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ABSTRACT 

 

Background: Fetal Alcohol Spectrum Disorder (FASD) is a developmental disability that occurs as a 

direct result of alcohol exposure in utero. It is thought to be an underdiagnosed condition, with 

prevalence rates considered to be higher in groups including those in the care of child protection 

and criminal justice systems. The presentation of a FASD diagnosis is variable between individuals, 

but it includes a range of neurocognitive impairments. Motor skill difficulties are commonly 

experienced by people prenatally exposed to alcohol and are included in the diagnostic criteria for 

FASD. Impaired motor skills are correlated with lower school completion rates, reduced recreational 

participation, and mental health and social issues.  

 

Aims: The aims of this research were to review what is known about motor impairment in 

adolescents with FASD and Prenatal Alcohol Exposure (PAE). Following this, the research aimed to 

assess and characterise motor performance in young people in a Western Australian youth 

detention centre with a suspected high level of FASD, and explore the relationship between motor 

skills, FASD and PAE.  

 

Methods and Procedures: A two phase approach was used to achieve the objectives of this research 

project. In Phase 1, a systematic review was completed to identify gaps in the existing knowledge 

about motor impairment in adolescents with FASD or PAE, and to determine suitable motor 

assessment tools or use with an adolescent population. The findings of this review were used to 

guide the next phase. Phase 2 of the research was undertaken at Banksia Hill Detention Centre from 

March 2015 to November 2016, within the context of a larger FASD prevalence research project. 

This is the first study to assess motor skills using standardised assessments in a correctional setting 

in Australia and internationally. A criterion to determine a motor impairment was developed based 

on current Australian FASD diagnostic guidelines. Participants completed assessments of fine and 

gross motor skills, including the Movement Assessment Battery for Children, Second Edition (MABC-

2), the Beery-Buktenica Developmental Test of Visual-Motor Integration (VMI) including its 

associated subtests of Motor Coordination and Visual Perception, and a handwriting screen. 

Statistical analysis was conducted between groups with and without FASD (FASD and No-FASD), and 

groups with and without PAE (PAE and No-PAE). 

  

Outcomes and Results: In Phase 1, seven research articles were identified which met the criteria for 

the systematic literature review. Drawing conclusions from the review was problematic because of 
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the heterogeneity of the included papers. However, the review highlighted gaps in the research 

regarding the motor skills of adolescent populations with FASD or PAE, which justified the need for 

further research. In Phase 2, 99 young people (n=47 PAE; n=36 FASD) with a mean age of 16 years 

completed motor skill assessments. Motor impairment rates were higher compared to the general 

population, with 30% of study participants meeting criteria for having a motor impairment. Fifty 

percent of young people with FASD, and 17% of those without FASD, had a motor impairment which 

was significant difference (p=0.001). In this study, there was no difference in the level of motor 

impairment between those with and without PAE (p=0.187). There was a significant association 

between a FASD diagnosis and poorer scores on the VMI (p=0.005). MABC-2 mean scores were 

within age expected levels across all groups. Handwriting skills were below age expected levels in 

83% of study participants. Participants in the PAE and FASD groups had significantly more difficulty 

with letter formations and spatial awareness than those without PAE and FASD. 

Conclusions and Implications: In phase 2 of the research it was identified that motor impairment was 

highest in participants diagnosed with FASD; however, all groups had higher levels of motor 

impairment compared to what would be expected in a norm referenced population. Visual-motor 

integration and handwriting were areas most commonly impaired in this population. Lower VMI 

scores were more prevalent in participants diagnosed with FASD, and therefore should be routinely 

assessed as part of a diagnostic assessment. Assessment of fine and gross motor skills enabled 

recommendations for intervention supports that address deficits and build upon strengths. The high 

rates of motor skill difficulties in this population supports the need for screening, assessment, and 

intervention for all youth in detention. Further research is needed to confirm these results using 

larger populations, and to investigate additional factors associated with high visual-motor 

integration and handwriting difficulties in this population.  
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CHAPTER 1: 

INTRODUCTION 

 
1.1 Thesis background and motivation 

This research was conducted within the context of a larger study based in a Perth youth 

justice centre over an 18-month period between March 2015 and November 2016. The larger study 

aimed to assess the prevalence of Fetal Alcohol Spectrum Disorder (FASD) among youth sentenced 

at Banksia Hill Detention Centre (BHDC). Banksia Hill Detention Centre is the only youth justice 

centre in Western Australia (WA), housing sentenced and detained youth from metropolitan, 

regional and remote areas of the state. Study eligibility was open to anyone aged between 10-17 

years and 11 months old sentenced at BHDC between May 2015 and November 2016. Ninety- nine 

young people completed the assessments. The results of the FASD prevalence study are detailed in a 

published paper found in Appendix C, which the thesis author co-authored (Bower et al., 2018). 

The multidisciplinary team conducting the assessments included an occupational therapist 

(the author of this thesis), a paediatrician, a speech pathologist, and neuropsychology trainees 

(supervised by a qualified neuropsychologist). The thesis author was responsible for determining 

whether participants had a motor skill impairment. This included choosing the motor assessment 

battery based on the Australian Guide to the Diagnosis of FASD (Bower et al., 2017), administering 

the assessments with the participants, interpreting the individual assessment results, writing clinical 

reports including recommendations, and attending multidisciplinary case conferences where the 

FASD guidelines were applied to determine if a young person met the FASD diagnostic criteria. 

Motor assessment results were recorded for each young person who participated in the FASD 

prevalence study. Further analyses of these results was completed for this thesis. This is the first 

study to assess motor skills using standardised assessments in a correctional setting in Australia and 

internationally.  

Previous studies from North America that aimed to determine the prevalence of FASD in 

correctional facilities (Fast, Conry, & Loock, 1999; Hughes, Clasby, Chitsabesan, & Williams, 2016; 

Murphy & Chittenden, 2005; Rojas & Gretton, 2007). Only one of these studies administered clinical 

assessments and used a diagnostic criterion to consider whether an individual met criteria for having 

a FASD diagnosis (Fast, 1999). However, this study only included a paediatrician and psychologist 

and no motor assessment was completed. The study by Bower et al. (2018) was the first FASD 

prevalence study in a correctional setting in Australia and was timely due to growing Australian and 

international concerns about the forensic implications of FASD. Concerns related to how FASD may 
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impact on a person’s ability to provide credible evidence during forensic interviews, fitness to plead, 

and their capacity to stand trial (Douglas, Hammill, Russel, & Hall, 2012; Freckelton, 2016). 

Most previous research about the motor skill difficulties experienced by people with 

Prenatal Alcohol Exposure (PAE) has focused on younger children (Safe, Joosten, & Giglia, 2018). 

There is a lack of literature exploring the motor skills of adolescents and this is further explained in 

Chapter 2, and highlighted a need for further research in this area. Motor impairment in isolation 

have been associated with psychosocial factors including poorer social skills, lower participation and 

involvement in sport and recreation, reduced employment, higher anxiety, and reduced self-worth 

(Hands, Licari, & Piek, 2015).  

 

1.2 Thesis objectives and hypotheses 

The aim of this research was to determine a motor assessment battery to use as part of the 

FASD diagnostic process; assess and characterise motor performance among young people in a 

youth detention centre; and explore the relationship between motor skills, FASD and PAE.  

The objectives of this thesis were to: 

1. Determine through a systematic literature review, the motor skills that are likely to be 

impaired in adolescents with FASD and PAE. 

2. Determine an appropriate motor assessment battery for use with adolescents as part of 

a FASD diagnostic process. 

3. Investigate the motor profile of sentenced young people in a youth justice centre 

compared to normative data from standardised assessment tools.  

4. Compare the motor skills in an adolescent population between groups according to 

FASD diagnosis, and PAE. 

Based on existing literature, FASD was expected to be more prevalent in a correctional 

setting compared with the general population. It is hypothesised that rates of motor impairments 

will be higher in the study population compared to normative data. It is expected that those in the 

PAE and FASD groups will have a higher level of motor difficulties compared to groups without PAE 

and FASD, and that deficits will include visual-motor integration, fine motor coordination, balance, 

and handwriting skills.  

Results from this thesis could inform whether motor skills should be routinely assessed as 

part of a FASD diagnostic assessment in adolescents. Results may also inform the management of 

young people with a FASD diagnosis through targeted interventions that use identified strengths and 

areas of difficulty to support functional outcomes and participation in meaningful everyday 

activities.  
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1.3 Thesis structure 

The thesis comprises seven chapters: an introduction, published systematic literature 

review, materials and methods, results focused on the level of motor impairments in the study 

population, an additional results paper that focuses on specific motor assessment results, a brief 

discussion, and implications and conclusion. The document comprises some stand-alone pieces of 

work written for publication with separate abstracts, introductions, methods, results, discussions, 

and conclusions. As a result, there is some repetition in the thesis document. A combined reference 

list is provided at the end of the document.  

Following the introduction (Chapter 1), a literature review is presented in Chapter 2. This 

chapter includes a published systematic literature review article completed as part of Phase 1 of this 

thesis research. The systematic literature review was primarily designed and written by the thesis 

author, with support received from the supervisors who co-authored the publication. This paper 

focuses on what is known about motor impairments in adolescents and adults who have been 

prenatally exposed to alcohol. An addendum provides the reader with further information about 

motor skills in correctional settings, motor skill difficulty implications and interventions. Due to the 

narrow view required for the systematic literature review methodology, it was not possible to 

include these details in the published paper. 

Chapter 3 presents the detailed methodology and materials used throughout Phase 2 of the 

research. This section includes ethical considerations, the research setting, assessment tools and 

processes, and statistical analysis employed during the research.  

Chapter 4 and 5 addresses Phase 2 of the research. Chapter 4 details the level of motor 

impairments determined during this study. It examines the degree of motor impairments in the 

participant group and across groups based on FASD and PAE. The main motor assessment results 

paper is presented in Chapter 5. This paper has been submitted for publication and is currently 

under review. It presents the motor assessment results of the participants from the study, and 

compares groups based on FASD and PAE. This paper was primarily written by the thesis author, 

with support from co-authors, including the thesis supervisors.  

Chapter 6 provides a brief discussion, to complement the discussion sections in the two 

prepared manuscripts in Chapters 2 and 5. It addresses the thesis outcomes and discusses the 

strengths and limitations of the study. Chapter 7 concludes the thesis. It considers the implications 

of the research, provides recommendations for clinicians and policy makers, and future research 

needs. The conclusions of the research are then discussed. References and Appendices follow the 

chapters. 
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CHAPTER 2: 

LITERATURE REVIEW 

2.1  Prelude to chapter 2 

Chapter 2 contains a systematic literature review completed as Phase 1 of the research 

project which has been published in a peer review journal (Safe et al., 2018). The published version 

is provided as Appendix A and is available online. This paper aimed to determine the types of motor 

skills that have been used as part of a Fetal Alcohol Spectrum Disorder (FASD) diagnostic 

assessment, and to guide the choice of motor assessment tools to use during Phase 2 of the 

research. This chapter also summarises key findings from the systematic literature review; reports 

relevance of findings to this thesis; and discusses additional literature related to the broader context 

of the thesis.  

 

2.2.  Published systematic literature review  

 

Title: Assessing motor skills to inform a Fetal Alcohol Spectrum Disorder diagnosis focusing on 

persons older than 12 years: A systematic review of the literature. 

 

Abstract 

Background: Motor impairments are one of the difficulties present in people prenatally exposed to 

alcohol and are included in the diagnostic criteria for Fetal Alcohol Spectrum Disorder.  

Objectives: The aim of this review was to examine the extent and common types of motor 

impairment present in persons aged over 12 years prenatally exposed to alcohol as evidence for 

determining the skills that should be assessed and addressed in intervention. 

Methods: A systematic review of current evidence using various electronic databases was 

conducted. Studies were appraised using a recognised clinical appraisal tool.  

Results: Seven studies published between 1998 and 2014 met the inclusion criteria. There is some 

evidence that difficulties with fine motor skills, visual motor integration, and balance skills persist in 

people who have been prenatally exposed to alcohol. Most studies did not focus on adolescent or 

adult participants in isolation, making it difficult to generalise results. Varied methodological designs 

made it difficult to compare studies as few used common standardised assessment tools. 

Conclusion: A review of functional difficulties in each individual would be required to determine if a 

motor assessment is warranted. Further research is required using assessment tools recommended 

in diagnostic guidelines to determine the common motor difficulties seen in adolescents and adults. 
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Keywords: Fetal Alcohol Spectrum Disorders, Motor Skill Disorders; motor skills; childhood 

development; adolescence 

 

Introduction 

Fetal Alcohol Spectrum Disorder (FASD) is a diagnostic term used to describe the lifelong 

neurological disability directly linked with exposure to alcohol in utero. A recently published 

systematic review and meta-analysis estimated that the global prevalence of FASD in the general 

population was 7.7 per 1000 people (Lange et al., 2017). In Australia FASD is thought to be 

underdiagnosed and reported; but estimates of Fetal Alcohol Syndrome (FASD with associated facial 

features) range from between 0.01 to 1.7 per 1000 live births (Burns, Breen, Bower, O' Leary, & 

Elliott, 2013). The first Australian prevalence study conducted in 2009 in a remote Western 

Australian community with known high levels of alcohol abuse, found 12% of the children assessed 

met criteria for Fetal Alcohol Syndrome (Fitzpatrick et al., 2015).  

People with FASD can exhibit a range of neurological impairments, which are linked to 

difficulties including poor school completion, increased contact with the criminal justice system, 

decreased independent living, mental health issues, and poor peer relationships (Clark, Lutke, 

Minnes, & Ouellette-Kuntz, 2004; Streissguth et al., 2004). The Australian criteria for a FASD 

diagnosis has been modified, and like the Canadian guidelines with which it harmonises, uses ‘FASD’ 

as a singular umbrella term (Bower & Elliott, 2016; Cook et al., 2016). The currently used Australian 

Guide to the Diagnosis of FASD characterises FASD as: confirmed prenatal alcohol exposure; the 

presence (or absence) of three facial features; and impairments across at least three neurocognitive 

domains of brain structure/neurology, motor skills, cognition, language, academic achievement, 

memory, attention, executive functions, affect regulation, adaptive behaviour, social skills or social 

communication. A diagnosis is defined as FASD with three sentinel facial features, or FASD with less 

than three sentinel facial features (Bower & Elliott, 2016). A multidisciplinary team of health 

professionals is required to assess all neurological domains. Previous diagnostic terms under the 

FASD umbrella were often related to the number of facial features seen, and included Fetal Alcohol 

Syndrome (FAS), partial Fetal Alcohol Syndrome (pFAS), Prenatal Exposure to Alcohol (PEA), Alcohol 

Related Neurodevelopmental Disorder (ARND), and Fetal Alcohol Effects (FAE). In the Diagnostic and 

Statistical Manual of Mental Disorders Fifth Edition (DSM 5), FASD currently falls under the 

diagnostic category of “Other specified neurodevelopmental disorder”; however 

Neurodevelopmental Disorder Associated with Prenatal Alcohol Exposure has been put forward as a 

condition for further study and consideration (American Psychiatric Association, 2013). In this 

review, all terms will be used interchangeably depending upon the terms used in the reported study.  
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The reported motor impairments associated with prenatal alcohol exposure include 

difficulties with speed, precision, tremor, postural stability, reaction time, bimanual coordination, 

visual motor integration, ataxia, and sensorimotor deficits noted as common difficulties (Adnams et 

al., 2001; Jirikowic et al., 2014; Roebuck, Simmons, Richardson, Mattson, & Riley, 1998; Roebuck-

Spencer, Mattson, Marion, Brown, & Riley, 2004). A diagnosis of cerebral palsy is reported to be a 

comorbidity in 2-10% of people diagnosed with FAS (Abel, 2010). Motor delays in children with FASD 

are thought to occur in isolation from the intellectual delays commonly reported (Kalberg et al., 

2006). Motor difficulties have been related to neurological damage to the corpus callosum, 

cerebellum, motor cortex, and the peripheral nervous system caused by prenatal alcohol exposure 

(Bookstein, Streissguth, Sampson, Connor, & Barr, 2002). Previous literature reviews have examined 

these motor difficulties in younger children, including Doney et al. (2014) who reviewed fine motor 

skills in primary school aged children prenatally exposed to alcohol, and found that more complex 

motor skills including visual motor integration which is controlled by multiple neural regions and 

pathways were more impaired, but that functional fine motor skills need further assessment and 

research. A meta-analysis by Lucas et al. (2014), reviewed the research concerning gross motor skills 

in children from birth to eighteen years old who were prenatally exposed to alcohol. They found that 

gross motor skills including balance, coordination, and ball skills were significant affected by prenatal 

alcohol exposure, and therefore should be included as part of a FASD diagnostic assessment.  

Motor skill development can be affected by multiple factors. A review by Golding, Emmett, 

Iles-Caven, Steer, and Lingam (2014) found that prenatal alcohol was a risk factor for delayed 

childhood motor performance. They also reported on studies, which used mixed reliability, other 

factors affecting a child’s motor development, including hereditary factors; exposure to toxic trace 

metals during pregnancy; prenatal drug use including cannabis; stress during delivery; preterm 

delivery, low birth weight or perinatal complications (Golding et al., 2014). When considering a FASD 

diagnostic assessment in an adolescent or adult, the drug use of the young person, or any history of 

head injuries also needs to be considered as a compounding factor impacting on neurological 

deficits (Bower & Elliott, 2016). 

Studies into the motor impairments seen in those diagnosed with Developmental 

Coordination Disorder (DCD), indicate that the daily impact of motor difficulties seen in childhood 

persist into adolescence and adulthood in approximately 50% of cases (Cousins & Smyth, 2003). It is 

thought that some people may have improved motor skills as a result of intervention in childhood, 

or after extensive practise. They may also have learnt compensatory strategies including avoiding 

certain tasks they find challenging, or modifying the environment to suit their needs (e.g. using a 

computer rather than handwriting) (Kirby, Edwards, & Sugden, 2011). It is unknown if this premise 
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would be similar in people with motor impairment and prenatal alcohol exposure as the aetiology. 

Motor impairments among adolescents have been correlated with secondary concerns 

including social skill problems, lower school achievement, decreased independence in daily living 

skills, reduced participation in sport and recreation, reduced employment rates, higher anxiety, and 

reduced self-esteem and self-worth (Eggleston, Hanger, Frampton, & Watkins, 2012; Hands et al., 

2015; Skinner & Piek, 2001). Motor skills are important to assess as they impact on a person’s 

functional performance and participation. 

In recent times, the profile of FASD has increased with growing awareness of its impact and 

prevalence. More funding is being invested into prevalence and intervention research and into 

establishing diagnostic clinics in Australia (Foundation for Alcohol Research and Education, 2015). As 

a result, it is possible that many people who previously could not access a diagnostic assessment, are 

now adolescents or adults. Therefore, it is important to know the level of motor impairment 

expected in these older populations to help determine whether an assessment is warranted. This 

information can help guide clinicians working in diagnostic teams, or who are providing intervention, 

about which assessment tools or outcome measures should be included in the therapeutic process. 

This review will investigate the extent and common types of motor impairment reported in 

persons aged over 12 years prenatally exposed to alcohol. A systematic review method was chosen 

to review and critically appraise the articles as it offers a transparent approach for minimising bias 

when selecting, appraising and extracting data from articles (Adam, Peters, & Chipchase, 2013). 

 

Methods 

Search strategy 

An initial search was conducted and included the following search terms: motor impairment, 

motor delay, motor coordination, fine motor, balance, gross motor, visual motor AND fetal alcohol 

spectrum, fetal alcohol disorder, FAS*. FAS* was used to include FAS and FASD in the search. Many 

irrelevant articles were discovered, and so the search strategy was refined in Medline and adopted 

for the other databases which included Medical Subject Heading (MeSH) terms. All publication dates 

were considered without a time restriction. Age ranges were included in the original search strategy 

but were eliminated to allow more studies to be included in the review. All studies were reviewed 

manually, and references were cross checked, with some relevant papers followed up and added.  

Databases that were accessed included Web of Knowledge, Ovid (Medline in-process, other 

non-indexed citations; Embase), EBSCOhost (Cumulative Index to Nursing and Allied Health 

Literature), The Cochrane Library, Google Scholar, and OT Seeker over August and September 2016. 

Hand searching was also conducted from references used in selected articles. The search was re-run 
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in September 2017, and no new articles were found. 

 

Figure One: Example of search strategy used in Medline 

 
Study selection 

Titles and abstracts were reviewed by the first author to determine their eligibility (see Table 

One for inclusion and exclusion criteria). Full text articles that were identified as eligible or unclear 

were retrieved and reviewed in full.  

 

Table One: Inclusion and exclusion criteria 

 Inclusion criteria Exclusion criteria 

Time No restriction 
Search concluded September 2016 

and re-run September 2017 

Age of 
participants 

Studies that included participants 12 

years and older  

Studies with only children younger 

than 12 years old 

Language English All other languages 

Participants Humans Animals 

Design 

RCTs 

Cohort Studies 

Case-Control studies 

Descriptive 

Reviews 

Case studies 

Prenatal 

alcohol 
Confirmed Not confirmed 

Motor 
assessment 

Direct assessment by clinician 

Published, commonly used 

standardised assessments 

Parent or other informant report 

Observational data 

Non-standardised or uncommonly 

used assessments (e.g. computer or 

robotic) 

1. Fetal Alcohol Spectrum Disorders/    
 
  

2. 
fetal alcohol syndrome.mp. [mp=title, abstract, original title, name of substance word, 
subject heading word, keyword heading word, protocol supplementary concept word, 
rare disease supplementary concept word, unique identifier]  

    

3. 1 or 2      

4. 

(motor impairment or motor skills or motor delay or fine motor or gross motor or visual 
motor).mp. [mp=title, abstract, original title, name of substance word, subject heading 
word, keyword heading word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier]  

    

5. Motor Skills Disorders/      

6. apraxias/ or apraxia, ideomotor/ or gait apraxia/      

7. 4 or 5 or 6      

8. 3 and 7      

9. limit 8 to (english language and humans)      
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The PRIMSA checklist was used to guide the literature review. A total of 215 articles were 

found using all databases, 83 were duplicates and removed. The remaining 132 (plus three that were 

added from reference lists of articles) were screened, and assessed for inclusion criteria based on 

the title, abstract or after reviewing the article in entirety. Articles were commonly excluded due to 

reasons of: absence of prenatal alcohol exposure; animal studies; literature reviews; intervention 

studies, studies referring to other prenatal drug exposures; assessments used that are not 

commonly available to clinicians (e.g., non-standardised robotic or computerised tasks); and 

participants not included in the age range for this review. The original inclusion criteria were solely 

participants over 12 years old; however, this only generated one study. As a result, the criteria were 

widened to include studies with participants older than 12 years but who also had some participants 

under this age. These studies were sorted manually. Following exclusion, seven articles remained 

that met the inclusion criteria.  

 

Figure Two: PRISMA flow diagram  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Adapted from: Moher, Liberati, Tetzlaff, Altman and the PRISMA group (2009) 

 

Data Analysis  

 

The seven articles that met the inclusion criteria were read and key data were extracted into 

tables. The primary outcomes that were measured included any type of motor function such as fine 

or gross motor coordination, bilateral coordination, balance, and motor speed. The National Health 
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and Medical Research Council (NHMRC) Evidence Hierarchy was used to guide the strength of the 

evidence (National Health and Medical Research Council, 2009). The McMaster University Critical 

Review Form- Quantitative Studies (Law et al., 1998), was used as the quality rating tool as is freely 

available, used across varied research areas to evaluate a range of research designs (e.g. Eagers, 

Franklin, Broome, and Yau (2016)). The data from the included articles was reviewed by an 

additional assessor. 
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Table Two: Review of articles 

Reference NHMRC 
Level of 

evidence 

Prenatal 
alcohol 

confirmation 

Motor 
Category 

Sample 
size 

Age range Were age 
ranges 

separated? 

Matched 
control 

Diagnoses studied Outcome measures Criteria 
met 

Tamana, Pei, 
Massey, 
Massey, and 
Rasmussen 
(2014) 

IV  yes visual motor; 
fine motor 

117 5-17:9 
years 

yes no, but 
norms 
used 

ARND (based on the 
Institute of Medicine 
Criteria -PAE and 
Significant impairment 
in a minimum of two 
areas) 

Hand Dynamometer 
(dominant); 
Finger Tapping 
(dominant); VMI; GPB 
(dominant) 

Yes 

Jirikowic et al. 
(2013) 
  

III-3 yes balance 20 8.0-15.9 
years 

no yes FASD (FAS, pFASD, 
static 
encephalopathy/alcoho
l-exposed, and 
neurobehavioral 
disorder/alcohol-
exposed) 

Clinical Strength, 
Range of Motion, and 
Posture Screen; 
MABC-2; SPM; 
Pediatric Clinical Test 
of Sensory Interaction 
for Balance-2;  
MABC-2 Checklist; 
DGI;  
MultiModal Balance 
Entrainment 
Response system 

Yes 

Vaurio, Riley, 
and Mattson 
(2011) 

III-3 yes visual motor; 
fine motor 

110 6-16 years no yes FAS and PAE VMI; GPB Yes 

Aragon et al. 
(2008) 

III-3 yes; but also 
20% reported 

some and 
infrequent 

alcohol use in 
the control 

group 

visual motor; 
fine motor 

55 7-17 years  no yes FASD and pFAS 
(modified Institute of 
Medicine Criteria used- 
number of neurological 
impairments required 
for diagnosis was not 
stated) 

GPB Yes 
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Connor, 
Sampson, 
Streissguth, 
Bookstein, and 
Barr (2006) 

III-3 and II yes fine motor, 
balance 

1) 
Longitu

dinal 
study = 

402  
2) 

Clinical 
sample 

= 90  

Longitudi
nal study: 

25-27 
years; 
Clinical 
sample: 
18-37 
years  

All older age 
range 

yes FAS, FAE, ARND DNCT; FS; HST; DB Yes 

Roebuck-
Spencer et al. 
(2004) 
 

III-3 yes bilateral 
coordination; 
visual motor; 
fine motor 

38 10-19 
years 

no yes PAE and FAS VMI; GPB (dominant); 
computerized version 
of the Bimanual 
Coordination Test  

Yes 

           

Mattson, Riley, 
Gramling, Delis, 
and Jones 
(1998) 

III-3 yes visual motor; 
fine motor 

50   
5-16 years  

no yes PAE and FAS VMI; GPB Yes 
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Results 

The search identified a total of 215 articles. Using the inclusion and exclusion criteria, seven articles 

were eligible for review. Details about each article were recorded including author, sample size, type 

of study, age of participants, NHMRC level of evidence, assessment tools used, and findings. Full 

details are presented in Table Two. 

 All studies apart from one used matched controls. The control group was usually matched 

on age, gender and ethnicity. One study aimed to determine if intellectual ability had an effect on 

motor performance, so the control group was matched for Intellectual Quotient (IQ) levels (Vaurio 

et al., 2011). Usually IQ was reported as lower in the prenatal alcohol exposed group; which is in line 

with research findings that on average, children with FASD have IQ ability in the low-average range 

(Streissguth, 2007).  

One study was a longitudinal study and compared motor performance in the same person 

when they were a child, and again when they were an adult (Connor et al., 2006). Five studies were 

case-control studies; and the remaining one was a cross-sectional design using normative data from 

standardised assessments (Tamana et al., 2014). There was only one study that focused solely on 

adolescent or adult participants. Six of the studies included younger children outside of the original 

inclusion criteria age range, and only one of these six analysed the participants for any age-related 

differences.  

Although some studies stated that information about additional prenatal toxic exposures 

was gathered during assessment, they did not report the prevalence or discuss this as a factor in the 

results. Only one study reported that the control group was exposed to cigarettes (11%) and 

marijuana (4%) during pregnancy (Vaurio et al., 2011). 

Most commonly used motor skill assessments included the Beery-Buktenica Test of Visual-

Motor Integration (VMI) (Beery & Beery, 2010) and Grooved Peg Board (GPB) (Matthews & Klove, 

1964). The Sensory Processing Measure (Parham, Ecker, Miller Kuhanek, & Glennon, 2007), 

Movement Assessment Battery for Children, Second Edition (MABC-2) - Parent Checklist (Henderson, 

Sugden, & Barnett, 2007), and Dynamic Gait Index (DGI) (Shumway-Cook & Woollacott, 2007) were 

used in one study. Often the research reported on motor assessments as secondary results, with the 

primary outcome focussing on other neurocognitive areas. 

Two of the studies found that only those with facial features commonly seen in people with 

FASD did significantly worse on the VMI and fine motor tasks compared to the control group 

(Connor et al., 2006; Mattson et al., 1998). However, other studies that separated the FASD group 

into different diagnostic categories depending on the number of facial features, found similar motor 

results between the different groups. This affirms that whether a person has the facial features 
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commonly seen in FASD or not, motor skills can still be affected by prenatal alcohol exposure.  

Results are reported for fine motor skills, visual motor integration and balance. 

 

Fine motor skills 

Mattson et al. (1998) reported that when 50 children and adolescents were assessed using 

the GPB (dominant hand), results were not significantly different between the control group and 

those diagnosed with PEA or FAS. However, when assessed using the GPB (non-dominant hand), 

results showed decreased speed (with a statistically significant difference) in both PEA and FAS 

groups compared with the control group. Aragon et al. (2008) had a similar sample size and age 

range, and also used the GPB to assess motor skills. Although GPB (non-dominant hand) scores were 

lower in the FASD group compared to the controls, the difference was not statistically significant. 

Important to note is that in this study approximately 20% of the control group’s mothers reported 

some alcohol consumption during pregnancy, which may have had an effect on the control 

participant’s neurological profiles. In a larger sample size (n=110) of 6-16 year olds with IQ matched 

controls, the GPB test results showed no significant difference between the FASD group and the 

control group’s performance (Vaurio et al., 2011). All three of the aforementioned studies included 

both younger children and adolescents with no indication of the number of children in each age 

group, or separation of any age groups for statistical analysis.  

Tamana et al. (2014) completed a cross-sectional study of 117 young people diagnosed with 

FASD, comparing groups within three different age ranges (5-8, 9-12, 13-17 years). No control group 

was included, but results were compared with available normative assessment data. Participants in 

the older group performed poorer than younger participants on the hand dynamometer (to assess 

hand strength), finger tapping (to assess fine motor speed), and GPB tasks. Connor et al. (2006) 

completed a longitudinal study of 402 participants (25-27 years old), alongside a clinical study of 

participants aged between 18-37 years old. In the clinical study, three-quarters of the subjects with 

FASD demonstrated more difficulties with motor function compared to the controls. People with 

FASD were less accurate and slower on a hand steadiness task. In the longitudinal sample, only 

subjects who had been identified in childhood as possibly having FAS (FASD with all three associated 

facial features) had difficulties with motor tasks, relative to comparison subjects. They concluded 

that those who were documented to be exposed to high levels of alcohol prenatally, and had other 

neurocognitive impairments, had motor deficits that persisted into adulthood.  

 

Visual motor integration 

Mixed results were reported for visual motor integration skills using the VMI assessment. 
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Vaurio et al. (2011) found a significant difference between results among the FASD group compared 

to cognitive matched controls. This aligned with results from Tamana et al. (2014) who also found 

that the VMI difficulties in participants with FASD were independent of cognitive functioning. In this 

study, the participants in the older age range who had FASD had more difficulty completing the VMI 

compared to younger participants. They concluded that deficits in visual motor abilities may become 

more obvious with age. However, as this was a cross-sectional, rather than longitudinal study these 

result needs to be interpreted with caution. Mattson et al. (1998) found that VMI results in the FAS 

group were significantly poorer than those of the control group. The PEA group did not perform as 

well as the controls but there was no statistically significant difference. They concluded that visual 

motor difficulties were poorer in those diagnosed with FAS. Roebuck-Spencer et al. (2014) assessed 

10-19 year olds and found that children with FASD were slower than the controls to compete the 

VMI assessment, but were equally accurate on basic visual motor tasks. They found no statistical 

differences between the age groups during analysis. 

 

Balance  

Jirikowic et al. (2013) assessed balance skills in 20 participants aged 8-16 years old. In 

standardised caregiver questionnaires (Sensory Processing Measure and Movement Assessment 

Battery for Children (MABC-2) - Parent Checklist), carers who had a child diagnosed with FASD 

identified more functional balance concerns. During a clinical balance test, children with FASD were 

more reliant on vision to support balance. There was a significant difference during the Dynamic Gait 

Index (DGI) test, with the children with FASD achieving lower scores; however, as this tool is not 

normed on this age range, it is unknown if the scores were clinically meaningful. No significant 

difference between groups was seen during the clinical balance tasks of the MABC-2. As the 

proportion of participants in different age groups was not documented, it is expected that the 

sample of adolescents was very small and results cannot be generalised.  

  Connor et al. (2006), in a larger, longitudinal study of adults, used the Dynamic Balance Test. 

They found that participants with FAE and FAS had poorer balance compared to the control group in 

the clinical study. FAE and FAS groups had similar balance scores. These results demonstrate that 

balance difficulties may persist into adulthood in those prenatally exposed to alcohol.  

 

Discussion 

The aim of this systematic review was to explore the available evidence for motor skill impairment 

and functioning in older children or adults who were prenatally exposed to alcohol. Although the 

focus was on adolescents or adults, only two of the seven studies analysed the results of this group 
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in isolation from results for children. As a result, it is difficult to make conclusions about motor skills 

in this population. Most studies excluded any prenatal alcohol exposure from control groups; 

whereas others included mothers who noted small amounts of alcohol consumption during their 

pregnancy. No studies discussed additional environmental risk factors for motor impairment during 

the prenatal period, birth or other lived experiences. Many FASD umbrella terms were considered. 

The varied diagnostic criteria and terms used between studies meant that comparing results to 

make definitive conclusions was difficult. Most studies relied on maternal disclosure of prenatal 

alcohol consumption quantity. The reliability of this information is likely questionable given the 

passage of time since pregnancy and the stigma associated with drinking alcohol during pregnancy 

leading to underreporting (Benz, Rasmussen, & Andrew, 2009). Details about alcohol quantity and 

timing during the prenatal period were not disclosed in the studies, so conclusions relating to this 

are not made in this review. 

The VMI and GPB were commonly used in the studies that were analysed. The VMI is 

commonly used clinically by occupational therapists or psychologists and is recommended in the 

Australian Guide to the Diagnosis of FASD (Bower & Elliott, 2016). The GPB test is available to 

clinicians, but norms are outdated, it is rarely used in isolation, and it is not recommended in the 

diagnostic guidelines. Along with the VMI, other assessment recommended by The Australian Guide 

to the Diagnosis of FASD include the MABC-2, or the Bruininks-Oseretsky Test of Motor Proficiency, 

Second Edition. No studies were found which used either of these assessments to determine a 

motor functioning score (with the exception of one which used the balance subtests of the MABC-2 

(Jirikowic et al., 2013). The motor tasks used and analysed in the identified studies would not be 

sufficient to assess a person for a motor impairment using these guidelines (Bower & Elliott, 2016), 

so the level of impairment may be underrepresented.  

One article included caregiver questionnaires to determine any difficulties with functional 

motor tasks (Jirikowic et al., 2013). Otherwise, no studies directly assessed functional motor tasks 

such as handwriting or self-care skills. Functional ramification of motor skill difficulties in 

adolescence or adults are poorly researched and understood. The Australian Guide to the Diagnosis 

of FASD (Bower & Elliott, 2016), is guided by best practice, and recommends occupational therapists 

or physical therapist be involved in the assessment of motor skills. However, no articles discussed 

whether these professionals were involved in the assessment; which questions the quality of the 

assessment and credibility of the reported result’s ability to draw conclusions about motor skills.  

Most studies assessed motor skills as part of a larger neurological assessment therefore 

weakening the statistical power of these studies to detect differences in motor functioning between 

the matched control groups. This limits the ability to make conclusions about clinical differences in 
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motor functioning between people who are prenatally exposed to alcohol, from those who have no 

exposure. 

There is some evidence that adolescents with FASD have difficulties with more complex 

motor tasks compared to control groups. For example, the non-dominant GPB test was more 

challenging, and difficulties with complicated shape copying during the VMI was seen in adolescent 

participants in some studies (Aragon et al., 2008; Mattson et al., 1998; Roebuck-Spencer et al., 

2004). This could explain why older children did not perform as well on the VMI as reported by 

Tamana et al (2014). Visual motor integration skills require aspects of executive functioning such as 

planning and problem solving. Executive functioning is thought to become more difficult for a person 

with prenatal alcohol exposure as they move into their adolescent years (Rasmussen & Bisanz, 

2009), so changes in visual motor integration may be in line with this finding. However, in another 

study, participants with FASD required longer to complete visual motor based tasks, but were 

equally accurate as the control group (Roebuck-Spencer et al., 2004). Research by Connor et al. 

(2006), and Tamana et al. (2014) showed that difficulties with fine motor speed and accuracy were 

still present in adolescents and adults, and therefore should be routinely assessed during a FASD 

assessment. When analysed, motor skill difficulties are seen independently of intellectual abilities, 

so should be tested in addition to cognitive assessment.  

However, other studies have shown that simple motor task difficulties seen in earlier 

childhood may diminish in adolescence (Simmons, Thomas, Levy, & Riley, 2010). Although animal 

studies were not considered in the inclusion criteria for studies in this review, this is supported by 

some rat studies that have shown that motor training can support neuroplasticity, and diminish the 

effects of prenatal alcohol exposure on motor skills (Klintsova, Goodlett, & Greenough, 2000; 

Klintsova, Matthews, Goodlett, Napper, & Greenough, 1997). Further studies in children using non-

standardised computer assessment have also shown that motor timing and motor reach accuracy 

difficulties diminish as a child gets older (Klintsova et al., 2000; Simmons, Levy, Riley, Madra, & 

Mattson, 2009). Adolescents with FASD required additional time to process increasing amounts of 

information, but the time required to elicit a motor response was similar to the performance of the 

control group; and older children were able to make straighter reaches than younger children 

compared with age matched control groups (Simmons et al., 2009). Motor skills, particularly 

balance, has been linked to poor sensorimotor processing (visual, vestibular, and somatosensory) for 

people affected by prenatal alcohol exposure (Roebuck et al, 1998). This aspect of motor function 

needs further exploration about whether these difficulties play a role in older childhood. 

Like research into DCD, it may be that the functional motor impairments seen after prenatal 

alcohol exposure become less problematic due to motor practise or utilisation of compensatory 
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strategies (Cousins & Smyth, 2003). As adolescents have had years of exposure to motor skill 

practise through everyday activities at school, play and recreationally, simple motor challenges seen 

in early childhood may be reduced. However, this is not consistently seen across all studies, and 

highlights the gaps in knowledge about the impact of age of motor skill development.  

 

Limitations 

There are limitations in this systematic literature review which make generalising the results 

to older children or adult cohorts with prenatal alcohol exposure difficult. These include the fact that 

only seven studies met the original inclusion criteria, and sample sizes were usually small in each 

study. As only one study was found that focused solely on children over 12 years old, it was 

necessary to expand the inclusion criteria to also include studies that had included participants who 

were younger than 12 years old. Selection bias was likely as most studies used convenient methods 

of recruitment through existing clinics. As FASD prevalence is low, seeking a random sample is 

difficult. Most studies did not separate an older childhood group from younger participants so it is 

difficult to make conclusions for adolescents and adults. The control group participants were 

sometimes exposed to alcohol prenatally which may have affected comparisons between the 

groups. Study populations may have been exposed to additional substances prenatally; but these 

results were not presented in the papers reviewed. 

As the research into FASD is relatively new, knowledge is evolving regularly, so comparing 

studies across the years is challenging. For example, the varied FASD diagnostic criteria employed in 

the selected studies. The fact that no study assessed functional motor skills, except one which 

included a caregiver questionnaire; and that the motor assessments were often not standardised or 

robust, suggests that motor impairments may be underestimated. Meta-analysis was not performed 

because the studies had a high degree of heterogeneity. Reporting bias may be present, as only 

those studies that demonstrated preferred effects may be published. However, no studies were 

found in unpublished grey literature. Larger cohort studies would be required to follow up young 

people with prenatal alcohol exposure, and determine how motor impairments develop through 

their lifetime.  

 

Conclusion 

This systematic review of the research literature regarding the motor profile of persons aged over 12 

years with FASD found limited reliable evidence to indicate what skills should be routinely assessed 

as part of a FASD assessment. The differences in study designs, varied diagnostic criteria and 

participant age ranges; as well as assessment tools with poor clinical application, meant that making 
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definitive conclusions about motor skills in older children with a history of prenatal alcohol exposure 

is impossible. There is conflicting research regarding whether the motor impairments commonly 

seen after prenatal alcohol exposure diminish or become more obvious with increasing age in 

childhood. It is likely that the level of motor impairment in older children and adult populations is 

different from that seen in younger children. Evidence suggests that visual motor integration, fine 

motor and balance skills may still be present, but need to be assessed on an individual basis, and 

potentially only when functional motor concerns are identified. 

As funding sources and public knowledge about FASD grows, many people may seek a 

diagnosis later in life, so an understanding of their expected motor profile is important to ensure 

accurate assessment and diagnosis. More research is needed using the new Australian Guide to the 

Diagnosis of FASD including assessing motor skills in older children and adult participants using 

recommended standardised assessments by relevant disciplines. As motor skills may affect a young 

person’s success at school, employment, recreation, and their social abilities, early assessment and 

intervention is critical. 

 

2.3  Key findings and relevance for thesis 

Several limitations were identified during this systematic literature review, which made 

drawing conclusions about the motor skills of adolescents with FASD or Prenatal Alcohol Exposure 

(PAE) problematic. These limitations included the different FASD diagnostic criteria employed across 

studies, and inconsistencies in the tools used to assess motor skills. Many of the motor assessment 

tools were outdated and not commonly used in clinical practice (for example the GPB). They are also 

not suggested in the Australian Guide to the Diagnosis of FASD (Bower et al., 2017). Additionally, it 

was not possible to analyse the research related only to the adolescent population because there 

was no research available that solely reported on the motor skills of this age group. Hence, the 

inclusion criteria were widened to include studies that included younger children if adolescent 

participants were also included in the study. The limited information related to the motor skills of 

adolescents with FASD and/or PAE justifies a need for research specific to this age group.  

There was some evidence that visual motor integration, fine motor skills, and balance 

remain impaired beyond childhood. In particular, visual motor integration skills may become more 

challenging in the adolescent years. For these reasons, it was decided to assess visual motor 

integration, fine motor skills, and balance in the participants enrolled in Phase 2 of this research. 

There was a wide range of assessment tools used in the studies analysed during the 

literature review. The VMI was the most commonly used assessment tool and consistently identified 

impairment in those with FASD. Therefore, it is included in the motor assessment battery used in 
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Phase 2 of this research. The literature review did not recommend or highlight any consistent 

additional motor assessment tools that should be used clinically, for research, or for FASD diagnostic 

purposes among an adolescent population. Determining additional assessment tools to measure fine 

and gross motor skills was therefore based on researching motor assessments suitable for 

adolescent population outside FASD literature, reviewing the research in younger age groups, and 

collaboration with experts who have conducted similar studies. 

 

2.4 Addendum to the systematic literature review  

In this section, additional information is reported in relation to motor skill impairment, the 

implications of motor skill difficulties, and interventions for individuals with impaired motor skills. 

This information aims to provide the reader with a broader understanding about the thesis topic, 

and an understanding of the existing limited evaluation of motor skills of people in the criminal 

justice system. 

2.4.1 Criminal justice and motor impairments. Scarce research was found related to motor 

impairment in criminal justice populations. One study used a motor skill screening tool (assumed to 

have been developed by the study author) and a handwriting skills assessment to determine the 

prevalence of dyspraxia (a term often used to define Developmental Coordination Disorder [DCD]) in 

a youth detention population in the United Kingdom. It reported that among 67 youth offenders 

assessed, 61% had dyspraxia, 48% of whom were severely affected (Portwood, 1999). However, this 

figure was likely inaccurate due to the use of basic motor screening tools with limited psychometric 

properties.  

There is growing support for the use of neurocognitive assessment screening prior to 

criminal sentencing or at admission to a correctional facility to enable better management, support 

and rehabilitation back into the community (Kirby & Saunders, 2015). A screening tool designed to 

be administered as an electronic self-report questionnaire was developed by Kirby and Rosenblum 

(2017) to determine if adults being admitted to correctional facilities in the United Kingdom are at 

risk a developmental disorder. The questionnaire includes 15 questions focused on motor difficulty. 

The data from the study are not publicly available, but one of the tool developers reported that it 

has been used with over 6,000 sentenced adults, and motor difficulties were not higher than that of 

the general population (estimated at approximately 6% in the United Kingdom (Portwood, 1996)). 

(A. Kirby, personal communication, November 10, 2016). 

A systematic review analysed the prevalence of neurodevelopmental disorders among 

young people in secure estates, including youth justice (Hughes, Williams, Chitsabesan, Walesby, & 

Mounce, 2012). The review identified higher prevalence rates of neurodevelopmental disorders, 
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including learning disabilities, dyslexia, communication disorders, Attention Deficit Hyperactivity 

Disorder, Autism Spectrum Disorder, and Fetal Alcohol Syndrome, compared to the general 

population (Hughes et al., 2012). Although dyspraxia was mentioned in their definition of a specific 

learning difficulty, rates were not reported on in the review because no studies were identified that 

reported only dyspraxia or motor impairment (N. Hughes, personal communication, November 2, 

2016). 

  An additional systematic literature review analysed the rates of traumatic brain injuries 

among young offenders in custody using ten published studies (Hughes et al., 2015). Results 

indicated that the rates of traumatic brain injuries among youth offenders were significantly higher 

than that of the general population. The prevalence of any type of head injury (including without 

experiencing loss of consciousness) was reported to be as high as 71% (Hughes et al., 2015). Motor 

difficulties are often a side effect of brain injury. For example, in a cohort study that followed 102 

participants with severe head injuries, a third of participants experienced a neuromotor 

abnormality, such as gait difficulties, two years after their injury (Walker & Pickett, 2007). These 

studies suggest that head injuries, and associated potential motor difficulties, could be common 

among the BHDC population. 

2.4.2 Motor impairment implications. Little research exists on the implications of impaired 

motor skills with PAE as the aetiology. However, research has examined the outcomes of people 

with poor motor skills or those with DCD. Motor impairment has been associated with physical and 

mental health concerns including higher anxiety, and psychosocial implications including poorer 

social skills, lower participation and involvement in sport and recreation, poorer educational 

outcomes, and reduced employment (Hands et al., 2015).  

Poorer motor competence has been shown to have an effect on physical health outcomes. 

This includes higher body mass index (Cantell, Crawford, & Doyle-Baker, 2008; Hands & Larkin, 

2006), increased body fat and lower cardiovascular fitness (Faught, Hay, Cairney, & Flouris, 2005), 

and poorer cardiorespiratory endurance, muscular strength, and flexibility (Hands & Larkin, 2006). 

Qualitative research suggests that young people with motor difficulties avoid physical education 

classes at school, and recreational activities that have a physical component, which may be a causal 

reason for the aforementioned physical health concerns (Fitzpatrick & Watkinson, 2003; Kirby et al., 

2011). 

Mood and mental health concerns associated with motor skill difficulties have also been 

researched. Findings have included lower self-esteem, lower self-worth, and higher levels of anxiety 

and depressive symptoms in those with DCD compared to control groups (Cantell, Smyth, & Ahonen, 

1994; Hill & Brown, 2013; Skinner & Piek, 2001). Self-worth and anxiety, along with lower perceived 
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social support were reported to be more problematic in an adolescent group than in a younger 

group (Skinner & Piek, 2001). Social isolation and difficulties with social participation were reported 

in a qualitative study of participants with DCD (Kirby et al., 2011). 

Motor development difficulties are linked with educational concerns. Cantell, Smyth, and 

Ahonen (2003) reported that participants with DCD had lower school completion rates, and poorer 

academic outcomes when they were 17 years old. Participants also reported lower academic 

ambition (Cantell et al., 1994). Difficulties with handwriting seem to persist and cause functional 

concerns for people with DCD undertaking higher education (Kirby, Sugden, Beveridge, Edwards, & 

Edwards, 2008). 

Motor impairment that is identified at an early age may not persist into adulthood. Some 

studies have reported that the daily impact of motor difficulties observed in children with DCD only 

persist into adolescence and adulthood in approximately 50% of cases (Cousins & Smyth, 2003). 

Some people may improve their motor skills as a result of therapeutic intervention in childhood, or 

following extensive practise of a skill. It is also possible that people with DCD may learn 

compensatory strategies such as avoiding tasks they find challenging, or modifying the environment 

to suit their abilities, such as using a computer rather than handwriting (Kirby et al., 2011).  

2.4.3 Motor impairment interventions. Although research is growing about interventions 

and therapy options for individuals with FASD and PAE, little research has been undertaken on 

intervention options to improve their motor performance specifically. Some early work is being 

undertaken on the use of virtual reality computer technology to improve balance associated with 

sensorimotor difficulties in children with FASD (Jirikowic, 2015). Rat studies have shown that motor 

training can support neuroplasticity, and improve motor skills that have been impacted on by PAE 

(Klintsova, Goodlett, & Greenough, 2000; Klintsova, Matthews, Goodlett, Napper, & Greenough, 

1997). However, generally human research in the area of motor skills associated with FASD has 

focused more on understanding and highlighting these motor difficulties.  

Intervention approaches for motor impairment seen in DCD, although still being developed, 

has been more widely researched. A review of the literature into intervention approaches by 

Polatajko and Cantin (2005) included two treatment perspectives for children with DCD: 1) Deficit-

oriented perspectives that aim to reduce impairment and restore function at a neurological or 

musculoskeletal level. These methods are considered to be an outdated way of supporting children 

with motor impairments (Polatajko & Cantin, 2005). They are usually very time and resource 

intensive. Evidence that these types of approaches lead to increased performance or participation in 

daily activity is limited (Polatajko & Cantin, 2005); and 2) Task-oriented perspectives are based on 

increasing an individual’s activity in a challenging task and improving their overall participation. 
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These approaches are based on theories of motor control, motor learning, and dynamic systems 

theory that include working across the systems of body, task, and environment. Intervention 

includes task-specific approaches (e.g. improving skills through practise and environmental 

modification), school-based intervention programs, and the Cognitive Orientation to Daily 

Occupational Performance (CO-OP) approach (Polatajko, Mandich, Miller, Macnab, & Kinsella, 2000). 

The CO-OP approach utilises verbal self-guidance and an individual’s problem-solving capacity to 

modify their environment and the task they are completing to improve motor-skill acquisition and 

increase their participation (Polatajko et al., 2000). Developing compensatory strategies such as 

using technology to make difficult tasks easier are types of task-oriented perspectives. Stronger 

evidence is available for these approaches as treatment options for young people with motor 

impairment seen in DCD (Polatajko & Cantin, 2005). It is unknown if similar therapeutic approaches 

would translate to improved motor skill performance for young people diagnosed with FASD, who 

often have additional neurocognitive impairments including attention, language, and executive 

functioning which may have an impact on skill acquisition. 
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CHAPTER 3:  

RESEARCH MATERIALS AND METHODS 

3.1 Prelude to chapter 3 

Chapter 3 details the materials and methods used throughout Phase 2 of this study. It 

includes the ethical considerations, the research setting, assessment tools, motor impairment 

criteria, the assessment process, and the statistical analysis employed. This chapter expands on the 

results paper presented in Chapter 5. Further details about the protocol and methodology used in 

the Banksia Hill Detention Centre (BHDC) Fetal Alcohol Spectrum Disorder (FASD) prevalence study is 

presented in Appendix B.  

 

3.2 Ethical considerations 

  Ethics approval for the BHDC FASD prevalence study was granted by the Western Australian 

Aboriginal Health Ethics Committee and The University of Western Australia Human Research Ethics 

Committee. Research approval has been granted by the Department of Corrective Services Research 

Ethics Committee and the Department of Child Protection and Family Support. The research 

reported in this thesis did not gather new information beyond the original ethics application, so an 

ethics amendment was not required. 

A research officer obtained written parental consent after each young person volunteered 

to participate in the FASD prevalence study. The thesis author informed the participants of the time 

commitment prior to starting the motor assessment, and verbal consent was gained again from the 

participant. Assessments were scheduled so as not to interrupt important activities the young 

person was involved in, and assessments were rescheduled if requested. The young person and/or 

their carer were able to withdraw their consent at any stage.  

Risks to the young person’s emotional state were considered, including identifying a motor 

impairment where concerns did not originally exist. Management strategies were provided verbally 

and in the written report. Participants were referred to community services if follow up support was 

required. Feedback forms were offered to all participants if they wanted to express concerns 

following completion of the assessments. 

 

3.3 Research setting  

BHDC is the only youth detention centre in Western Australian (WA) and is located 

approximately 26km from the Perth CBD. Young people aged from 10-17 years, including males and 

females, are detained and sentenced in the centre and previously resided in metropolitan, regional, 
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or remote areas of WA. Between 2015 and 2016 the average daily population at BHDC was 133 

young people (Department of Corrective Services, 2016).  

The motor assessments were undertaken in a building within BHDC called the Admissions 

Unit. The young people were escorted to the assessment room, often from the detention centre 

school, by a youth custodial officer. The room allocated for the assessments had a clear glass wall 

with a view to the hallway, which created some visual distractions at times. For security reasons, the 

assessments were viewed on CCTV by a youth custodial officer outside the room, although support 

was never required. One young person required a youth custodial officer to remain in the room to 

provide supervision for safety reasons. 

 

3.4 Motor assessment tools 

A literature review and consultation with other national and international professionals 

working in the FASD field was completed to choose the motor assessment battery. Based on 

population data from BHDC, it was known that approximately 75% of the study participants would 

be of Aboriginal Australian background. There are no standardised motor assessment tools that have 

been normed with Aboriginal Australian populations. A review by Thorley and Lim (2011) discussed 

the importance of cultural considerations when planning occupational therapy assessments. The 

authors suggest using informal, functional based tasks in the person’s usual environment. This was 

not possible as the research protocol needed to be consistent and based on standardised 

assessments to determine a motor impairment according to the FASD diagnostic guidelines. Along 

with this, the environment at BHDC is not the young persons’ usual residence. However, assessment 

tools were chosen to be as culturally appropriate as possible. For example, assessments were chosen 

that included demonstration to supplement verbal instruction to overcome any language barriers 

and possible hearing impairments. The assessment tools which were selected as being most 

appropriate are listed in Table Three.  
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Table Three: Tools used to assess motor function 

 

A pilot study was completed where 10 young people were assessed to determine the 

suitability of the assessment battery. All motor assessment tools were trialled during the pilot study, 

Instrument, 
Developers, year 

Age range Components Scores/descriptors Psychometrics 

Movement 
Assessment 
Battery for 
Children 2nd 
edition (MABC-2), 
Age Band 3, 
Henderson, 
Sugden, & 
Barnett, 2007 
 

3-16 years 
11 months 
old 

Subtests: 
Fine motor 
coordination: pegboard 
(dominant and non-
dominant hands), 
construction, and pencil 
control task. 
 
Aiming and catching: 
throwing and catching a 
tennis ball against a wall 
(one hand at a time), 
and aiming and 
throwing at a target on a 
wall. 
 
Balance skills: balance 
on a beam, walking 
backwards along a line, 
and hopping. 

Subtest and  
Total Movement 
Score. 
Standard scores, 
percentiles, and 
interpretation using a 
traffic light system 
with <5th percentile= 
‘red zone’ (significant 
movement difficulty); 
5th-15th percentile = 
‘amber zone’ (at risk of 
a movement 
difficulty), and >15th 
percentile = ‘green 
zone’ (no movement 
difficulty detected) 
(Henderson et al., 
2007, p. 176). 

Standardised, and 
norm-referenced. 
 
Internal reliability 
(α = 0.90) and 
test-retest 
reliability for the 
total score are 
high (ICC = 0.97) 
(Wuang, Su, & Su, 
2012) 
 
The assumption 
was made that the 
tool would be 
sensitive enough 
to detect motor 
impairment in 
participants up to 
17 years and 11 
months old 

Beery-Buktenica 
Developmental 
Test of Visual-
Motor 
Integration 6th 
edition, Beery & 
Beery, 2010 

2-99 years 
old 

The Beery Buktenica 
Developmental Test of 
Visual-motor Integration 
(VMI) Subtests:  
Visual Perception (VP)  
Motor Coordination 
(MC). 

Standard scores, 
percentiles and 
descriptive categories 
based on standard 
scores: < 70 = ‘very 
low’, 70–79 = ‘low’, 
80–89 = ‘below 
average’, 90–109 = 
‘average’, 110–119 = 
‘above average’, 120–
129 = ‘high’, and >129 
= ‘very high’ (Beery & 
Beery, 2010, p. 94) 

Standardised, and 
norm-referenced. 
 
Strong validity, 
including 
concurrent validity 
(r =0.52 0.75 with 
three similar 
assessments) 
(Beery & Beery, 
2010) 
Sound content 
reliability, test-
retest reliability, 
and inter-rater 
reliability (Beery & 
Beery, 2010). 

Handwriting 
screen 

N/A Free-writing and copying 
task 

Observations 
recorded: handwriting 
legibility, pencil grasp, 
handwriting speed, 
fatigue, pen pressure, 
sizing and spacing. 
Results based on 
observations and 
clinical judgement. 

Non-standardised 
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and no changes were required. The assessment results from these 10 participants were included in 

the full analysis and results of this thesis.  

 

3.5 Developing a motor impairment criterion 

Motor impairment is one of the ten neurodevelopmental domains that are assessed as part 

of a FASD diagnosis. For diagnostic criteria to be met, a minimum of three of the ten domains need 

to be impaired (Bower et al., 2017). Thus, motor impairment does not necessarily need to exist for 

an individual to be diagnosed with FASD. The main focus of the occupational therapy assessment for 

this research project was to determine if a participant had a motor impairment. The Australian 

Guide to the Diagnosis of FASD stipulates the use of standardised assessment tools when available.  

The specific motor skill criterion in the guide can be found in Figure Three. Operational definitions 

for defining a motor impairment incorporating the assessment tools used during Phase 2 of this 

research was developed prior to commencing the study. These are presented in Figure Four. 
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Figure Three: Motor skills based on the Australian Guide to the Diagnosis of FASD  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NB: Taken from Bower and Elliott (2016, pp. 22-23) 
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For this study, an impairment in motor skills was confirmed when a participants’ scores on 

the standardised assessments were ≤-2 Standard Deviations (SD) below the mean, along with clinical 

judgment. It is important to note that a score below the 5th percentile (-1.6SD) is considered a 

significant motor impairment in the MABC-2 assessment manual and would identify a need for 

intervention supports (Henderson et al., 2007).  

 

Figure Four: Operational definitions to define a motor impairment 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.6 Assessment process 

The multidisciplinary team included an occupational therapist (the author of this thesis), a 

paediatrician, a speech pathologist, and neuropsychologist trainees (supervised by a qualified 

neuropsychologist). The thesis author was responsible for administering and scoring standardised 

assessments to determine if the participants had a motor skill impairment.  

The motor assessment took approximately one hour. Tasks were completed in the same 

order with all participants, alternating between table-top and active gross motor tasks. In most 

cases, the motor assessments were completed in one sitting. However, in some instances when 

fatigue or inattention was a concern, the assessment was continued on a different day. 

A motor impairment will be attributed if any of the following criteria are met: 
• Total motor score in the MABC-2 is ≤-2 SDs, or 
• If one of the subtests in the MABC-2 (Manual Dexterity, Aiming and Catching, or Balance) is ≤-

2 SDs, or 
• If one of the subtests in the MABC-2 (Manual Dexterity, Aiming and Catching, or Balance) is ≤-

1.5 SD AND other clinical signs are present as determined by the occupational therapist or 
paediatrician (e.g. handwriting difficulties or decreased pencil control), or 

• VMI score is ≤-2 SDs, AND clinical signs are present as determined by the occupational 
therapist or paediatrician OR Motor Coordination, Manual Dexterity, Balance, or Aiming and 
Catching subtests ≤-1 SD need to be present, or 

• Motor Coordination subtest of the VMI ≤-2 SDs, AND clinical signs as determined by the 
occupational therapist or paediatrician OR another motor subtest (from the VMI or MABC-2) 
is ≤-1.5SDs. 

NB: Difficulties cannot be better explained by executive functioning or attention or impulsivity 
impairment based on clinical judgement from the multidisciplinary team. 
 
Abbreviations: 
MABC-2= Movement Assessment Battery for Children-2  
SD= Standard Deviation 
VMI= Beery-Buktenica Developmental Test of Visual-Motor Integration  
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The assessment scores should be interpreted with caution because they may not be a true 

reflection of a participant’s true strengths and difficulties, as performance can be impacted by many 

factors including motivation fatigue, stress levels, or medication. The testing situation was not a 

participant’s usual environment, as it is essentially distraction-free, and 1:1 instruction is provided. 

All of these factors were taken into account and recorded before interpreting the scores including 

determining if a participant met criteria for having a motor impairment. Inter-rater reliability was 

established, by having an experienced occupational therapist observe two complete assessments 

that were administered by the thesis author. Both therapists independently scored the assessments. 

No discrepancies were identified between the two assessors’ scores and interpretation. 

A research officer completed interviews with the young people and their caregivers to 

gather relevant background information, including asking about Prenatal Alcohol Exposure (PAE). 

The clinical team were blinded to PAE prior to assessing the young person, which minimised bias 

during assessments and score interpretation. Following all clinical assessments, the multidisciplinary 

team met to discuss results, determine if FASD diagnostic criteria were met, and formulate a 

management plan for each young person. A participant’s PAE, and available developmental or health 

background information was discussed during this meeting. The young person and their caregiver 

received assessment feedback via a written report, either in person or via telephone with a member 

of the clinical team.  

 

3.7 Statistical analysis 

Results were collated using a database developed for the FASD prevalence research project. 

The motor assessment scores were exported to IBM SPSS Statistics for Windows version 24.0. All 

data analysis was conducted by the thesis author, with support from the project statistician. Further 

details of the statistical analysis can be found in the Methods section of the submitted manuscript in 

Chapter 5.  
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CHAPTER 4: PREVALENCE OF MOTOR SKILL IMPAIRMENT AMONG YOUTH IN A WESTERN 

AUSTRALIAN DETENTION CENTRE  

4.1 Prelude to chapter 4 

Chapter 4 reports the prevalence of motor impairment determined during Phase 2 of the 

study. It provides the rates of motor impairment in the study population, as well as in groups 

according to Fetal Alcohol Spectrum Disorder (FASD) diagnosis and Prenatal Alcohol Exposure (PAE) 

status. A comparison of these results to the previous published literature, and the implications of 

the results are discussed. 

 

4.2 Methods 

The Australian Guide to the Diagnosis of FASD (Bower et al., 2017) was used to develop a 

criterion for determining the presence of a motor impairment. Operational definitions incorporating 

the motor assessments used in this study (Figure Four, Chapter 3), were developed based on these 

Guidelines, following review of previous published research, and in consultation with other 

professionals. 

Participants completed approximately one hour of motor assessment. Motor impairment 

was determined based on the assessment score cut-offs and confirmed as accurate interpretation 

during the multidisciplinary team meeting. Once all participants completed the assessments, 

statistical analyses were conducted. This included analysis of the total population, and groups based 

on FASD diagnosis (No-FASD and FASD groups), and PAE (No-PAE and PAE groups). The Chi-Square 

Test of Independence and Phi effect size (0.1 a small effect, 0.3 a medium effect, and 0.5 a large 

effect) was used to examine the association between impairment rates, PAE and FASD diagnosis. An 

alpha of 0.05 was set as the significance level for the analyses.  

 

4.3 Results 

A total of 99 young people agreed to participate in the study, however only 98 completed all 

motor assessments. One participant from the original sample of 99 participants did not complete all 

assessments; and a decision about whether they had a motor impairment could not be determined. 

This participant was in the PAE and FASD groups and was removed from the sample, leaving a final 

sample of n=98 for these results. 

The rates of motor impairments in this study population are presented in Table Four. Total 

population results indicated that 30% of participants met criteria for having a motor impairment. In 

the group diagnosed with FASD, 51% met criteria for having a motor impairment. This is significantly 

more than those in the No-FASD group, where 17% met criteria for having a motor impairment (p 
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<0.001 and medium-large effect size). A higher proportion of participants with impairment levels 

were seen in the PAE group (39%) compared to the No-PAE group (23%); however, these differences 

were not considered significant (p=0.1; small effect size). Two participants (15%) with unknown 

levels of PAE had a motor impairment.  

 

Table Four: Rates of motor impairment in the total population and groups based on FASD and PAE  

 

 

 

 

4.4 Discussion and conclusion 

This paper identified motor impairment levels in 30% of participants, and 51% among 

participants with FASD. The findings from this study are slightly different to those reported by Bower 

et al. (2018), from which the participants in this paper are drawn. Bower et al. (2018) reported 

motor impairment in the FASD group as 50%, as opposed to 51% in these results. The one 

participant who did not complete enough assessments to determine whether they had a motor 

impairment was considered to not have a motor impairment by Bower et al. (2018). Therefore, the 

sample in the Bower et al. (2018) paper had 99 participants, with 50% of those with FASD having a 

motor impairment.  

The rate of motor impairment in the total population is very high compared to normative 

data. The 30% of participants who met criteria for having a motor impairment, performed in the 

lowest two percent of the population according to normative data, in one or more standardised 

motor assessments. Highest difficulties were seen in the FASD group, with over half of the group 

assessed as having a motor impairment. This group had significantly more difficulties compared to 

the No-FASD group. The PAE and No-PAE groups had higher level of impairment compared to 

normative data, however, differences between these groups were not significant (39% and 23% 

respectively, p=0.1). This suggests that motor impairments were more likely to be a concern in 

young people who had FASD and therefore additional neurocognitive impairments; rather than PAE 

alone. This correlated with a cohort study by Connor et al. (2006) who concluded that it was more 

NB: ‘No-FASD’ group includes n = 13 young people with unknown PAE who are not included in the 
No PAE/PAE groups. They are also included in the Total population statistic. 
Effect size= Phi: 0.1 is considered a small effect, 0.3 a medium effect and 0.5 a large effect. 
p value= Pearson chi square 
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common for their study participants with FASD to have motor deficits that persisted into adulthood, 

as opposed to participants with PAE but no FASD diagnosis.  

Similar studies researching motor impairments in correctional settings have not been 

conducted for the conclusions from this study to be compared with. This current study used multiple 

assessment tools to determine if a participant had a motor impairment, including assessing visual-

motor integration as recommended in the Australian Guidelines to the Diagnosis of FASD (Bower et 

al., 2017). Previous studies in correctional settings have not used these assessment tools, and 

comparisons are therefore not possible.  

A previous study conducted in a non-custodial in the Kimberley region of WA (Lucas et al., 

2016) reported the motor impairment of a population-based sample of 7-9 year olds (n=108). This 

study reported the total motor composite score of the Bruininks–Oseretsky Test of Motor 

Proficiency, Second Edition (BOT-2) (Bruininks & Bruininks, 2009). Researchers found that 9.5% of 

those with FASD and 3.3% of those with PAE (but not FASD) had a motor impairment based on a 

score of ≤-2SD below the mean. No participants in the groups without FASD or PAE met the criteria 

for having a motor impairment (Lucas et al., 2016). If considering only the Total Motor Score from 

the Movement Assessment Battery for Children, Second Edition (MABC-2) (Henderson et al., 2007) 

in the current study, we would see lower rates of motor impairment in the FASD group, with 8.6% 

scoring ≤-2SD below the mean; but higher rates in the PAE group with 6.5% of participants scoring ≤-

2SD below the mean. Based solely on the Total Motor Score from the MABC-2, this study found 

higher rates of motor impairment in the No-FASD group (3.2%) and No-PAE group (5.1%) compared 

with the Lucas et al. (2016) study, suggesting that aside from PAE, additional factors may contribute 

to motor difficulties in this population. There are mixed results for the convergent validity of the 

BOT-2 and MABC-2 (Lane & Brown, 2015). In adolescent age groups, the BOT-2 and MABC-2 have 

been shown to provide comparable conclusions about a person’s motor performance. However, in 

younger age groups the BOT-2 is thought to detect motor difficulties more accurately when 

compared with the MABC-2 (Lane & Brown, 2015). For these reasons, conclusions about any age 

related differences are not possible. 

Despite the difficulties comparing these study results with any previous studies, the high 

rates of motor impairment in this study population are compelling. Even in participants without PAE, 

motor skill difficulties were more common than in a normative sample. Analysis of additional 

aetiologies is important. Further research and analysis of the functional implications of these motor 

skill difficulties is recommended.  
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CHAPTER 5:  

A COMPARISON OF THE MOTOR SKILLS OF YOUNG PEOPLE IN A YOUTH DETENTION 

CENTRE WITH DIAGNOSED FETAL ALCOHOL SPECTRUM DISORDER, PRENATAL ALCOHOL 

EXPOSURE, AND A REFERENCE POPULATION 

 

5.1 Preamble to chapter 5 

Chapter 5 details an analysis of the motor assessment results of Phase 2 of the study, 

including the whole study sample, and among groups based on Fetal Alcohol Spectrum Disorder 

(FASD) and Prenatal Alcohol Exposure (PAE). Comparisons of motor scores and impairment rates 

between groups based on FASD and PAE is provided. This chapter has been submitted for 

publication in a peer-reviewed journal. At the time of thesis completion, the article is under review.  

  

5.2 Paper submitted for publication 

 

Title: A comparison of the motor skills of young people in a youth detention centre with diagnosed 

Fetal Alcohol Spectrum Disorder, prenatal alcohol exposure, and a reference population 

 

Abstract 

Background: Motor skill difficulties are commonly experienced by people prenatally exposed to 

alcohol and are included in the diagnostic criteria for Fetal Alcohol Spectrum Disorder (FASD). 

Impaired motor skills are correlated with lower school completion rates, reduced recreational 

participation, and mental health and social issues. Visual-motor integration is a core skill for 

academic skills such as handwriting. 

Aims: to assess and characterise motor performance in young people in an Australian youth 

detention centre and explore the relationship between motor skills, FASD and Prenatal Alcohol 

Exposure (PAE). 

Methods and Procedures: Participants completed the Movement Assessment Battery for Children, 

Second Edition (MABC-2), Beery-Buktenica Developmental Test of Visual-Motor Integration (VMI) 

including its associated subtests, and a handwriting screen.  

Outcomes and Results: Ninety-nine young people (n=47 PAE; n=36 FASD) with a mean age of 16 

years were assessed. There was an association between a FASD diagnosis and lower scores on the 

VMI (p=0.005). Participants with FASD and PAE had higher impairment levels on the VMI compared 

to the No-PAE group. Mean MABC-2 scores were within age expected levels across all groups. More 

fine motor skill difficulties were observed compared to gross motor skill difficulties. Handwriting 
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skills were below age expected levels in 84% of participants. Those in the PAE and FASD groups had 

more difficulty with letter formations and spatial awareness. 

Conclusions and Implications: Visual-motor integration and handwriting skills were often impaired in 

this population. Lower VMI scores were more prevalent in participants diagnosed with FASD, and 

therefore should be routinely assessed as part of a diagnostic assessment. Assessment of fine and 

gross motor skills enabled recommendations for intervention support that address deficits and build 

upon strengths. Further research is needed to confirm these results using larger populations, and to 

investigate possible confounding factors associated with high VMI and handwriting difficulties in this 

population. 

Keywords: fetal alcohol spectrum disorder, motor impairment, motor development; 

adolescence, youth detention. 

 

What this paper adds 

This paper is the first to report comprehensive standardised motor assessment results in a 

youth detention centre population in Australia and internationally. The range of motor skill strengths 

and difficulties in young people within a youth detention population with a high prevalence of FASD 

is highlighted. The results add to the growing evidence that PAE has an impact on a person’s 

functional motor skills. Visual-motor integration skills were a common difficulty in this population. 

VMI should be routinely assessed and considered as part of ongoing management in adolescents 

with FASD, and in youth detention because of its link to functional tasks including academic 

performance, and for vocation planning.  

Although in this study there was no association found between fine motor assessment 

scores and PAE, there was a weak association between fine motor skills and FASD. Along with this, 

there were higher than expected rates of fine motor impairment across the study group. Therefore, 

fine motor assessment is warranted when assessing for FASD, but also in youth detention 

populations, to ensure those with a fine motor impairment are provided with intervention to 

support their functional goals. Gross motor strengths in this group may correlate with evidence that 

difficulties decline in later childhood in people with PAE. This study highlights the need for further 

investigation into the value of these gross motor skills as a strength during intervention planning in 

FASD and youth justice populations. 
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Introduction 

Fetal Alcohol Spectrum Disorder (FASD) is a developmental disability that occurs as a result of 

alcohol exposure in utero (Stratton, Howe, & Battaglia, 1996). FASD presentation is variable 

between people, but diagnosis in Australia is based on assessment for three distinct facial features; 

and impairments across three or more domains of neurocognitive functioning including brain 

structure/neurology, motor skills, cognition, language, academic achievement, memory, attention, 

executive functions, affect regulation, adaptive behaviour, and social skills or social communication 

(Bower et al., 2017). The Australian Guide to the Diagnosis of FASD refers to ‘FASD’ as a singular 

diagnostic term with two subcategories; FASD with 3 facial features, and FASD with less than 3 facial 

features (Bower et al., 2017). 

A recently published systematic review and meta-analysis estimated that the global 

prevalence of FASD in the general population was 7.7 per 1000 people (Lange et al., 2017). A study 

in a youth detention centre in Western Australia, from which this study population is drawn, 

reported the prevalence of FASD to be 36% (Bower et al., 2018). Popova, Lange, Bekmuradov, Mihic, 

and Rehm (2011) estimated that people with FASD were 19 times more likely to be incarcerated 

over their lifetime. Other reported secondary outcomes for those with FASD include mental health 

diagnoses, lower school completion rates, drug and alcohol misuse, dependence on support with 

daily living skills, challenges with ongoing employment, and poor protective behaviours (Clark et al., 

2004; Streissguth et al., 2004).  

Motor skills is one domain of brain function routinely assessed as part of a FASD diagnostic 

investigation (Bower et al., 2017). Motor skills are defined as a combination of fine motor, gross 

motor, and visual-motor integration. Fine motor skills include manipulating small objects through 

the use of precision, dexterity, and coordination (Jennett, 2008). Gross motor skills include large 

muscle groups working to create whole body movements such as hopping, jumping and running 

(Jennett, 2008). Visual-motor integration skills involve the left and right brain hemispheres 

communicating, to take in and evaluate visual information, and plan and perform a motor output in 

response (Schneck, 2010). Neurological damage caused by Prenatal Alcohol Exposure (PAE) to the 

corpus callosum, cerebellum, motor cortex, and the peripheral nervous system is thought to have an 

effect on motor skill development including fine motor, balance and visual-motor integration 

(Adnams et al., 2001; Bookstein et al., 2002; Jirikowic et al., 2014; Roebuck et al., 1998; Roebuck-

Spencer et al., 2004). 

Research into Developmental Coordination Disorder (DCD) suggests that motor skill 

difficulties may reduce or change throughout the lifetime due to structural changes at the 

neurological and musculoskeletal level, use of compensatory strategies (e.g. computer instead of 
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handwriting), mastery after persistent practise, and avoidance of challenging tasks (e.g. team sports) 

(Hands et al., 2015). It is unknown whether potential changes would be similar for those with motor 

impairments that are a result of PAE. Some research indicated that motor impairments related to 

PAE became more pronounced with the child’s age (Connor et al., 2006; Tamana et al., 2014); while 

others found that motor impairments observed in early childhood diminished in the adolescent 

years (Simmons et al., 2010). 

Previous research into the motor skills among older populations diagnosed with FASD has 

included a longitudinal study that followed 402 people with PAE into adulthood. Researchers found 

that when participants reached 25 years of age, only those who were documented to be exposed to 

high levels of alcohol, and had multiple neurocognitive impairments, had persistent motor deficits 

(Connor et al., 2006). The adults with a FASD diagnosis had poorer balance compared to their 

younger selves, indicating that balance may be an ongoing concern into adulthood (Connor et al., 

2006). In other studies, visual-motor integration skill deficits appeared to persist or worsen as 

children became older (Mattson et al., 1998; Tamana et al., 2014; Vaurio et al., 2011). In terms of 

fine motor skills, Tamana et al. (2014) reported that those in an adolescent age group performed 

more poorly than younger participants on hand strength, fine motor speed and coordination 

assessments. Other studies have not found significant differences between the fine motor skills of 

adolescent participants diagnosed with FASD compared to matched control groups (Aragon et al., 

2008; Mattson et al., 1998; Vaurio et al., 2011). Some of these previous studies used motor 

assessments not commonly used in clinical practice, and with weak psychometric properties; 

therefore, they may not provide an accurate representation of motor difficulties in an adolescent 

population with PAE or FASD (Safe et al., 2018). 

No studies were found that documented the handwriting skills of adolescents with FASD or 

PAE. Two studies reported higher levels of handwriting difficulties in younger children diagnosed 

with FASD or who had PAE compared with typically developing children (Doney et al., 2016a; Duval-

White, Jirikowic, Rios, Deitz, & Carmichael Olson, 2013). 

In addition to PAE, a systematic review found that motor difficulties were linked with other 

causes including hereditary factors, prenatal cannabis exposure, and perinatal complications 

(Golding et al., 2014). There is also evidence that childhood trauma impacts on a child’s health, 

development and neurocognitive outcomes including motor skills (Norman et al., 2012; Rutter & 

Rutter, 1998). A recent review article found that childhood trauma coupled with exposure to alcohol 

in utero may have a compounding effect on neurological outcomes (Price, Cook, Norgate, & 

Mukherjee, 2017).  
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There is limited research into the motor deficits of young people residing in detention 

settings. One study reported the prevalence of dyspraxia to be as high as 61% in a sample of 67 

youth offenders (Portwood, 1999). However, this figure was likely inflated due to results obtained 

using now outdated and simple screening testing tools.  

Motor impairments have been associated with psychosocial factors including poorer social 

skills, lower participation and involvement in sport and recreation, reduced employment, higher 

anxiety, and reduced self-worth (Hands et al., 2015). The mixed and limited information available 

about the motor skill difficulties experienced by adolescents prenatally exposed to alcohol indicates 

a need for more detailed research. This is the first study to assess functional motor skills using 

standardised assessments in a correctional setting.  

The aim of this study was to investigate the fine and gross motor, and visual-motor 

integration skills of young people living in a youth detention centre and to determine if these skills 

were comparable between those with PAE, those without PAE, those with a FASD diagnosis, and 

those without a diagnosis.  

Results from this study could be used to inform whether motor impairments should be 

routinely assessed as part of a FASD diagnostic assessment in adolescents, and to improve the 

management of young people with a FASD diagnosis through targeted interventions that use 

identified strengths and areas of difficulty to support functional outcomes.  

 

Methods 

Participants 

This paper reports the motor skill assessment data from the Banksia Hill Detention Centre 

FASD Prevalence Study conducted between May 2015 and December 2016, in Perth, Western 

Australia (Bower et al., 2018). Banksia Hill Detention Centre is the only youth detention centre in 

Western Australia, with young people from metropolitan, regional and remote areas of the state 

being detained or sentenced there. Study participation was voluntary, with eligibility open to 

sentenced young people aged between 10 years and 17 years and 11 months of age. Recruitment 

was conducted by a research officer. Written parental consent was obtained after a young person 

had voluntarily agreed to participate. The research officer completed interviews with the young 

people and their caregivers to gather relevant background information; including information about 

PAE, school attendance, and health and development history. This information was disclosed to the 

clinical team at the conclusion of the assessments to minimise bias. Further details about 

recruitment and participation can be found in the Banksia Hill FASD Study prevalence paper (Bower 

et al., 2018) and methodology paper (Passmore et al., 2016). 
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Ethics approval for the FASD prevalence study was granted by the Western Australian 

Aboriginal Health Ethics Committee and The University of Western Australia. Research approval was 

granted by the former Department of Corrective Services Research and Evaluation Committee and 

the Department of Child Protection and Family Support. 

 

Instruments 

Based on population data from the detention centre, it was known prior to the study that 

approximately 75% of the study participants would be of Aboriginal Australian background. There 

are no motor assessments normed with Aboriginal Australian populations, so considerations were 

needed to ensure the assessments chosen would be as culturally appropriate as possible. This 

included reviewing previous studies conducted in similar populations. All motor assessments were 

administered and scored by a registered occupational therapist. Assessments included the 

Movement Assessment Battery for Children (MABC-2) (Henderson et al., 2007), the Beery Buktenica 

Developmental Test of Visual-motor Integration (VMI) and its associated Visual Perception (VP) and 

Motor Coordination (MC) subtests (Beery & Beery, 2010), and a handwriting screen. See Table Four 

for details of these assessments. The research officer categorised prenatal alcohol consumption 

using modified questions from the Alcohol Use Disorders Identification Test−Consumption (AUDIT-

C). This is a standardised and validated measure to assess self-reported alcohol consumption during 

pregnancy from the birth mother, another proxy of the participant, or other documented evidence 

(Bush et al., 1998). Based on AUDIT-C scores, prenatal alcohol consumption was categorised as ‘no 

exposure’, ‘confirmed’, and ‘confirmed-high risk’. 
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Table Three: Tools used to assess motor function 

 

 

 

Instrument, 
Developers, year 

Age range Components Scores/descriptors Psychometrics 

Movement 
Assessment 
Battery for 
Children 2nd 
edition (MABC-2), 
Age Band 3, 
Henderson, 
Sugden, & 
Barnett, 2007 
 

3-16 years 
11 months 
old 

Subtests: 
Fine motor 
coordination: pegboard 
(dominant and non-
dominant hands), 
construction, and pencil 
control task. 
 
Aiming and catching: 
Throwing and catching a 
tennis ball against a wall 
(one hand at a time), 
and aiming and 
throwing at a target on a 
wall. 
 
Balance skills: balance 
on a beam, walking 
backwards along a line, 
and hopping. 

Subtest and  
Total Movement 
Score. 
Standard scores, 
percentiles, and 
interpretation using a 
traffic light system 
with <5th percentile= 
‘red zone’ (significant 
movement difficulty); 
5th-15th percentile = 
‘amber zone’ (at risk of 
a movement 
difficulty), and >15th 
percentile = ‘green 
zone’ (no movement 
difficulty detected) 
(Henderson et al., 
2007, p. 176). 

Standardised, and 
norm-referenced. 
 
Internal reliability 
(α = 0.90) and 
test-retest 
reliability for the 
total score are 
high (ICC = 0.97) 
(Wuang, Su, & Su, 
2012) 
 
The assumption 
was made that the 
tool would be 
sensitive enough 
to detect motor 
impairment in 
participants up to 
17 years and 11 
months old 

Beery Buktenica 
Developmental 
Test of Visual-
motor Integration 
6th edition, Beery 
& Beery, 2010 

2-99 years 
old 

The Beery Buktenica 
Developmental Test of 
Visual-motor Integration 
(VMI) Subtests:  
Visual Perception (VP)  
Motor Coordination 
(MC). 

Standard scores, 
percentiles and 
descriptive categories 
based on standard 
scores: < 70 = ‘very 
low’, 70–79 = ‘low’, 
80–89 = ‘below 
average’, 90–109 = 
‘average’, 110–119 = 
‘above average’, 120–
129 = ‘high’, and >129 
= ‘very high’ (Beery & 
Beery, 2010, p. 94) 

Standardised, and 
norm-referenced. 
 
Strong validity, 
including 
concurrent validity 
(r =0.52 0.75 with 
three similar 
assessments) 
(Beery & Beery, 
2010) 
Sound content 
reliability, test-
retest reliability, 
and inter-rater 
reliability (Beery & 
Beery, 2010). 

Handwriting 
screen 

N/A Free-writing and copying 
task 

Observations 
recorded: handwriting 
legibility, pencil grasp, 
handwriting speed, 
fatigue, pen pressure, 
sizing and spacing. 
Results based on 
observations and 
clinical judgement. 

Non-standardised 
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Procedure 

The motor assessment took place in a room within the detention centre and lasted for 

approximately one hour. If required or requested, a break was offered. Whenever possible, 

assessment tasks were completed in the same order with all participants, alternating between 

tabletop and gross motor tasks.  

The Australian Guide to the Diagnosis of FASD classifies motor skills as impaired if 

standardised assessment z-scores are ≤-2 Standard Deviations (SD) from the mean (Bower et al., 

2017). This study used the MABC-2 and the VMI scores to make this determination.  

 

Data analysis 

Statistical analysis was completed using IBM SPSS Statistics for Windows version 24.0. 

Where data were found to be approximately normally distributed, motor assessment subtest 

standard scores were described using means, SDs, ranges and 95% Confidence Intervals (CI). 

Independent samples t-tests were used to examine differences between motor assessment scores 

among participants who were exposed to PAE (PAE group) and not exposed to PAE (No-PAE group), 

as well as those who were diagnosed with FASD (FASD group) and those not diagnosed with FASD 

(No-FASD group). Participants with unknown PAE were excluded from the PAE analysis, and the PAE 

group included those with confirmed and confirmed-high risk scores based on the AUDIT-C results. 

Cohen’s d was completed to calculate the effect size, with 0.2 being considered a small effect size; 

0.5 a medium effect size; and 0.8 a large effect size (Cohen, 1977). 

The percentage of participants who reached the level of impairment (z-score ≤ -2SD) were 

calculated. In addition, a score below the 5th percentile for the Total Test Score of the MABC-2 

indicates a “significant movement difficulty” (Henderson et al., 2007, p. 176); and the number of 

participants below this score in the MABC-2 Total Test Score and subtests was also calculated. The 

Chi-Square Test of Independence and Phi effect size (0.1 a small effect, 0.3 a medium effect and 0.5 

a large effect) was used to examine the association between impairment, PAE and FASD diagnosis. 

An alpha of 0.05 was used for all analyses.  

 

Results 

A total of 99 young people participated in the FASD and motor assessment process. Two participants 

did not complete the motor assessment in full; however, the subtests that were completed were 

included in the subtest analysis.  
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Table Five: Participant characteristics 

  
Total Group 
(N=99)  

No-FASD 
(N=63) FASD (N=36) 

 

   n% n% n%  
Age (mean and range) 
years   16 (13-17) 16 (13, 17) 15 (13, 17) 

 

Gender  Male 92 (92.9) 58 (92.1) 34 (94.4)  

Last geographical location Metropolitan 50 (50.5) 41 (65.1) 9 (25.0)  

  Regional or Remote 49 (49.5) 22 (34.9) 27 (75.0)  

Ethnicity  Australian Aboriginal 73 (73.7) 39 (61.9) 34 (94.4)  

Responsible Adult Parent 62 (62.6) 43 (68.3) 19 (52.8)  

  Other family guardian 24 (24.2) 12 (19.0) 12 (33.3)  

  
Department of Child 
Protection 13 (13.1) 8 (12.7) 5 (13.9) 

 

Last school year 
completed Below Year 7 10 (10.1) 4 (6.3) 6 (16.7) 

 

  Year 8-9 49 (49.5) 32 (50.8) 17 (47.2)  

  Year 10-12 34 (34.3) 25 (39.7) 9 (25.0)  

 Unknown 6 (6.1) 2 (3.2) 4 (11.1)  

Handedness Right  86 (86.9) 54 (85.7)  32 (88.9)   

PAE None 39 (39.4) 39 (61.9) 0 (0)  

  Unknown 13 (13.1) 13 (20.6) 0 (0)  

  Confirmed 19 (19.2) 5 (7.9) 14 (38.9)  

  Confirmed- high risk 28 (28.3) 6 (9.5) 22 (61.1)  

Head Injuries 
Difficulties consistent 
with 40 (40.4) 23 (36.5) 17 (47.2) 

 

Motor skill domain  Impaired* 29 (29.3) 11 (17.5) 18 (50.0 )  

IQ <= 70 24 (24.2) 9 (14.3) 15 (41.7)  

 
*Based on FASD diagnostic guidelines of scores below -2SD on standardised testing of motor skills 
 
Participant characteristics 

The participant characteristics are presented in Table Five. Participants were aged from 13 

to 17 years old, with a mean age of 16 years. Approximately half of the participants came from 

metropolitan areas. Of the participants, 73 self-identified as being Aboriginal Australian.  

An intelligence quotient score (IQ) score at or below 70 determined during neuropsychology 

testing was seen in 24% of all participants, and 42% of participants with FASD. Of the total 

participants, 47% were exposed to alcohol prenatally, with over half of those being in the ‘confirmed 

high risk’ category. PAE was unknown for 13 participants. All participants who met criteria for a FASD 

diagnosis (N=36) had less than three sentinel facial features. 
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Motor assessment results 

The motor assessment results can be found in Tables Six and Seven, where the total sample, 

PAE group, and FASD group results are provided and compared. Impairment levels across the total 

sample and each group are presented and compared in Table Eight. 
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Table Six: Comparison of motor skills between young people with and without PAE; and with and without FASD 

  Total Sample PAE vs No-PAE FASD vs No-FASD 
  Standard Score 

Mean (SD) 
95% CI (DF, t) Diff in means 

(95%CI)  
p value and 
Effect Size 
(Cohen's D) 

Diff in means 
(95%CI)  

p value and 
Effect Size 
(Cohen's D) 

MABC Subtest 
Manual Dexterity 7.9 (3.0) 7.4, 8.5 (DF=98, t=26.5)  -0.1 (-1.4, 1.3) 0.9, 0.02 0.6 (-0.6, 1.9) 0.3, 0.2 

Aiming and Catching(a) 11.9 (2.2) 11.5, 12.4 (DF=97, t=53.4)  -1.0 (-1.9, -0.1) 0.04, 0.5 -0.4 (-1.3, 0.6) 0.4, 0.2 

Balance(a) 9.1 (2.5) 8.6, 9.6 (DF=97, t=35.0)  0.6 (-0.6, 1.7)    0.3, 0.2 0.9 (-0.1, 2.0) 0.09, 0.4 

Total Motor Score(a) 9.1 (2.5) 8.6, 9.6 (DF=97, t=35.8)  -0.2 (-1.4, 0.9) 0.7, 0.09 0.6 (-0.4, 1.7) 0.2, 0.2 

Beery VMI Subtest 
Visual-motor Integration 78.3 (13.7) 75.5, 81.0 (DF=98, t=56.9) 6.0 (-0.1, 12.0) 0.05, 0.4 7.9 (2.4, 13.4)      0.005, 0.6 

Visual Perception 85.5 (13.2) 82.9, 88.1 (DF=98, t=64.7) 4.7 (-0.9, 10.4) 0.1, 0.4 4.7 (-0.7, 10.1) 0.09, 0.4 

Motor Coordination 79.7 (11.9) 77.3, 82.0 (DF=98, t=66.9) 1.0 (-4.1, 6.1) 0.7, 0.08 3.0 (-2.0, 7.9) 0.2, 0.2 

Handwriting (b) 
      PAE vs No-PAE FASD vs No-FASD 
  n (%)   Chi Square 

(Pearson) 
Effect size 
(Phi) 

Chi Square 
(Pearson) 

Effect size 
(Phi) 

Overall handwriting below 
average 

81 (84.0) 
 

0.2 0.2 0.3 0.1 

Difficulties with: 
   

  
 

  

Legibility 56 (57.7) 
 

0.8 0.03 0.4 0.08 

Speed 44 (45.4) 
 

0.1 0.2 1 0.005 

Letter Formations 29 (29.9) 
 

0.002 0.3 0.003 0.3 

Pencil Grasp 38 (39.2) 
 

0.1 0.2 0.2 0.1 

Pencil Pressure 17 (17.5) 
 

0.8 0.04 0.5 0.06 

Spatial Awareness 34 (35.1) 
 

0.04 0.2 0.04 0.2 

Literacy(c) 17 (17.5) 
 

0.7 0.04 0.6 0.05 

Other 13 (13.4)   0.8 0.03 0.8 0.02 
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 ‘No-FASD’ group includes n = 13 young people with unknown PAE who are not included in the No PAE, PAE 
groups. 
Effect size (Cohen's D): 0.2 = 'small' effect size, 0.5 = 'medium' effect size and 0.8 = 'large' effect size. 
Phi effect size:0.1 = ‘small’ effect, 0.3 = ‘medium’ effect and 0.5 = ‘large’ effect. 
The Beery VMI, Visual Perception, and Motor Coordination standard scores have a mean = 100, SD = 15. 
The Movement ABC subtests have a mean = 10, SD = 3  
(a) Aiming and Catching, Balance, and Total Motor Score: missing data n = 1  
(b) Handwriting: Missing data n = 2 
(c) Literacy: difficulties with spelling and/or reading identified informally during the assessment. 
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Table Seven: No-PAE/PAE and No-FASD/FASD motor assessment results 

  No PAE (N=39) PAE (N=47) No-FASD (N=63) FASD (N=36) 

  Standard Score 
Mean (SD) 

95% CI Standard Score 
(Mean, SD) 

95% CI Standard Score 
(Mean, SD) 

95% CI Standard Score 
(Mean, SD) 

95% CI 

MABC Subtest 
Manual Dexterity 7.9 (3.3) 6.8, 9.0 8.0 (2.9) 7.1, 8.8 8.2 (3.1) 7.4, 8.9 7.6 (2.9) 6.6, 8.5 

Aiming and Catching (a) 11.1 (2.2) 10.4, 11.8 12.1 (2.0) 11.5, 12.7 11.8 (2.3) 11.2, 12.3 12.1 (2.1) 11.4, 12.9 

Balance (a) 9.4 (2.5) 8.6, 10.2 8.8 (2.6) 8.1, 9.6 9.5 (2.4) 8.9, 10.1 8.5 (2.7) 7.6, 9.5 

Total Motor Score(a) 8.9 (2.5) 8.1, 9.7 9.1 (2.7) 8.3, 9.9 9.4 (2.4) 8.8, 10.0 8.7 (2.7) 7.8, 9.7 

Beery VMI 
VMI 81.1 (14.0) 76.6, 85.7 75.2 (14.0) 71.1, 79.3 81.1 (12.2) 78.1, 84.2 73.3 (14.9) 68.2, 78.3 

Visual Perception 87.5 (12.0) 83.7, 91.4 82.8 (14.0) 78.7, 86.9 87.2 (12.1) 84.2, 90.3 82.5 (14.5) 77.6, 87.4 

Motor Coordination 80.4 (11.8) 76.6, 84.2 79.4 (11.8) 76.0, 82.9 80.7 (11.8) 77.8, 83.7 77.8 (12.0) 73.7, 81.8 

Handwriting (b) 
  n (%)   n (%)   n (%)   n (%)   
Overall handwriting below 
average 

29 (74.4) 
 

39 (86.7) 
 

50 (80.6) 
 

31 (88.6)   

Difficulties with:   
 

  
 

  
 

    

Legibility 23 (59.0) 
 

25 (55.6) 
 

34 (54.8) 
 

22 (62.9)   

Speed 13 (33.3) 
 

22 (48.9) 
 

28 (45.2) 
 

16 (45.7)   

Letter Formations 5 (12.8) 
 

20 (44.4) 
 

12 (19.4) 
 

17 (48.6)   

Pencil Grasp 11 (28.2) 
 

20 (44.4) 
 

21 (33.9) 
 

17 (48.6)   

Pencil Pressure 8 (20.5) 
 

8 (17.8) 
 

12 (19.4) 
 

5 (14.3)   

Spatial Awareness 9 (23.1) 
 

20 (44.4) 
 

17 (27.4) 
 

17 (48.6)   

Literacy(c) 5 (12.8) 
 

7 (15.6) 
 

10 (16.1) 
 

7 (20.0)   

Other 6 (15.4)   6 (13.3)   8 (12.9)   5 (14.3)   



 47 

‘No-FASD’ group includes n = 13 young people with unknown PAE who are not included in the No PAE, PAE groups. 
Effect size (Cohen's D): 0.2 = 'small' effect size, 0.5 = 'medium' effect size and 0.8 = 'large' effect size. 
Phi effect size:.1 = ‘small’ effect, .3 = ‘medium’ effect and .5 = ‘large’ effect. 
The Beery VMI, Visual Perception, and Motor Coordination standard scores have a mean = 100, SD = 15. 
The Movement ABC subtests have a mean = 10, SD = 3   
(a) Aiming and Catching, Balance, and Total Motor Score: Missing data n = 1 
(b) Handwriting: Missing data n = 2 
(c) Literacy: difficulties with spelling and/or reading identified informally during the assessment 
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Table Eight: Impairment levels in the total sample, No-PAE/PAE and No-FASD/FASD groups 

  Total 
Sample 
(N=99) 

No-PAE 
(N=39) 

PAE  
(N= 47) 

P-
value 

Effect 
size 

No-FASD 
(N=63) 

FASD 
(N=36) 

P-
value 

Effect 
size  

  n (%) n (%) n (%)     n (%) n (%)     
MABC-2 Subtest                   

Manual Dexterity     
  

  
    

<-2SD 11 (11.1) 6 (15.4) 4 (8.5) 0.3 0.1 7 (11.1) 4 (11.1) 1 0 

<5th% 21 (21.2) 8 (20.5) 12 (25.5) 0.6 0.06 10 (15.9) 11 (30.6) 0.09 0.2 

Aiming and Catching (a)     
  

  
    

<-2SD 0 0 0 n/a n/a 0 0 n/a n/a 

<5th% 0 0 0 n/a n/a 0 0 n/a n/a 

Balance (a)     
  

  
    

<-2SD 1 (1) 0 1 (2.2) 0.4 0.1 0 1 (2.9) 0.2 0.1 

<5th% 6 (6.1) 1 (2.6) 5 (10.9) 0.1 0.2 1 (1.6) 5 (14.3) 0.01 0.3 

Total Motor Score (a)     
  

  
    

<-2SD 5 (5.1) 2 (5.1) 3 (6.5) 0.8 0.03 2 (3.2) 3 (8.6) 0.2 0.1 

<5th% 8 (8.2) 4 (10.3) 4 (8.7) 0.8 0.03 4 (6.3) 4 (11.4) 0.4 0.09 

Beery VMI                   

VMI: <-2SD 24 (24.2) 8 (20.5) 14 (29.8) 0.3 0.1 11 (17.5) 13 (36.1) 0.04 0.2 

Visual Perception: <-2SD 13 (13.1) 4 (10.3) 8 (17.0) 0.4 0.1 7 (11.1) 6 (16.7) 0.4 0.08 

Motor Coordination: <-2SD 22 (22.2) 6 (15.4) 12 (25.5) 0.2 0.1 11 (17.5) 11 (30.6) 0.1 0.2 

 
Effect size= Phi: .1 is considered a small effect, .3 a medium effect and .5 a large effect. 
p value= Pearson chi square 
(a) Aiming and Catching, Balance, and Total Motor Score: Missing data n = 1 



 49 

Fine motor skills. In the whole sample and among groups based on PAE and FASD diagnosis, 

the mean MABC-2 Manual Dexterity standard scores were within the average range compared to 

normative data. The total group mean standard score was 7.9 (95% CI= 7.4-8.5), which is at the 

lower end of the average range. The No-FASD and FASD groups had similar mean standard scores; as 

did the PAE and No-PAE groups. Eleven participants in the study scored within the impaired range 

(≤-2SD from the mean); however, no association was found between impairment rates and PAE or 

FASD. A significant movement difficulty (<=5th percentile) was seen in 21 study participants. This 

was more common in the FASD group, with 31% of those with a diagnosis reaching this level; as 

opposed to 16% of those without FASD. However, there was only a weak association between FASD 

and Manual Dexterity scores (p=0.09). 

Handwriting. Difficulties with handwriting were common across all groups. In the total 

participant group, 84% of participants were below expected levels for their handwriting abilities. 

There was no evidence of an association between overall handwriting ability and PAE or FASD.  

When specific handwriting skills were analysed; difficulties recorded in the total participant 

group in order of prevalence were legibility (58%), handwriting speed (45%), pencil grasp (39%), 

spatial awareness (35%), letter formations (30%), and pencil pressure (18%). Other areas of concerns 

were noted in 13% of participants (e.g. pain, fatigue, limited detail, and hypermobility). Quadropod 

and cross thumb pen grasps were commonly noted. There was an association with medium effect 

size both in the PAE and FASD groups with letter formation, with 49% of participants in the FASD 

group, and 44% in the PAE group having recorded difficulties (p=0.002 PAE/No-PAE groups, and 

p=0.003 FASD/No-FASD groups). There was also an association with small effect size between spatial 

awareness and both the PAE and FASD groups; with 49% in the FASD group, and 44% in the PAE 

group having recorded difficulties (p=0.04 PAE/No-PAE groups, and p=0.04 FASD/No-FASD groups). 

Across other handwriting skill areas, the groups appeared to have similar abilities. See Figure Five for 

handwriting samples. 
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Figure Five: Handwriting samples 

 
 

Aiming and catching. Within the total participant group, none of the participants scored 

below the impairment level of ≤ -2SD or ≤5th percentile for the MABC-2 Aiming and Catching 

subtest. The total study group mean standard score was 11.9, and scores in all groups based on PAE 

and FASD were within the age appropriate range compared to normative data. The PAE group (mean 
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score= 12.1) performed better than the No-PAE group (mean score= 11.1) with a medium effect size 

(p=0.04). A diagnosis of FASD was not associated with Aiming and Catching scores in this participant 

group (p=0.4).  

Balance. MABC-2 Balance mean standard scores in all groups were within the age expected 

range compared to normative data; the mean standard score for the total participant group was 9.1. 

One participant, who was in the FASD group, recorded a score below the impairment level. Although 

mean standard scores were lowest in the FASD and PAE groups, there was no evidence of a strong 

association between Balance scores and a FASD diagnosis or PAE in this study population (p=0.09 

and 0.3 respectively). More participants recorded Balance scores in the significant movement 

difficulty range (≤5th percentile) in the FASD group (14% of participants) compared to the No-FASD 

group (2% of participants), with a small effect size (p=0.01).  

Total motor score. The mean Total Motor score combines scores from the Manual Dexterity, 

Balance, and Aiming and Catching subtests of the MABC-2. The mean standard scores were similar 

between groups, and were within the age expected range compared to normative data. Five 

participants in the total participant group recorded scores in the impaired range for their overall 

motor score, three of these were from the FASD group. Eight participants in the total group had 

significant movement difficulty (≤5th percentile); 50% of these had a FASD diagnosis. The rates of 

impairment and significant movement difficulties were similar across all groups. 

Visual-motor integrations skills. In the total participant group, the VMI mean standard score 

was 78.3 (95%CI= 75.5, 81.0), and in the ‘low’ clinical range according to the test criteria (Beery & 

Beery, 2010, p. 94), with 24 participants scoring in the impaired range (≤-2SD). The No-PAE group 

had a higher mean standard score (81.1) compared to the PAE group (75.2), with a small effect size 

(p=0.05). The percentage of participants in the impaired range was higher in the PAE group 

compared to the No-PAE group (30% and 20% respectively), but this was not significant (p=0.3). 

There was an association between VMI scores and a FASD diagnosis, with a medium effect 

size. This was noted when comparing the No-FASD (73.3) and FASD (81.1) groups mean standard 

scores (p=0.005), and when comparing the proportion of those who scored in the impaired range 

(p=0.04). An impaired VMI score was observed in 36% of participants with FASD, compared to 18% 

of participants without a diagnosis. The mean standard score for the PAE and FASD group was in the 

‘low’ clinical range, compared with the No-PAE and No-FASD groups in the ‘below average’ range. 

The total participant group mean standard score was 85.5 for the VP subtest, which is in the ‘below 

average’ clinical range. Although the mean standard score in the FASD group (82.5) was lower than 

the No-FASD group (87.2); both of these scores were in the ‘below average’ clinical range, and there 

was only weak evidence of an association between FASD and VP scores (p=0.09).  
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The mean standard score for the MC subtest was in the ‘low’ clinical range for the total 

study population. The FASD group had the lowest mean standard score of 77.8 however, the scores 

were similar between all groups. There was weak evidence of higher rates of MC impairment for the 

FASD group compared to the No-FASD group (31% and 18% respectively; p=0.1). 

 

Discussion 

Visual-motor integration was the most common area of difficulty for this study group. In this study, 

the PAE and FASD groups had more participants with impaired VMI scores (30% and 36% 

respectively) compared with the No-PAE and No-FASD groups (21% and 18% respectively). This adds 

to the body of evidence that visual-motor integration skills are likely to be affected by PAE. This 

study indicates that having a diagnosis of FASD (with more neurocognitive impairments present) is 

associated with more prevalent impairment of visual-motor integration skills.  

The VMI impairment levels in this study were higher than a population-based study, which 

assessed a younger population of 108 children in a remote Aboriginal community in Western 

Australia using the VMI (Doney, Lucas, Watkins, et al., 2016b). The authors found that no child with a 

diagnosis of FASD, and only one child with PAE scored ≤-2SD on the VMI. The mean participant 

standard scores in the FASD and PAE groups were 84 and 87 respectively (both ‘below average’ 

clinical range) (Doney et al., 2016b). The VMI scores in this current study are lower, with the FASD 

and PAE group means in the ‘low’ clinical range. This provides evidence to suggest that the gap in 

visual-motor integration skills may widen with increasing age, which was similarly reported by 

Tamana et al. (2014).  

Difficulties during the VMI were common in all participant groups. This may reflect the 

complex neurocognitive profiles such as executive functioning impairments reported in 78% of 

participants in this youth detention study population (Bower et al., 2018). Executive functioning 

elements such as working memory and monitoring have been previously associated with visual-

motor integration (Memisevic & Sinanovic, 2013). Other factors such as lived and intergenerational 

trauma, low school attendance levels, additional prenatal drug exposures, personal drug misuse, and 

head trauma histories, which were present for many young people in this study population, may also 

have impacted on the participant’s performances. Due to the small sample sizes, we could not 

statistically control for these potential confounders. 

Separate assessment of visual perception and motor coordination components enabled 

identification of the main contributor leading to difficulties with visual-motor integration. In this 

study group, the MC subtest scores were lower when compared to the VP subtest. This may indicate 

that VMI differences are not due to visual perception in isolation; but likely due to the motor 
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coordination component of visual-motor integration, or the integration of both the visual perception 

and motor coordination systems. However, the MC scores were not strongly associated with a FASD 

diagnosis or PAE. Similarly, there was no association between FASD or PAE and VP scores.  

Visual-motor integration skills are required for functional tasks such as dressing, catching a 

ball, driving and handwriting (Tomchek & Schneck, 2006). Handwriting was an area of concern seen 

in this study and although alternative technologies are more readily available in some settings, 

handwriting remains an important skill for academic success and employment options (Tomchek & 

Schneck, 2006). Previous studies that assessed handwriting skills in a younger study group using 

standardised measures, found handwriting was more commonly below expected levels among 

children diagnosed with FASD, with underlying concerns including pencil grasp, pencil pressure, 

legibility, and below average VMI skills highlighted (Doney et al., 2016a; Duval-White et al., 2013). 

Although in this current study, handwriting was a concern in 89% of those diagnosed with FASD, it 

was similarly difficult and challenging for those without FASD, with 81% experiencing difficulties. 

However, specific handwriting skills of letter formation and spatial awareness were more commonly 

recorded and associated with PAE or having a FASD diagnosis. These underlying skills may be 

affected by lower VMI scores which, in some cases, are associated with handwriting legibility (Klein, 

Guiltner, Sollereder, & Cui, 2011; Preminger, Weiss, & Weintraub, 2004).  

Another reported reason for handwriting difficulties are fine motor skills. In this study, mean 

MABC-2 Manual Dexterity subtest results were within the average range for all groups regardless of 

PAE or FASD. However, significant fine movement difficulties were seen in 31% of participants with 

FASD. This shows that fine motor skills remain a clinical concern in this population. These results 

coincide with a previous study conducted in younger participants, where the mean scores of the Fine 

Motor Control subtest of the Bruininks–Oseretsky Test of Motor Proficiency, Second Edition (BOT-2) 

were lowest in the PAE and FASD groups (Lucas et al., 2016). The researchers reported that there 

was evidence that a FASD diagnosis was associated with a lower score in the Manual Coordination 

subtest of the BOT-2 (Lucas et al., 2016); for which the current study had insufficient evidence to 

confirm in an adolescent population.  

Although the sample size of this current study was small, there is indication that participants 

in the PAE group performed better than those in the No-PAE group for Aiming and Catching tasks. 

No participant scored in the impaired range for this task, which may reflect a strength in this 

participant group. Difficulties with balance tasks were rare. Only one participant, who was in the 

FASD group, scored below the impairment level on the MABC-2 Balance subtest. There is research 

that Aboriginal Australians engage in more regular physical activity, acquire motor skills at a younger 

age, and have strengths in motor skill acquisition (Gwynn et al., 2010; Taylor & Taylor, 2011). These 
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study participants, the majority of whom were Aboriginal, reported regular physical activity while 

they were residing in youth detention, and when in the community, including basketball, football, 

and resistance training. It may be that frequent physical activity levels have supported motor skill 

development in this participant group, as gross motor skills were rarely found to be a concern. This 

supports research about practise and learning effects leading to positive motor skill outcomes 

(Hands et al., 2015). 

While gross motor skills appeared to be a strength for participants in this study group with a 

high prevalence of FASD, a full gross motor assessment may be of benefit in helping the young 

person see they have strengths which can be utilised during ongoing management. Identifying 

strengths were reported to be highly valued by the young people in this study during a qualitative 

study capturing their experience with completing a FASD assessment (Hamilton, 2017). This also 

highlights that movement-based interventions such as yoga, could be useful for use as a therapeutic 

tool for people with FASD, and should be further researched.  

In this study 9% of participants with FASD had a MABC-2 Total Test Score below the 

impaired range. This result is similar to a previous study that reported 9.5% of younger children with 

FASD had a motor impairment based on the BOT-2 Total Motor Composite score (Lucas et al., 2016). 

In this study, rates of impairment based on Manual Dexterity and VMI in isolation from a total motor 

score were higher, with 11% and 36% respectively in the FASD group. Given these results, it will be 

important to assess the subdomains of motor functioning and gather separate composite scores, 

rather than rely solely on a total motor score when determining a motor impairment during a FASD 

diagnosis assessment.   

There are a number of limitations that need to be considered when interpreting the results 

of this study. Due to the large proportion of Aboriginal Australians, and potential confounding 

factors within this novel study group, care needs to be taken in generalising these conclusions to 

other populations with FASD, other youth detention populations, or a general adolescent 

population. Despite thorough research into the choice of assessments and using the VMI and MABC-

2 with strong psychometric properties, the tools used have not been validated with Aboriginal 

Australians, so results need to be interpreted with caution. Although handwriting was informally 

assessed; reporting the results added an important functional element when discussing motor skills.  

 

Conclusion 

This is the first population-based study which details the motor profile of young people living in 

youth detention, using a comprehensive assessment battery. This study provides evidence for the 

routine use of assessing visual-motor integration skills when considering a FASD diagnosis for an 
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adolescent in this cohort. A motor assessment that incorporates fine and gross motor functional 

skills should be used with all adolescents undergoing a FASD assessment. As difficulties with motor 

skills can have a large impact on a person’s function, it is important that these skills are considered, 

and supports put in place if required. Given the relatively large proportion without motor skill 

impairment in this group of young people with high levels of other impairments (Bower et al., 2018), 

conducting motor skill assessment can be invaluable for providing a balanced picture of their 

neurological profile, and provide a strength-based method for ongoing management for the young 

person.  

Visual-motor integration and handwriting skills were a common area of difficulty for the 

study population, even in those without FASD or PAE. The relationship between visual-motor 

integration, handwriting, and academic skills should be further researched, and investigation into 

whether early intervention prior to engagement with the justice system could improve academic 

outcomes and potentially be protective against contact with the justice system.  

Although the focus of this study was on the motor skills of young people with PAE and those 

diagnosed with FASD, their incarceration in youth detention cannot be overlooked. Assessments for 

those young people in youth detention to enable better management, support, and rehabilitation 

back into the community is the first step to ensuring better life outcomes for these young people.  

 

5.3 Key findings and relevance of findings to thesis 

Complex motor skills that require more neurological networks, such as visual-motor 

integration and handwriting, were more likely to be impaired in participants. Rates of visual-motor 

integration impairment were highest among those diagnosed with FASD. This group also had the 

lowest mean VMI score during standardised testing. These results provide further evidence of the 

importance of assessing visual-motor integration skills during a FASD diagnosis, which is an 

important recommendation of this thesis. These findings highlight a need for further research, 

including exploration of the reasons why visual-motor integration difficulties are higher in this youth 

justice cohort, even for participants without PAE or FASD. In addition, the functional implications of 

difficulties with visual-motor integration skills in this population should be further investigated, 

including impacts on educational and employment outcomes. 

Handwriting difficulties were very high in this study population, and slightly more common 

(but not significantly different) among those diagnosed with FASD and PAE. Those in the PAE and 

FASD groups had significantly more difficulty with the handwriting skills of letter formations and 

spatial awareness compared to participants without PAE or FASD. This is an area for further analysis, 

including examining correlations between visual-motor integration, letter formations and spatial 
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awareness. Difficulties with handwriting, even in those without PAE or FASD, were more common 

than expected. It may be that handwriting difficulties are a product of other social factors common 

in this study cohort, for example, inconsistent school attendance. Although there was not enough 

evidence to suggest that handwriting difficulties are associated with FASD or PAE in this study 

population, they are an important consideration for youth justice educators because of the 

implications on educational outcomes. 

Visual-motor integration and handwriting difficulties have not previously been researched in 

youth justice populations. This paper provides evidence that youth in detention in WA require 

screening, assessment, and therapeutic support when difficulties are identified. Further research is 

required to increase understanding about why these difficulties exist so contributing factors can be 

identified and addressed. 

Other types of fine and gross motor skills, including balance were less likely to be impaired in 

this study group. Mean scores from standardised testing were within the average range compared to 

normative data across all groups. Although fine motor and balance difficulties were more common, 

and lower scores were seen during standardised testing in participants diagnosed with FASD, these 

differences were not statistically different when compared to participants without FASD. MABC-2 

Aiming and Catching subtest tasks were a particular strength in all groups in this study, with those in 

the FASD and PAE groups having mean scores that were higher than the No-FASD and No-PAE 

groups. The PAE group had significantly stronger scores than the No-PAE group. None of the 

participant in this study had an impairment with the Aiming and Catching subtest. This finding 

provides evidence for the use of gross motor skills as a strength during therapeutic interventions. 

Further research into movement-based intervention with adolescents with FASD and youth in 

detention to support skill development in other areas is warranted.  
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CHAPTER 6:  

DISCUSSION 

 
6.1 Prelude to chapter 6 

This chapter expands the Discussion section in Chapter 5. The focus of this chapter is to 

address the four objectives of the thesis, and further discuss the strengths and limitations of this 

study. 

 

6.2 Addressing the study objectives 

6.2.1 Objective 1: Determine through a systematic literature review, the motor skills that are 

likely to be impaired in adolescents with FASD and PAE. This objective was addressed in the 

published paper detailed in Chapter 2 of this thesis. The limited published research on this topic, 

made addressing this objective problematic. Despite this, it was expected that visual-motor 

integration skills would likely be impaired among adolescents with Fetal Alcohol Spectrum Disorder 

(FASD) and Prenatal Alcohol Exposure (PAE), based on the results of some previous studies (Tamana 

et al., 2014; Roebuck-Spencer et al., 2004). Research regarding the types of fine and gross motor 

skills that could be impaired was inconclusive. Some studies have found that fine motor skills such as 

strength, speed, and accuracy, remained a concern in an adolescent population with FASD (Connor 

et al., 2006; Tamana et al., 2014). Connor et al. (2006) identified that balance difficulties in children 

with FASD may persist into adulthood. 

6.2.2 Objective 2: Determine an appropriate motor assessment battery for use with 

adolescents as part of a FASD diagnostic process. A systematic review of the literature did not 

provide enough information to determine an appropriate assessment battery for Phase 2 of this 

study. The literature review did provide evidence to support the inclusion of the Beery-Buktenica 

Developmental Test of Visual-Motor Integration (VMI) assessment (Beery & Beery, 2010). 

Determining additional assessments for fine and gross motor skills was more challenging, and 

support was required through consultation with experts in the field and broadening research to 

include different age groups. Although the Bruininks–Oseretsky Test of Motor Proficiency, Second 

Edition (BOT-2) (Bruininks & Bruininks, 2009) is considered a gold standard tool for assessing motor 

function, and was used in a recent FASD prevalence study in the Kimberley region of WA, the time 

required for administering meant it was not viable for use in the current study. The Movement 

Assessment Battery for Children, Second Edition (MABC-2) (Henderson et al., 2007) has sound 

convergent validity when compared to the BOT-2 in a 10-16 year old population (Lane & Brown, 

2015), and has been used in previous studies assessing the motor function of adolescents. For these 
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reasons, along with a shorter administration time, the MABC-2 was included in the assessment 

battery for this study. Although not a requirement when using the Australian Guide to the Diagnosis 

of FASD, an informal handwriting screen was added to the assessment battery to evaluate functional 

fine motor skills. 

6.2.3 Objective 3: Investigate the motor profile of sentenced young people in a youth justice 

centre compared to normative data from standardised assessment tools. This objective was 

addressed during Phase 2 of this study and presented in Chapters 4 and 5. This study involved 

completing motor assessments with 99 young people residing in Banksia Hill Detention Centre 

(BHDC), the only youth justice centre in WA. It was the first study to assess motor skills using 

standardised assessments in a correctional setting in Australia and internationally. Results indicated 

that 30% of the study population had a motor impairment. The most common motor skill difficulty 

was visual-motor integration, with 24% of the population assessed as having an impairment during 

standardised testing using the VMI assessment, and a mean score in the ‘low’ clinical range 

according to standardised testing criteria (Beery & Beery, 2010). Additional assessment using the 

MABC-2 subtests identified that impairment in the Manual Dexterity subtest was evident in 11%; 

Balance subtest impairment in 1%; and Aiming and Catching subtest impairment in none of the 

population. Mean scores for these subtests were within average ranges according to standardised 

testing criteria. Gross motor skills were a strength of this cohort. Handwriting concerns were 

common, with 84% of those assessed having difficulties with this skill. This is an important outcome, 

and one of many examples that should be brought to the attention of justice educators in order to 

best support students in the classroom setting. 

As this study population is unique in that participants were from vast backgrounds including 

remote areas of WA, generalising these results to other youth detention centres is difficult. No other 

studies have used standardised assessment tools to investigate the motor skills of a youth justice 

population, so comparison with similar studies to determine generalisability of findings is not 

possible. 

6.2.4 Objective 4: Compare the motor skills in an adolescent population between groups 

according to FASD diagnosis, and PAE. Objective 4 is detailed in Chapters 4 and 5 and was 

addressed during Phase 2 of the study. Group analysis was conducted by dividing the study 

population into groups based on PAE and FASD diagnosis. Comparison between those in the FASD 

and No-FASD, and PAE and No-PAE groups was conducted. Of those with a diagnosis of FASD, 51% 

were assessed as having a motor impairment. This was a significantly higher rate than those without 

FASD, where 17% met the same criteria. Higher rates of motor impairment were seen in those with 

PAE (38%) compared to those without PAE (23%), but were not statistically different.  
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Visual-motor integration was the most common area of difficulty amongst participants in all 

groups. The highest rates of impairment and lowest mean standardised assessment scores during 

standardised testing using the VMI were evident in the FASD group. On average, this group scored 

significantly poorer than those without FASD, with mean scores in the ‘low’ range (7th percentile of 

age group), as opposed to ‘below average’ range (16th percentile of the age group) according to 

standardised testing criteria (Beery & Beery, 2010). Higher levels of impairment were identified in 

the PAE group compared to the No-PAE group, but this difference was not significant. 

Rates of impairment for the MABC-2 Manual Dexterity subtest were similar between all groups, 

with no difference between the FASD or PAE groups. Eleven percent of participants in both the FASD 

and No-FASD groups had impaired Manual Dexterity subtest scores. Mean scores were similar 

between groups, and were within the average range.  Few participants had difficulties with tasks in 

the MABC-2 Aiming and Catching and Balance subtests, and mean scores were within the average 

ranges. This highlighted that gross motor skills were a strength for all participants, regardless of 

whether they had FASD or PAE. 

 

6.3 Study strengths and limitations 

6.3.1 Study strengths. For most of the study participants, this was the first time they had 

completed a comprehensive standardised assessment of their motor skills, despite attending school 

and some having contact with child protection services. This study used standardised motor 

assessments with sound psychometric properties to assess a range of motor skills including fine 

motor, gross motor, and visual-motor integration skills. A handwriting screen was used to ensure a 

functional assessment was conducted with the participants. The study had a specific, detailed 

criterion for determining whether a participant met criteria for a motor impairment using the FASD 

diagnostic guidelines. A clear methodology was developed to ensure consistency when 

administering, scoring, and interpreting results of all assessments. 

An additional strength of this research was the population-based study design, with all eligible 

young people at BHDC invited to participate. This ensured reduced bias of participant selection. As 

BHDC is the only youth justice centre in WA, a diverse and representative population of the state 

was possible.  

Assessors were blinded to PAE and any previous medical or developmental histories of the 

participants prior to and during the assessment phase. These details were provided at the case 

conference following completion of all assessments and interpretation of the results. This ensured 

unbiased administering, scoring, and interpretation of assessment results.  



 60 

6.3.2 Study limitations. There are a number of limitations that need to be considered when 

interpreting the results of this study. Limitations in study design may have impacted findings, 

including the relatively small sample size of some of the groups that were analysed. Retrospective 

self-reported PAE may have led to this information being inaccurate due to decreased accuracy of 

recall over time. Information about PAE was unknown in 13 cases, which decreased the sample size 

during the PAE specific analysis.  

Due to the large percentage (74%) of participants who identified as being of Australian 

Aboriginal descent within this group, care needs to be taken in generalising conclusions to other 

youth justice settings outside WA. The motor assessment tools used during this study are not norm 

referenced using Australian Aboriginal populations and their use with this population group has not 

been well researched.  

The study was limited by a lack of evidence to support a suitable motor assessment battery.  

Although the VMI was supported by evidence-based research, the MABC-2 has not been reported as 

being used as part of FASD diagnostic assessments, and it may not be as sensitive as other tools for 

detecting motor impairments associated with PAE.   



 61 

CHAPTER 7:  

RECOMMENDATIONS AND CONCLUSIONS  

 
7.1  Prelude to chapter 7 

Chapter 7 details the recommendations arising from this thesis, including implications for 

clinicians and policy development, and suggestions for further research. It closes with concluding 

statements. The conclusion is kept brief, and complements the conclusions of the submitted 

publications in Chapters 2 and 5.  

 

7.2 Implications for policy 

7.2.1 Screening and assessment as a young person enters youth detention. Limited 

screening and assessment systems exist for youth residing at Banksia Hill Detention Centre (BHDC). 

Most participants had not completed any developmental or neurocognitive assessments prior to this 

study. Youth detention presents an ideal opportunity to work with young people, who may 

otherwise be inaccessible due to remote living locations or disengagement from education systems. 

Universal screening of young people entering youth detention should be considered at BHDC 

because it would facilitate referral for full diagnostic assessment if indicated. Along with this, it 

would provide the opportunity for any needed supports to be provided while in youth detention, 

and to continue into their home post release from detention. 

7.2.2 Support for young people in youth detention who have a motor impairment. 

Currently, developmentally-focused therapeutic supports are limited in BHDC. Allied health 

professionals do not regularly attend the centre to support young people to achieve optimum health 

and developmental outcomes. A new opportunity exists for agencies funded through the recently 

developed National Disability Insurance Scheme or the Department of Corrective Services to support 

young people. Therapists would need to be flexible to employ a non-traditional therapeutic 

approach. For example, providing short-term intensive occupational therapy to improve motor skills 

that aim to enhance a young person’s participation in daily activities, before they are released home. 

Further follow-up support in regional communities including by local allied health services and 

regional Youth Justice Services would also be beneficial to ensure strategies are continued in the 

young person’s usual living environment. The Northern Territory has recently employed ‘Bail 

Support Clinicians’, including an occupational therapist, who is based in transitional units which 

house young people who are living between the detention centre and the community. Although the 

occupational therapy role is still being developed, similar processes and supports are likely to have 

positive benefits and should be incorporated into youth detention centres in WA. 
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7.2.3 Early assessment and effective intervention. Early intervention has a strong evidence-

base for effective outcomes, and is likely to have positive, more long-term outcomes than assessing 

and providing support in youth detention. Identifying difficulties in childhood would enable 

appropriate therapeutic supports to be implemented. Early intervention could reduce the rates of 

young people with Fetal Alcohol Spectrum Disorder (FASD) or motor impairment having contact with 

the criminal justice system. Consistent and adequate screening of children in settings including 

education, child health, and child protection systems could facilitate this process, and should be 

supported. Children identified with a significant functional impairment may be eligible for funding 

through the NDIS, allowing them to access funded therapeutic intervention. 

 

7.3 Implications for clinicians  

7.3.1 Assessment considerations. Motor skills should be routinely evaluated as part of the 

FASD diagnostic process using standardised assessment tools in line with the Australian Guide to the 

Diagnosis of FASD (Bower et al., 2017). In this study, the Beery-Buktenica Development Test of 

Visual-Motor Integration assessment (VMI) (Beery & Beery, 2010) was sensitive to identifying a 

motor impairment in those diagnosed with FASD, and should be used as part of the motor 

assessment battery.  

Although fine and gross motor difficulties were rare in this study’s adolescent population, 

these skills should still be routinely assessed. The population in this study was unique, and 

generalisation to other groups should be completed cautiously, in particular to younger children or 

adults. Screening of motor difficulties, as opposed to a full assessment, could be considered if 

resources are limited, for example by using a functional motor and developmental history 

questionnaire. However, screening may not highlight difficulties that a young person is 

compensating for, such as avoidance of tasks with a motor component. Even if difficulties are 

unlikely due to an absence of Prenatal Alcohol Exposure (PAE), it could be beneficial to identify an 

offender’s strengths to develop individualised planning and goal setting. Whenever possible, a full 

motor assessment should be completed. 

7.3.2 Motor assessments for a FASD diagnostic assessment. The Movement Assessment 

Battery for Children, Second Edition (MABC-2) (Henderson et al., 2007) was time and resource 

effective to administer and score during this study. The MABC-2 did not detect a high level of motor 

impairment in this adolescent population. It may be that difficulties commonly seen in younger 

children with PAE diminish with maturity, or because the MABC-2 is not sensitive enough to detect 

subtle impairments. The Bruininks-Oseretsky Test of Motor Proficiency, Second Edition (BOT-2) 

(Bruininks & Bruininks, 2009) has been used in previous studies with younger participants with FASD 
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(Lucas et al., 2016), and could also be used with adolescents. Research into the convergent validity 

between the BOT-2 and MABC-2 11-16 year age group identified a significant association between 

the two assessments, but a weaker association was evident in a 7-10 year age group (Lane & Brown, 

2015). If assessing a young person aged over 10 years old, the MABC-2 or BOT-2 would be sufficient. 

However, given that the MABC-2 requires less time to administer and score it may be more ideal 

than the BOT-2 if time is a deciding factor. 

In addition to standardised tests, assessment of functional skills should be completed as part 

of the FASD diagnostic process. Handwriting was a common area of difficulty in this study population 

and can have a detrimental impact on educational and employment outcomes. Evidence-based 

practice supports practicing functional tasks to improve motor skills (Polatajko & Cantin, 2005), 

which adds evidence for the inclusion of these skills as part of a motor assessment battery for FASD 

diagnosis. 

7.3.3 Intervention planning. Clinicians should be cognisant of motor impairments when 

assessing or providing therapy to an adolescent with FASD or PAE. Educational, vocational, and daily 

living goals may be affected by motor performance. Adaptations may be of benefit, including the use 

of technology such as computers and digital apps to complete academic tasks and improve 

performance at school. Utilising motor strengths to improve performance could empower and 

motivate a young person during therapeutic interventions. 

 

7.4 Future research 

This thesis has highlighted the limited research available in relation to motor impairment in 

adolescents with FASD. Longitudinal studies with larger cohorts that continue adolescence and 

adulthood could help identify the trajectory of motor skill development, including how those with 

PAE or FASD may adapt, and the impact of motor impairment on participation throughout childhood 

and at different ages. 

Further studies to analyse the impact of confounding factors and how they impact on motor 

impairment would be of benefit, especially given the impact of these difficulties on education and 

employment success. The high rates of motor impairment, particularly visual-motor integration and 

handwriting skills, in participants without PAE in this study population was unexpected, and suggests 

that other social and health factors may be affecting functional capacity. Factors which may affect 

functional capacity may include childhood trauma, low school completion, and executive functioning 

difficulties. Further examination of the functional implications of these difficulties is warranted. 

Research that investigates whether evidence-based interventions that are effective for 

individuals with Developmental Coordination Disorder (DCD), such as the Cognitive Orientation to 
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Daily Occupational Performance (CO-OP) approach, is also effective with young people with FASD 

could be beneficial. The additional neurocognitive impairments that are more prevalent in people 

with FASD, including cognitive, language, and attention, would need to be considered, and 

individualised modifications to the therapeutic interventions may be required. 

Intervention studies that utilise motor strengths should be explored. Using a person’s 

strengths can improve self-esteem and provide protective factors to support mental and physical 

health. Motor-based activities such as yoga, Lego therapy, and sporting activities may be 

appropriate. Sporting activities are usually made available to young people residing in detention. 

Adding therapeutic elements to these activities, and evaluating their impact on neurocognitive 

functioning, could develop an evidence-base for how best to support young people with FASD and 

those in youth detention.  

 

7.5 Conclusion 

This was the first study to assess motor skills using standardised assessments in a 

correctional setting in Australia and internationally. The findings from this study have added to the 

knowledge in relation to rates of motor impairment in an adolescent population residing in the only 

youth detention centre in WA. Many participants had PAE, and the prevalence of FASD was high. The 

outcomes can potentially change clinical practice and guide policy development for young people 

with FASD and those in youth justice settings. Recommendations for further research have been 

made which address gaps in knowledge, including translation of these results to other populations, 

and a need for research into effective therapeutic interventions. 

This thesis used a two-phase approach to increase understanding about motor impairments 

amongst adolescents with FASD. Phase 1 included a systematic literature review to identify the gaps 

in knowledge about the motor skills of young people with FASD, and identified a need for further 

research in this area. The clinical study conducted in Phase 2 of the research identified 30% of the 

adolescent study population, and 51% of participants with a FASD diagnosis had a motor 

impairment. Visual-motor integration and handwriting skills were the most common type of motor 

impairment. Further research is required to explore additional factors, apart from prenatal alcohol 

exposure, and to examine the functional implications of the identified motor impairments. Both 

gross and fine motor skills were generally within the average range compared to normative 

standardised assessment data in this population, even in those diagnosed with FASD. This highlights 

a potential strength within this study population, which could be utilised in a strength-based 

intervention approach to support other developmental needs. Further research into possible motor-

based therapeutic intervention is required.  
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Assessment of motor skills is an imperative component of  FASD diagnosis in an adolescent. 

Additionally, all youth entering detention should be evaluated to determine areas of strengths and 

difficulties to highlight therapeutic support needs. These strengths may support restorative practices 

such as reintegration in to the community and reduce the risk of reoffending. Change at a policy 

level should be encouraged to enable improved processes  for screening, assessment, and 

therapeutic interventions for adolescents entering a juvenile detention centre. 
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