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Motor Proficiency of Children with
Typically Developing Children

and Children with Autism
Spectrum Disorder

Carla Lourengo, Dulce Esteves and Mariana Pinheiro

Abstract

Children with autism spectrum disorder (ASD) frequently present difficulties
in communication, social interaction, and motor abilities. Physical activity presents
several major benefits for children with and can be considered a non-pharmacological
therapy to improve both motor and social skills. This chapter aims to compare motor
proficiency of children with ASD and neurotypical children. Twenty Portuguese
children participated in this study, half diagnosed with ASD (6.9 + 1.97 years) and
half typically developed (7 + 1.83 years). Children’s age ranged from 4 to 10 years
(6.95 + 1.85 years), with a prevalence of males (60%). Motor proficiency was evalu-
ated using the Bruininks-Oseretsky test of motor proficiency (BOT-2). Children with
ASD scored significantly lower on different items of motor proficiency (fine manual
precision, manual dexterity, coordination of the upper limbs, balance, and motor
proficiency profile). We conclude that, due to the deficits found, supervised physical
exercise preferentially in small groups combining children with and without ASD is
highly recommended.

Keywords: children with autism Spectrum disorder, motor proficiency, physical
exercise

1. Introduction

Autism spectrum disorder (ASD) consists of neurological disorders affecting
children’s communication, social, and language development [1]. Diagnostic and
statistical manual of mental disorders (5th ed.) and is typically characterized by
core impairments in social communication functioning and rigid repetitive behav-
ior styles [2]. Seven decades have passed since Leo Kanner’s classic description of
the syndrome early infantile autism [3], and over time, the concept has undergone
several changes, namely those introduced by Volkmar & McPartland [4], that sug-
gested an alternative classification system of ASD that incorporates both etiological
factors (e.g. neurobiological and genetic) and clinical symptoms.
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1.1 Motor impairments in children with ASD

Currently, ASD refers to neurodevelopmental disorders that generate deficits in
communication and socialization, restricted interests, and repetitive behaviors [5].
Children with ASD usually present a dysfunctional sensory profile [6, 7] that might
create difficulty attending to and processing sensory stimuli [8, 9] and consequently
to motor impairments. In fact, the motor functioning in individuals with ASD and
detected a pronounced motor impairment among those subjects [10]. Several other
authors [2, 11-14] also confirm the existence of motor deficits in children with the
condition. That motor deficits can be divided into two categories: the basic motor
control (coordination, gait, posture and muscle tone) and motor performance deficits
[15]. However, the specific motor deficits associated with ASD cannot be generalized
nor simplified and are more evident in the most demanding activities [16]. Also,
children on the spectrum demonstrate poor motor performance, and this becomes
more persistent with an increase in age [17].

The motor impairments in ASD affect a variety of domains [12], such as balance
[18], movement planning [19], gait and postural stability [20], and fine and gross
motor coordination [2, 21].

1.2 Motor development in children with ASD

Face to this evidence, it is important to consider interventions to help improve
motor skill in children with ASD.

Motor development is defined as the acquisition of fundamental motor skills,
allowing different postures, locomotion, and manipulation of objects [22].
Researchers suggest that motor skill acquisition accompanies intellectual develop-
ment and physical fitness which may be linked to a positive effect in the cognitive
development in children [23]. When a child’s development occurs according to the
established developmental stages, it is considered typical development. However,
when there are changes in the developmental trajectory, we have to consider them as
early warning signs/red flags for different pathologies [24].

Although this topic has been persistent in different investigations, an approach
focusing on the motor proficiency profile in children with ASD has not been
sufficiently developed [25]. Understanding motor proficiency in children with
the condition is necessary in order to assess their onset of motor skill develop-
ment and acquisition. Motor proficiency profile is described as the “index or sum
of the best performance or performance observed in a wide variety of situations
or motor tasks and which tends to increase with age” ([26], p. 10). It is positively
linked with physical activity participation and inversely to the children’s sedentary
lifestyle [27]. Evaluating the motor proficiency profile allows us to better under-
stand each child’s motor capacity, as well as to analyze different motor aspects in an

isolated approach and a better evaluation of the fundamental fine and gross motor
skills [28].

1.3 Exercise interventions in children with ASD

In addition to motor deficits, children with ASD tend to be physically inactive and
to have sedentary behaviors [29], which has serious consequences for their health
status and sustainable lifestyle.
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One of the approaches to improve motor deficits is the use of physical activity-
based intervention. In fact, it was reported that physical activity programs may provide
benefits for children with ASD [30-32] and can be an excellent non-pharmacological
therapy to reduce the challenges they face. The effects of physical activity interventions
such as swimming [33, 34], walking/hiking [35, 36], running [37-39], and hippother-
apy [40-42] have been supported by previous research and suggested that an improve-
ment of motor proficiency in children on the spectrum branches from the participation
in physical activity intervention [27]. Therefore, the engagement in physical activity
interventions is a key modifiable factor in ensuring an active live across the lifespan.
Creating an active routine during early years may lead autistic subjects to continue
certain physical activities into adulthood, improving not only many health-related out-
comes but also their quality of life [43]. Additionally, physical activity engagement has
been shown to have some positive effects on the social functioning of young individu-
als on the autism spectrum, as well as a significant impact on their muscular strength
and endurance [44]. Besides, motor skill development through exercise interventions
is a critical step toward ensuring continued engagement in physical activity [45] as well
as in leading positive trajectories for health outcomes [46].

Regarding the type of motor intervention, there is currently a wide variety of
treatments and therapies targeted at autistic populations [47, 48]. Nevertheless, many
of those current intervention models have only been designed to focus on the core
characteristics of autism. Apart from modifying present intervention models for
the physical activity setting [49], few interventions have been designed to target the
motor domain [50]. Even fewer still are interventions targeting motor skill develop-
ment for autistic populations [51].

Yet, evidence suggests there are countless benefits of physical activity for
autistic individuals [44, 52]. Physical activity has been shown to be beneficial in
improving an autistic individual’s motor proficiency [31], social skills [53], func-
tional, cognitive and behavioral [52], among others. In the case of group physical
activities, they can be an important contribution to the increase of mental health
of these individuals [54].

Despite the demonstrated beneficial impacts of physical activity on the factors of
quality of life for autistic individuals, this population remains more sedentary than
the general population [55] and they face numerous obstacles to physical activity
from early childhood through adolescence [56, 57] into adulthood [58-61]. In fact, a
physical education class can be really challenging for these children, who may have
difficulties in accessing instruction, meeting with stringent rules, in learning abstract
content, as well as in collective games due to the speed and exchange of functions
(defense and attack) [62].

Due to motor and/or social difficulties, the actors in the teaching process (parents
and teachers) would sometimes reveal some difficulties in promoting motor activi-
ties, as well as difficulties in understanding how to evaluate children with ASD.

1.4 Motor proficiency of children with ASD and typically developing children

Perhaps more important than evaluating motor proficiency of children with ASD
is to compare motor proficiency of children with ASD and neurotypical children, to
quantify the differences found.

Previous research revealed that children with ASD performed poorer when com-
pared to their typically developing peers [63, 64] in many areas, such as coordination
of the upper and lower limbs in manual dexterity, balance, agility, and speed [65-67].
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Lourengo, et al. [68] compared the motor proficiency profiles between children
with ASD and their typically developing peers in Portugal, using the Bruininks-
Oseretsky test of motor proficiency (BOT-2) [69]. Twenty Portuguese children par-
ticipated in this study, half diagnosed with ASD (6.9 + 1.97 years) and half typically
developed (7 + 1.83 years). Children’s age ranged from 4 to 10 years (6.95 + 1.85 years),
with a prevalence of males (60%). Children with ASD scored significantly lower on
fine manual precision (p < 0.05) and large effect sizes were found (d > 0.8). Children
with ASD also performed poorer in item 1—drawing line through path (1.90 + 0.87)
and item 2—fold paper (4.00 + 2.30).

No statistically significant difference was found between the two groups in fine
motor integration subtests (p > 0.05). However, effect sizes showed moderate effect
(d > .5) indicated children with ASD were less proficient, suggesting a trend for delays
in motor integration tasks.

A significant difference was found between children with ASD and the typi-
cally developing children on manual dexterity (p = 0.024), and a large effect size
was found (d = 4.467) with ASD children scoring significantly lower, revealing that
children with ASD were delayed on manual dexterity.

Regarding coordination of the upper limbs (items 10 and 11), the first one did not
present significantly differences between the two groups whereas item 11 registered
significant differences (p = 0.044) and a large effect size (d = 1.664). Portuguese
children with ASD scored lower mean values in both items when compared to their
typical developing peers.

No statistically significant differences were found regarding bilateral coordination,
but typical developing displayed higher mean values than the children with ASD. They
showed better results in item 6 than the other item in bilateral coordination subtest.

To what concerns balance, children with typical developing presented signifi-
cantly higher mean values (p = 0.028) and a large effect size was found (d = 4.221).
Similar results were found in speed and agility (p = 0.043; d = 2.496).

It is noteworthy that Portuguese children with ASD registered lower values of motor
proficiency profile, translating into statistically significant differences (Figure1).

Portuguese children with ASD (80%) were classified in well below the average or
below average and only two children were in the average motor proficiency category.
On the other hand, 90% typical developing children’s motor proficiency was in the
average or above average category.

The results revealed significant differences in fine motor proficiency on manual
dexterity, showing the children with ASD had lower indices, similar to the results
presented by Pan [63], that concluded that Adolescents with ASD demonstrated less
proficient motor skills than adolescents without ASD.
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Figure 1.
Classification of the motor proficiency profile of children with and without ASD.
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The significant differences found in the coordination of the upper limbs may
impair an object-control proficiency, such as kicking, catching, and overhand throw-
ing, which are requirements to most sport activities and is a predictor of physical
inactivity/no participation in sports activities.

As referred by Pan [63], “the lower level of motor proficiency and physical fitness
in adolescents with ASD requires increased attention and immediate intervention,”
suggesting the participation of typically developing peers as intervention agents, such
as in-peer tutoring and peer-assisted learning, to teach students with ASD motor
skills to encourage inclusion and increase enjoyment. Furthermore, group activities
involving both students and their families, such as swimming, biking, and walking,
are strongly recommended because of the limited duration of physical education in
schools and the lack of active recess times in secondary schools [63].

Acknowledgements
This work is funded by National Funds through the FCT - Foundation for
Science and Technology, I.P., within the scope of the project Ref2 UIDB/05507/2020.

Furthermore, we would like to thank the Centre for Studies in Education and
Innovation (CI&DEI) and the Polytechnic of Viseu for their support.

Author details

Carla Lourengo“**, Dulce Esteves" and Mariana Pinheiro*

1 Department of Sport Science, University of Beira Interior, Covilha, Portugal
2 Centre for Studies in Education and Innovation, Viseu, Portugal

3 Research Center in Sports Sciences, Health Sciences, and Human Development
(CIDESD), Covilha, Portugal

4 Health Sciences Faculty, University of Beira Interior, Covilha, Portugal
*Address all correspondence to: ccvl@ubi.pt

IntechOpen

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

5



Sport and Fitness in Children and Adolescents - A Multidimensional View

References

[1] American Psychiatric Association.
Diagnostic and Statistical Manual of
Mental Disorders, 5th ed. 2013

[2] Grace N, Enticott PG, Johnson BP,
Rinehart NJ. Do handwriting difficulties
correlate with core symptomology, motor
proficiency and attentional behaviors?

Journal of autism and developmental
disorders. 2017;47(4):1006-1017

[3] Kanner L. Autistic disturbances
of affective contact. Nervous Child.
1943;2(3):217-250

[4] Volkmar FR, McPartland JC. “From
Kanner to DSM-5: Autism as an evolving
diagnostic concept.” Annual Review of
Clinical Psychology. 2014;10:193-212

[5] Worley JA, Matson JL. Comparing
symptoms of autism spectrum disorders
using the current DSM-IV-TR diagnostic
criteria and the proposed DSM-V
diagnostic criteria. Research in Autism
Spectrum Disorders. 2012;6(2):965-970.
DOI:10.1016/j.rasd.2011.12.012

[6] Posar A, Visconti P. Sensory
abnormalities in children with autism
spectrum disorder. Jornal de Pediatria.
2018;94:342-350. DOI: 10.1016/j.
jpedp.2017.11.009

[7] Tomcheck SD, Dunn W. Sensory
processing in children with and without
autism: A comparative study using the
short sensory profile. American Journal
of Occupational Therapy. 2007;61:190-
200. DOI: 10.5014/ajot.61.2.190

[8] Kern JK, Trivedi MH, Garver CR,
Grannemann BD, Andrews AA,
Savla]S, et al. The pattern of sensory
processing abnormalities in autism.
Autism. 2006;10(5):480-494.

DOI: 10.1177/1362361306066564

6

[9] Piek JP, Dyck MJ. Sensory-motor
deficits in children with developmental
coordination disorder, attention deficit
hyperactivity disorder and autistic
disorders. Human Movement Science.
2004;23:475-488

[10] Fournier K a, Hass CJ, Naik SK,
Lodha N, Cauraugh JH. Motor
coordination in autism spectrum
disorders: A synthesis and meta-analysis.
Journal of Autism and Developmental
Disorders. 2010;40(10):1227-1240.

DOI: 10.1007/s10803-010-0981-3

[11] Dziuk MA, Gidley Larson JC,
Apostu A, Mahone EM, Denckla MB,
Mostofsky SH. Dyspraxia in autism:
Association with motor, social,

and communicative deficits.
Developmental Medicine & Child
Neurology. 2007;49(10):734-739.

DOI: 10.1111/j.1469-8749.2007.00734.x.
PMID: 17880641

[12] Hocking DR, Ardalan A,

Abu-Rayya HM, Farhat H, Andoni A,
Lenroot R, et al. Feasibility of a virtual
reality-based exercise intervention and
low-cost motion tracking method for
estimation of motor proficiency in youth
with autism spectrum disorder. Journal
of NeuroEngineering and Rehabilitation.
2022;19(1):1-13

[13] Hogan DP, Rogers ML, Msall ME.
Functional limitations and key indicators
of well-being in children with disability.
Archives of Pediatrics & Adolescent
Medicine. 2000;154(10):1042-1048

[14] McPhillips M, Finlay], Bejerot S,
Hanley M. Motor deficits in children

with autism spectrum disorder: A cross-
syndrome study. Autism Research: Official
Journal of the International Society for
Autism Research. 2014;7(6):664-676.

DOI: 10.1002/aur.1408



Motor Proficiency of Children with Typically Developing Children and Children with Autism...

DOI: http://dx.doi.org/10.5772/intechopen.106399

[15] Gizzonio V, Avanzini P, Campi C,
Orivoli S, Piccolo B, Cantalupo G, et al.
Failure in pantomime action execution
correlates with the severity of social
behavior deficits in children with autism:
A praxis study. Journal of Autism and
Developmental Disorders. 2015;45:3085-
3097. DOI: 10.1007/s10803-015-2461-2

[16] Whyatt CP, Craig CM. Motor skills
in children aged 7-10 years, diagnosed
with autism spectrum disorder. Journal
of Autism and Developmental Disorders.
2012;42(9):1799-1809. DOI: 10.1007/
s10803-011-1421-8

[17] Staples K, MacDonald M, Zimmer C.
Assessment of motor behavior among
children and adolescents with autism
spectrum disorder. International Review
of Research in Developmental Disabiliteis.
2012;42:179-214. DOI: 10.1016/
B978-0-12-394,284-5.00007-3

[18] Lim YH, Partridge K, Girdler S,
Morris SL. Standing postural control
in individuals with autism spectrum
disorder: Systematic review and meta-

analysis. Journal of Autism Development
and Disorders. 2017;46(7):2238-2253

[19] Dowd AM, McGinley JL, Taffe JR,
Rinehart NJ. Do planning and visual
integration difficulties underpin motor
dysfunction in autism? A kinematic
study of young children with autism.

Journal of Autism and Developmental
Disorders. 2012;42(8):1539-1548

[20] Rinehart NJ, Tonge BJ, Iansek R,
McGinley ], Brereton AV, Enticott PG,
et al. Gait function in newly diagnosed
children with autism: Cerebellar and
basal ganglia related motor disorder.
Developmental Medicine and Child
Neurology. 2016;48(10):819-824

[21] Cook JL, Blakemore SJ, Press C.
Atypical basic movement kinematics
in autism spectrum conditions.

7

Brain: A journal of neurology.
2013;136(9):2816-2824

[22] Santos S, Dantas L, Oliveira JA.
Motor development of children, the
elderly and people with coordination
disorders. Revista Paulista Physical

Education. 2004;18:33-44

[23] Abdelkarima A, Ammar A,

Chtourou H, Wagner M, Knisel E,
Hokelmann A, et al. Relationship
between motor and cognitive learning
abilities among primary school-aged
children. Alexandria Journal of Medicine.
2017;53(4):325-331

[24] Illingworth RS. The Development of
the Infant and the Young Child: Normal

and Abnormal. Haryana, India: Elsevier
Health Sciences; 2013

[25] Pan CY. Motor proficiency and
physical fitness in adolescent males
with and without autism spectrum
disorders. Autism. 2014;18(2):156-165.
DOI: 10.1177/1362361312458597

[26] Morato P, Rodrigues A. Avaliacdo da
Proficiéncia Motora nas Perturbagdes

do Desenvolvimento. Lisboa: Edicoes
FMH; 2014

[27] Wrotniak BH, Epstein LH, Dorn JM,
Jones KE, Kondilis VA. The relationship
between motor proficiency and

physical activity in children. Pediatrics.
2006;118:1758-1765

[28] Deitz JC, Kartin D, Kopp K. Review
of the Bruininks-Oseretsky test of
motor proficiency, (BOT-2). Physical
& Occupational Therapy in Pediatrics.
2007;27(4):87-102. DOI: 10.1080/
J006v27n04_06

[29] Jones RA, Downing K, Rinehart NJ,
Barnett LM, MayT, McGillivray JA, et al.
Physical activity, sedentary behavior
and their correlates in children with



Sport and Fitness in Children and Adolescents - A Multidimensional View

autism spectrum disorder: A systematic
review. PLoS One. 2017;12(2):e01724382.
DOI: 10.1371/journal.pone.0172482

[30] Lang R, Koegel LK, Ashbaugh K,
Regester A, Ence W, Smith W. Physical
exercise and individuals with autism
spectrum disorders: A systematic review.
Research in Autism Spectrum Disorders.
2010;4:565-576. DOI: 10.1016/j.
rasd.2010.01.006

[31] Lourengo C, Esteves D, Corredeira R,
Seabra A. Avaliagdo dos efeitos de
programas de intervengao de atividade
fisica em individuos com transtorno do
espectro do autismo. Revista Brasileira de
Educagdo Especial. 2015;21(2):319-328

[32] Sowa M, Meulenbroek R. Effects of
physical exercise on autism spectrum
disorders: A meta-analysis. Research

in Autism Spectrum Disorders. 2012;6:
46-57. DOI: 10.1016/j.rasd.2011.09.001

[33] Pan C, Frey G. Physical activity
patterns in youth with autism spectrum
disorders. Journal of Autism and
Developmental Disorders. 2006;36(5):597-
606. DOI: 1007/s10803-006-0101-6

[34] Pan CY, Tsai CL, Chu CH.
Fundamental movement skills in children
diagnosed with autism spectrum
disorders and attention deficit
hyperactivity disorder. Journal of

Autism and Developmental Disorders.
2009;39(12):1694-1705. DOI: 10.1007/
s10803-009-0813-5

[35] Petetti IKH et al. The efficacy

of a 9-month treadmill walking
program on the exercise capacity

and weight reduction for adolescents
with severe autism. Journal of Autism

and Developmental Disorders.
2007;37(6):997-1006

[36] Todd T, Reid G. Increasing physical
activity in individuals with autism.

Focus Autism Other Developmental
Disabilities. 2006;21(3):167-176

8

[37] Fragala-Pinkham M, Haley SM,

e O’Neil ME. Group aquatic aerobic
exercise for children with disabilities.
Developmental Medicine and Child
Neurology. 2008;50(11):822-827

[38] Petrus C, Adamson SR, Block L,
Einarson SJ, Sharifnejad M, Harris SR.
Effects of exercise interventions on
stereotypic behaviours in children with
autism spectrum disorder. Physiotherapy
Canada. Physiotherapie Canada.
2008;60(2):134-145. DOI: 10.3138/
physio.60.2.134

[39] Rosenthal-Malek A, Mitchell S. Brief
report: The effects of exercise on the
self-stimulatory behaviors and positive
responding of adolescents with autism.
Journal of Autism and Developmental
Disorders. 1997;27(2):193-202.

DOI: 10.1023/a:1025848009248

[40] Bass MM, Duchowny CA,

Llabre MM. The effect of therapeutic
horseback riding on social functioning
in children with autism. Journal of
Autism and Developmental Disorders.
2009;39(9):1261-1267. DOI: 10.1007/
s10803-009-0734-3

[41] Ajzenman HF, Standeven JW,
Shurtleff TL. Effect of hippotherapy on
motor control, adaptive behaviors, and
participation in children with autism
spectrum disorder: A pilot study. The
American Journal of Occupational
Therapy: Official Publication of the
American Occupational Therapy
Association. 2013;67(6):653-663.

DOI: 10.5014/ajot.2013.008383

[42] Gabriels RL, Agnew JA, Beresford C,
Morrow MA, Mesibov G, Wamboldt M.
Improving psychiatric hospital care

for pediatric patients with autism
spectrum disorders and intellectual
disabilities. Autism Research and
Treatment. 2012;2012:685053.

DOI: 10.1155/2012/685053



Motor Proficiency of Children with Typically Developing Children and Children with Autism...

DOI: http://dx.doi.org/10.5772/intechopen.106399

[43] Bishop-Fitzpatrick L, Kind AJH. A
scoping review of health disparities in
autism spectrum disorder. Journal of
Autism and Developmental Disorders.
2017;47(11):3380-3391. DOI: 10.1007/
s10803-017-3251-9

[44] Healy S, Nacario A, Braithwaite R,
Hopper C. The effect of physical activity
interventions on youth with autism
spectrum disorder: A meta-analysis.
Autism Research. 2018b;11(6):818-833.
DOI: 10.1002/aur.1955

[45] Jones EK, Hanley M, Riby DM.
Distraction, distress and diversity:
Exploring the impact of sensory
processing differences on learning
and school life for pupils with autism
spectrum disorders. Res. Autism
Spectrum Disorders. 2020;72:101515.
DOI: 10.1016/j.rasd.2020.101515

[46] Robinson L, Stodden D, Barnett L,
LopesV, Logan S, Rodrigues L, et al.
Motor competence and its effect on
positive developmental. Trajectories of
Health Sports Medicine. 2015;45(9).
DOI: 10.1007/s40279-015-0351-6

[47] Pefia J. Autism and Asperger’s
Syndrome, Guiding for Family, Friends
and Professionals. Salamanca: Amaru
Ediciones; 2004

[48] Wong C, Odom SL, Hume K,

Cox AW, Fettig A, Kucharczyk S, et al.
Evidence-based practices for children,
youth, and young adults with autism
spectrum disorder. Journal of Autism and
Developmental Disorders. 2015;45(7):1951-
1966. DOI: 10.1007/s10803-014- 2351-z

[49] Colombo-Dougovito AM. Successful
intervention strategies for autism
spectrum disorder and their use for the
development of motor skills in physical
education. Palaestra. 2015;29(2):34-41

[50] Benevides T, Shore S, Andresen M,
Caplan R, Cook B, Gassner D, et al.

9

Interventions to address health
outcomes among autistic adults: A
systematic review. Autism. 2020.
DOI: 10.1177/1362361320913664.

[51] Colombo-Dougovito AM, Block ME.
Fundamental motor skill interventions
for individuals with autism spectrum
disorder: A literature review. Review
Journal of Autism and Developmental
Disabilities. 2019;6(2):159-171.

DOI: 10.1007/s40489-019-00161-2

[52] Sorensen C, Zarrett N. Benefits

of physical activity for adolescents

with autism spectrum disorders :

A comprehensive review. Review
Journal of Autism and Developmental
Disorders. 2014;1:344-353. DOI: 10.1007/
s40489-014-0027-4

[53] Reinders NJ, Branco A, Wright K,
Fletcher PC, Bryden PJ. Scoping review:
Physical activity and social functioning
in young people with autism spectrum
disorder. Frontiers in Psychology.
2019;10:120. DOI: 10.3389/fpsyg.2019.
00120

[54] Howells K, Sivaratnam C, May T,
Lindor E, McGillivray ], Rinehart N.
Efficacy of group-based organised physical
activity participation for social outcomes
in children with autism spectrum disorder:
A systematic review and meta-analysis.
Journal of Autism and Developmental
Disorders. 2019;49(8):3290-3308. DOI:
10.1007/510803-019-04050-9

[55] Gehricke JG, Chan J, Farmer JG,
Fenning RM, Steinberg-Epstein R,
Misra M, et al. Physical activity rates in
children and adolescents with autism
spectrum disorder compared to the
general population. Research in Autism
Spectrum Disorders. 2020;70:101490.
DOI: 10.1016/j.rasd.2019.101490

[56] Blagrave A, Colombo-Dougovito A.
Experiences participating in community



Sport and Fitness in Children and Adolescents - A Multidimensional View

physical activity by families with a child on
the autism spectrum: A phenomenological
inquiry. Advances in Neurodevelopmental
Disorders. 2019;3(1):72-84. DOI: 10.1007/
s41252-018-0094-0

[57] Stanish H, Curtin C, Must A, Phillips S,
Maslin M, Bandini L. Enjoyment, barriers,
and beliefs about physical activity in
adolescents with and without autism
spectrum disorder. Adapted Physical
Activity Quarterly. 2015;32(4):302-317.
DOI: 10.1123/apaq.2015-0038

[58] Colombo-Dougovito AM,

Blagrave AJ, Healy S. A grounded theory
of adoption and maintenance of physical
activity among autistic adults. Autism:
The International Journal of Research
and Practice. 2021;25(3):627-641. DOI:
10.1177/136236132093244 420932444

[59] Buchanan A, Miedema B, Frey G.
Parents’ perspectives of physical activity
in their adult children with autism
spectrum disorder: A social-ecological
approach. Adapted Physical Activity.
2017;34(4):401-420. DOI: 10.1123/
apaq.2016-0099

[60] Hillier A, Buckingham A, Schena D.
Physical activity among adults with
autism: Participation, attitudes, and

barriers. Perceptual and Motor Skills.
2020. DOI: 10.1177/003151252 0927560

[61] Nichols C, Block M, Bishop ],
McIntire B. Physical activity in young
adults with autism spectrum disorder:
Parental perceptions of barriers and
facilitators. Autism. 2019;23(6):1398-
1407. DOI: 10.1177/1362361318810221

[62] Menear KS, Neumeier WH.
Promoting physical activity for students
with autism spectrum disorder:
Barriers, benefits, and strategies for
success. Journal of Physical Education,
Recreation & Dance. 2015;86(3):43-48.
DOI: 10.1080/07303084.2014.998395

10

[63] Pan CY. Effects of water exercise
swimming program on aquatic skills
and social behaviors in children with
autism spectrum disorders. Autism:
the International Journal of Research
and Practice. 2010;14(1):9-28. DOI:
10.1177/1362361309339496

[64] Bhat AN, Landa R]J, Galloway JC.
Current perspectives on motor
functioning in infants, children, and
adults with autism spectrum disorders.
Physical Therapy. 2011;91(7):1116-1129.
DOI: 10.2522/ptj.20100294

[65] Bras G, Correia N, Silva A. Study

of the motor profile of children

with autism spectrum disorders. In:
Rodrigues LP, Saraiva L, Barreiros J,
Vasconcelos O, editors. Studies in Child
Motor Development II. Viana do Castelo:
School of Education Polytechnic Institute
of Viana do Castelo; 2009. pp. 139-146

[66] Borremans E, Rintala P,

McCubbin J. Motor skills of young adults
with Asperger Syndrome: A comparative
study. EuroASDn Federation of Adapted
Physical Activity. 2009;2:21-33.

DOI: 10.1080/15368370701380843

[67] Fontes ACM. Psychomotor
Development in Children with Autism
Spectrum Disorders and Development.
Lisbon: University of Lisbon; 2013

[68] Lourencgo C, Esteves D, Nunes C,

Liu T. Motor proficiency of children

with autism spectrum disorder and
typically developing children in Portugal.
Journal of Physical Education and Sport.
2020;20(3):1491-1496. DOI: 10.7752/
jpes.2020.03205

[69] Bruinninks RH, Bruininks BD.
Bruininks-Oseretsky Test of Motor
Proficiency. 2nd ed. Minnesapolis, MN:
ASDrson Assessment; 2005



