectively, clinical and research reports suggested that children with FASD and those with DCD may present with symptoms of
sensory processing and integration dysfunction as well as with motor impairments. Sensory-motor symptoms may be interrelated, and
patterns of sensory-motor abilities are a focus of current research that aims to identify clinical subtypes. For example, sensory-based
motor disorders are part of the proposed nosology of outcomes (e.g., clinical subtype) associated with poor sensory processing and
integration (Miller et al., 2007). Further, although skills and behaviors in these domains have been compared among other clinical
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groups (e.g., autism or attention-deficit/hyperactivity disorder), children with FASD or DCD have not been included in the com-
parisons; nor have sensory-motor outcomes been systematically compared in these latter two groups. Comparing the sensory-motor
performance of children with FASD to those with DCD can contribute to improved clinical assessment and more targeted inter-
ventions. This is important because, due to the milder nature of these impairments, children in both groups may receive less ther-
apeutic intervention than children with more severe impairments, such as cerebral palsy (Blank et al., 2019).

The primary purpose of this study was to compare children with FASD and children with DCD without PAE in (a) motor per-
formance, measured by the Movement Assessment Battery for Children 2nd edition (MABC-2; Henderson, Sugden, & Barnett, 2007)
subscale and total motor scores and (b) sensory processing behaviors, measured by the SPM-Home subscale and total sensory scores.
A secondary exploratory goal was to examine the relationships between sensory processing and motor outcomes.

3. Materials and methods

3.1. Participants

This was a secondary analysis of data collected from children who participated in previous research studies at the University of
Washington (Hsu et al., 2018; Jirikowic et al., 2016;). The children were recruited and enrolled in accordance with University of
Washington’s Institutional Review Board and Health Insurance Portability and Accountability Act guidelines for the primary studies.

The children with FASD in this retrospective analysis had diagnoses on the fetal alcohol spectrum conducted by the University of
Washington FAS Diagnostic & Prevention Network, using the FASD 4-digit diagnostic code, an interdisciplinary approach to diagnosis
guided by empirically validated criteria (Astley, 2004, 2013). The code's four digits reflect the magnitude of expression in the four
key diagnostic features of the spectrum: (1) growth deficiency, (2) facial phenotype, (3) central nervous system structural or func-
tional abnormalities, and (4) PAE. The expression magnitude of each feature is ranked independently on a 4-point Likert scale, with 1
reflecting complete absence of the feature and 4 reflecting a strong and classic presentation. Each Likert rank is specifically case
defined. The 102 4-digit codes fall broadly under the FASD umbrella.

Children with DCD were recruited in a stepwise manner. First, the DCD Questionnaire (DCDQ) was used to screen children for
potential motor concerns. The DCDQ has reported sensitivity and specificity of 84.6 % and 70.8 %, respectively (Wilson et al., 2009).
Parents rated their children’s sensory-motor abilities during various daily activities through the DCDQ's 15 questions. Once scored,
the DCDQ was used to identify children who may need further testing to discern a diagnosis of DCD. Next, the children were tested
with the MABC-2 to verify that the motor problems were within the range of a DCD diagnosis (< 15 percentile in at least one
composite score). Parents also completed the MABC-2 checklist (Henderson et al., 2007) to verify that the motor concerns affected the
children’s daily life and community activities.

3.2. Inclusion and exclusion criteria

Inclusion criteria for children with FASD were confirmed PAE at any level, diagnosis on the fetal alcohol spectrum that included
fetal alcohol syndrome, partial fetal alcohol syndrome, static encephalopathy–alcohol exposed, or neurobehavioral disorder–alcohol
exposed, and a previously identified sensory-motor impairment based on clinical diagnostic assessments from the clinical registry. For
the primary studies, children were excluded if they had intelligence quotient scores lower than the standard score of 60, severe co-
occurring neuromotor conditions that impaired ambulation or independent standing for at least 2 min, history of serious head injury
or seizures, visual acuity impairment uncorrected by glasses, reported lower limb or back injury within the previous 6 months, or
currently were living in an unstable home placement.

Initial inclusion criteria for children with DCD were DCDQ (Wilson et al., 2009) cut-off scores that indicated DCD concerns (i.e.,
5–7 years,< 47 points; 8–9 years,< 56 points; 10–12 years,< 58 points) or a medical diagnosis of DCD; motor problems based on
the MABC-2 percentile rank (≤ 15 % in at least one composite score); and aged 5 years 0 months to 12 years 11 months. Exclusion
criteria were intelligence quotient standard scores lower than 60, other motor-related medical diagnoses (e.g., cerebral palsy), history
of serious head injury or seizures, uncorrected visual acuity impairment, lower limb or back injury within the previous 6 months, or
currently were living in an unstable home placement.

3.3. Data collection

Study measures were administered to both groups (FASD and DCD) of children as a part of a larger sensory-motor test battery in
the primary studies. The MABC-2 was administered in a university laboratory or the child’s home by a pediatric physical therapist and
the children’s primary caregiver completed the SPM-Home form.

3.3.1. MABC-2
The MABC-2 (Henderson et al., 2007) is a norm-referenced assessment administered within three age bands (3–6, 7–10, and

11–16 years). Eight tasks are grouped under the categories of manual dexterity, aiming and catching, and balance. Each task's raw
score can be converted to a standard score, and a total test score can be calculated by summing the eight task standard scores. Using
the total test score, a percentile score can be found from the norm tables published in the MABC-2 manual to determine a child's
motor delays. The test percentile scores are described as a traffic light scoring system, including a red zone, amber zone, and green
zone. A score of less than the fifth percentile is classified in the red zone, indicating a significant movement difficulty; a score between
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the fifth and 15th percentiles is classified in the amber zone, indicating at risk of movement difficulty; and a score greater than
the15th percentile is classified in the green zone, indicating no movement difficulty detected. Interrater reliability (r=0.94 and
1.00) and test–retest reliability are good (intraclass correlation coefficient= 0.88, 95 %, confidence interval= 0.79 to 0.93; Van
Waelvelde, Peersman, Lenoir, & Smits Engelsman, 2007). Criterion, content, and face validity are supported by test developers
(Henderson et al., 2007). There is a lack of evidence on discriminative validity (Blank, Smits-Engelsman, Polatajko, & Wilson, 2012).
The MABC-2 standard scores were the variables of interest for this study.

3.3.2. SPM-Home form
The SPM (Parham, Ecker, Miller-Kuhaneck, Henry, & Glennon, 2007) is a parent report and an integrated system of rating scales

that assess sensory processing issues, praxis, and social participation in elementary school-aged children (i.e., ages 5–12 years). It
consists of three forms that evaluate the child's functioning in different environments. Test items cover a wide range of behaviors and
characteristics related to sensory processing and functional performance (social participation and praxis). Each item is rated by
frequency of the behavior on a 4-point Likert-type scale, with response options of never, occasionally, frequently, or always. The SPM-
Home form has 75 items and eight subsections: social participation, vision, hearing, touch, body awareness, balance and motion,
planning, and ideation. The total score is a composite of all sections except social participation. A lower score indicates better sensory
processing function. A score of 70 or above (definite difference) indicates a significant sensory processing and integration problem
that may noticeably affect the child’s daily functioning (equates to a score +2.0 SD above the norm).

The SPM was standardized on 1051 elementary school-aged children (ages 5–12 years). Reliability and validity have been
supported, and internal consistency and test–retest reliability data were reported as 0.77 to 0.95 and 0.94 to 0.98, respectively
(Parham et al., 2007). The SPM t-scores were used for analysis.

3.4. Statistical analysis

Descriptive analysis was performed. Because normal distribution of the data was found, differences by group for total scores and
subtest scores (MABC-2 and SPM-Home) were compared using multivariate analysis of variance (MANOVA). A Spearman correlation
analysis was conducted to analyze the relationship between the motor score (MABC-2) and sensory processing score (SPM-Home).
Significance levels were set at α=0.05 and effect sizes (ES) were determined for practical significance using Cohen's d (Cohen,
2013). Analyses were carried out using SPSS version 23. Because of the exploratory nature of the analysis and the small sample size,
corrections for multiple comparisons were not made; thus, all interpretations of the results should be viewed with caution and
considered preliminary findings.

4. Results

Forty-two children aged 5 to 13 years were included in the study: 21 with FASD [age M=10.6 years, SD=1.7, range 7.4–13.7;
11 boys] and 21 with DCD [age M=8.8 years, SD=2.2, range 5.2–12.8; 12 boys]. Participants’ demographics, including gender,
caregiver relationship to the child, parent’s highest education level, and household income, are provided in Table 1. The two groups
had similar proportions of gender, and their parent’s education levels did not differ significantly. However, age and caregiver

Table 1
Participant Demographics.

Characteristic With FASD (n = 21) With DCD (n = 21)

Age
Range 7.4–13.2 5.2–12.7
Mean (SD) 10.56 (1.67) 8.76 (2.22)

Frequency (%) Frequency (%) χ²
Gender 0.96
Male 11 (52.4) 12 (57.1)
Female 10 (47.6) 9 (42.9)

Relationship to child 38.18***
Adoptive parent/legal guardian 19 (90.4) 0
Foster parent 1 (4.8) 0
Biological parent 1 (4.8) 21 (100.0)

Highest level of education (parent) 2.1
High school or less 7 (33.3) 3 (14.3)
College 14 (66.7) 18 (85.7)

Household income (US$/annum) 6.91
< 25,000 4 (19.0) 3 (14.3)
25,000−50,000 5 (23.9) 3 (14.3)
50,000−75,000 8 (38.1) 3 (14.3)
> 75,000 4 (19.0) 12 (57.1)

Note. FASD= fetal alcohol spectrum disorder; DCD=developmental coordination disorder.
*** p < .001.
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relationship to the child differed significantly between the two groups.

4.1. Comparison between groups: motor performance (MABC-2)

The MANOVA comparing the mean MABC-2 total motor score yielded no significant group differences, F(436)= 1.12, p= 0.29.
Furthermore, no significant group differences were found for the subscales score on manual dexterity, F(3, 37)= .085, p= .77; ball
skills, F(3, 37)= 1.73, p= .019; and static and dynamic balance, F(3, 37)= 2.93, p= .09. The ES describing motor delays of the
study participants between groups were small for manual dexterity (d= 0.24) small-to-medium on ball skills (d=0.34), and large on
balance (d=0.80) and on the total motor score (d=0.73). Among the group with DCD, five (23.8 %) participants had mild diffi-
culties (but met the inclusion criterion of ≤ 15 percentile in at least one composite score), four (19 %) had moderate difficulties
(5th–15th percentile in at least one composite score), and 12 (57.1 %) had significant motor difficulties (< 5th percentile). Among
the group with FASD, 13 (61.9 %) children showed mild difficulties, seven (33.3 %) had moderate difficulties (5th–15th percentiles),
and one (4.8 %) scored below the fifth percentile (significant motor difficulty). Although clinically, more children with DCD showed
significant motor difficulties (< 5th percentile) these differences were not statistically significant (χ² (9) = 11.21, p=0.26). Detailed
outcomes of the analysis of the MABC-2 subscale and the total scores are shown in Table 2.

4.2. Comparison between groups: sensory processing (SPM-Home)

Most participants with FASD (82 %) or DCD (67 %) presented with some problems or definite dysfunction in sensory processing.
Sensory processing behaviors on the total score were in the definite dysfunction category (> 2 SD) for 34 % of the children with
FASD, compared to 5% of the group with DCD. Of the children in the group with FASD, 48 % scored in the some problems range,
compared to 62 % of the group with DCD.

A comparison of the SPM subscale scores identified that most mean scores (except balance) were higher in the group with FASD
than in the group with DCD, indicating more problems in sensory functioning in the group with FASD. Fig. 1 illustrates between-
group differences in total and subtest scores. Detailed analysis of all subscales and total scores, including ES, are shown in Table 3.

For exploratory purposes, correlations between the SPM and MABC-2 outcomes were examined using Spearman correlation

Table 2
Comparison of MABC-2 Total and Subscale Scores Between Groups with Fetal Alcohol Spectrum Disorder (FASD) and Developmental Coordination
Disorder (DCD).

FASD (n = 21) DCD (n = 21)
Subscale (percentile score) M (SD) (low–high) M (SD) (low–high) F

Manual dexterity 5.00 (2.47) (2.0–12.0) 4.47 (2.01) (1.0–11.0) 0.08
Aiming and catching 9.81 (3.19) (5.0–17.0) 8.67 (3.58) (3.0–18.0) 1.73
Balance 8.71 (3.00) (3.0–14.0) 6.00 (3.71) (1.0–14.0) 2.93
Total motor score 6.86 (2.79) (2.0–11.0) 4.86 (2.68) (2.0–11.0) 1.12

Fig. 1. Comparison of SPM-Home total and subscale scores between the groups with fetal alcohol spectrum disorder (FASD) and with developmental
coordination disorder (DCD). SPM=Sensory Processing Measure; *p< .05, **p< .01, ***p < .001.
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coefficient. No correlations were found for the FASD group. In the DCD group, there were significant moderate correlations between
the SPM motor planning score and the MABC-2 balance (r = −0.47, p < .04), fine motor (r = −0.54, p < .01), and total motor (r
=−0.47, p < .04) scores, and between the SPM visual score and the MABC-2 fine motor (r=−0.64, p < .01) and total motor (r=
−0.45, p < .05) scores.

5. Discussion

This study profiles motor performance and sensory processing and integration behaviors in a sample of children with FASD
compared to children with DCD. To our knowledge, this is the first study to compare motor performance and sensory processing and
integration outcomes among children with these two diagnoses. Notably, the children with DCD in this sample did not have reported
PAE based on questions asked as part of the study enrollment interview, which is important because there continues to be limited
screening and reporting of PAE in routine child development practice and research studies of children with neurodevelopmental
disabilities other than FASD. A key finding was that children in these two clinical groups had statistically significant differences in
sensory processing and integration behaviors but no statistically significant differences in motor performance. The former seemed to
distinguish the two groups, who can otherwise present with overlapping clinical symptomology.

Exploration of the relationships between motor and sensory processing and integration outcomes also showed moderate corre-
lations among the group of children with DCD in some domains. Specifically, motor planning and visual processing. Results from this
study are preliminary but show patterns of similar and contrasting sensory and motor symptoms that warrant further investigation,
can guide future research and that also have clinical relevance.

5.1. Motor performance

Mild to moderate clinical motor delays were demonstrated by both groups on the MABC-2. Even though the mean total and
subtest scores did not differ significantly, more children with DCD had motor impairments of greater severity (below fifth percentile).
This outcome was predictable for children with DCD because motor delays with impact on daily function is a diagnostic criterion for
that population (American Psychiatric Association, 2013). For the children with FASD, the mild to moderate motor performance
difficulties align with previous studies. For instance, Lucas et al. (2014) found significant association between FASD diagnosis or
moderate to heavy prenatal alcohol exposure (PAE) and gross motor (including balance, coordination, and ball skills) impairment
among children with mean ages ranging from 3 days to 13 years. According to Doney et al. (2014), fine motor impairments were
associated with moderate to high PAE levels. Thus, the findings of the current study support the results of these two systematic
reviews and reinforce the need for a comprehensive assessment of a range of fine and gross motor skills in any assessment process for
children with FASD, such as that provided by occupational therapy or physical therapy professionals.

Of note in the current study is that the mean scores on the manual dexterity subtest were similarly lower for both groups relative
to other subtest scores, indicating more challenges in the fine motor performance domain. Fine motor skills uniquely contribute to
many academic, recreational and self-care activities (e.g., handwriting, dressing). Assessing subdomains of motor functioning and
including attention to domain scores rather than solely a total motor score to understand underlying impairments is important during
FASD diagnostic assessments as well as to target interventions. In the review by Doney et al. (2014) most studies of children with PAE
reported a motor score that combined fine and gross motor skills. It is important to assess the subdomains of motor functioning and
gather separate composite scores—rather than rely solely on a total motor score—when determining if children with FASD have
motor impairments (Safe, Joosten, & Giglia, 2018).

Motor skills are necessary for children's participation in daily activities (Mandich, Polatajko, & Rodger, 2003), and knowledge of
strengths and challenge areas can guide interventions that support participation and performance in activities of daily living, play,
leisure, and academic activities (Rosenberg, 2015; Rosenberg, Jarus, Bart, & Ratzon, 2011). Therefore, it is important to assess motor
performance at the levels of body structure and function and in relation to participation. Further, atypical motor and sensory
symptoms have been described as important but often overlooked “secondary symptoms” in other diagnoses (Levit-Binnun,

Table 3
Comparison of SPM-Home Form Total and Subscale Scores Between Groups with Fetal Alcohol Spectrum Disorder (FASD) and Developmental
Coordination Disorder (DCD).

Subscale (t score) FASD (n = 21) DCD (n = 21)
M (SD) M (SD) F (p) ES (d)

Social participation 58.52 (9.30) 57.57 (9.68) 2.70 (.11) 0.10
Vision 61.67 (10.20) 57.96 (9.17) 5.56 (.02) 0.38
Hearing 62.05 (10.45) 57.43 (9.92) 3.23 (.08) 0.45
Touch 64.00 (7.54) 59.05 (5.35) 5.35 (.02) 0.76
Body awareness 66.24 (8.47) 60.81 (7.58) 11.08 (.00) 0.68
Balance and motion 62.52 (11.28) 63.05 (5.44) 0.61 (.44) 0.06
Planning 66.95 (9.34) 61.0 (7.41) 7.31 (.01) 0.70
Total SPM score 66.76 (7.17) 62.24 (4.97) 15.25 (.00) 0.73

Note. ES= effect size.
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Davidovitch, & Golland, 2013). Thus, it is imperative that future research for children with FASD include attention to patterns of
motor as well as sensory performance because understanding profiles and variations in these symptoms have potential to add to our
understanding of neurological vulnerability and network abnormalities in this group (Levit-Binnun et al., 2013). While motor pro-
blems are a primary impairment for children with DCD, identifying patterns of fine, visual and gross motor function from the levels of
body structures and function to participation is relevant for children with DCD as well, because high motor variability is an often-
found characteristic of DCD and needs further examination. To date, the concept of variability has received limited attention in
research on DCD, partly because those studies focused mainly on performance variability and not on variability in coordination patterns
(Golenia et al., 2018).

5.2. Sensory processing and integration

Sensory processing and integration differences were identified in both groups in this study. The children with FASD showed more
frequent and severe sensory processing problems with significant group differences on the SPM total score, as well as on the vision,
touch, body awareness, and planning and ideas subtests. The high prevalence of sensory processing differences across the children
with FASD are consistent with findings from previous studies of clinical samples of children with PAE (Abele-Webster et al., 2012;
Carr et al., 2010; Franklin et al., 2008; Jirikowic et al., 2008) and a recent retrospective analysis of diagnostic clinical data from 325
children, ages 3–11 years, with diagnosis on the fetal alcohol spectrum (Jirikowic et al., 2020) where 73.2 % of the sample had
atypical sensory processing symptoms, From a clinical standpoint, these findings collectively reinforce that sensory processing be-
haviors affect function and participation in daily activities (e.g., distress during grooming, difficulty functioning with background
noise, or seeking all sorts of movement) and warrant attention in diagnostic assessments of children with FASD.

The recognition of sensory processing differences among the FASD population can help reframe challenging behaviors, provide
positive behavioral supports and accommodations, and tailor environments that enable successful participation in home, school, and
community (Jirikowic et al., 2020). The findings further demonstrate the need to include children with FASD in systematic com-
parisons of sensory processing with other clinical groups, such as the exploratory comparison with DCD in the current research and to
address PAE in study samples.

The current findings that show underlying sensory processing and integration symptoms in children with DCD also align with
previous studies (e.g., Allen & Casey, 2017). Research has shown that children with DCD or ADHD have sensory processing deficits.
Further, there is great sensory processing variability both between and within the disorders, as they do not exhibit just one pre-
dominant sensory pattern. Moreover, children with similar sensory processing patterns but different or co-occurring neurodeve-
lopmental conditions may act differently. Thus, systematic comparisons can enrich larger-scale research efforts that aim to improve
the early identification of sensory processing impairments in at-risk children; inform individualized, targeted interventions; and
examine shared neurological mechanisms underlying sensory processing disorders and related conditions (Little, Dean, Tomchek, &
Dunn, 2018).

An additional notable finding was a significant difference in the SPM motor-planning and ideas subtest, in which the children with
FASD showed more dysfunction. Motor planning and ideation encompass cognitive aspects of motor performance. Motor planning
problems have been described among children with DCD (Gheysen, Van Waelvelde, & Fias, 2011; Schoemaker & Smits-Engelsman,
2015), but less so among children with FASD. Given the well-documented executive function challenges among children with FASD
(e.g., Kingdon, Cardoso, & McGrath, 2016; Rai et al., 2017), investigating the relationships between planning and executing higher
level novel, or complex motor skills in conjunction with executive functioning (Kodituwakku & Kodituwakku, 2014), would be an
important area for further research. Clinical assessment of motor planning, as a specific subdomain of sensory-motor performance,
appears warranted in both groups.

The moderate, statistically significant correlations between motor skills and sensory processing behaviors in the group with DCD
provide some support for theoretical linkages between sensory processing and integration behaviors and motor performance. The
relationships were significant for behaviors in the visual domain as well as the planning and ideas domain. More dependency on
vision for motor performance, along with difficulties integrating visual and nonvisual information, has been reported previously for
children with DCD (Cantin, Ryan, & Polatajko, 2014; Gheysen et al., 2011). Furthermore, an internal modelling deficit, defined as
deficits in internal cognitive processes (e.g. tactile perception, response inhibition, procedural learning etc.), that found to have
negative influence on behavior, has been proposed as a main factor contributing to the DCD etiology (Blank et al., 2019; Wilson et al.,
2013). Therefore, low sensory registration issues especially proprioceptive stimuli detection may contribute to the underlying sen-
sory-motor processing factors that influence internal modelling deficit in DCD (Delgado-Lobete, Pértega-Díaz, Santos-del-Riego, &
Montes-Montes, 2020). However, further research is needed to explore these potential relations.

5.3. Limitations

The main study limitations were the small sample size and use of retrospective data. The sample for this study was collected by
timeframe and clinical conditions (difficulties in motor performance) and was not a random selection. The children with FASD had
been selected for the primary study based on a screening of clinical outcome data that indicated sensory-motor challenges; thus, they
may not represent the full range of outcomes on the fetal alcohol spectrum. IQ data were not available for all children with FASD in
this secondary analysis, therefore intellectual performance was not factored into outcomes. Data for children with DCD from the
primary study indicated average intellectual abilities on the Kaufman Brief Intelligence Test-2nd Edition (mean total composite
score= 109.3; SD=19.1). Because there have been noted relationships between intellectual ability and motor performance (Van der
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Fels et al., 2015), future studies that more comprehensively compare sensory-motor performance between different groups of chil-
dren with neurodevelopmental disabilities should include methods to account for possible differences in intellectual ability. The
groups also had significant differences in age, which we considered in all statistical analyses. Finally, group differences in caregiver
demographics (i.e., the types of caregivers raising the children) were also present, which could impact perceptions of behaviors on
caregiver reported measures. Namely, a parent-report measure was used to assess sensory processing and integration. Although the
SPM-Home questionnaire is well validated and ecologically valid to assess sensory processing, the use of parent reported behaviors
may have potential biases. Therefore, future studies should consider methods of direct performance and more objective assessment of
this domain. (Tvassoli et al., 2019)

5.4. Conclusion

Children with FASD and DCD did not have significant differences in mean total motor or subtest scores on the MABC-2; however,
more children with DCD presented with more severe motor impairments. Both groups of children had sensory processing behaviors
that were rated as atypical, but the children with FASD had significantly more sensory processing difficulties. Clinically, these
findings have implications for assessment and intervention. They suggest that motor performance and sensory behaviors may un-
derlie difficulties in performance, activities, and participation and thus warrant careful assessment in each group, considering these
differences. More research is warranted to corroborate these comparisons and relationships and further inform clinical assessment
and intervention.
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