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Abstract: The motric activities for children who have special educational 
needs (SEN) are adapted and individualized to their deficiencies. It is 
also considered that the development of motor skills facilitates their 
participation in various educational activities carried out at school, thus 
providing some learning opportunities. The article analyzes the way motor 
abilities influence the children with SEN in the school adaptation. The 
research was conducted between January and February 2022 at the 

School Center for Inclusive Education Brașov (Romania). The study 
included 8 subjects with intellectual disabilities (ID) and associated 
disabilities, with an average age of 5.8 years (SD = 1.3). The motor 
skills test was performed by applying Movement Assessment Battery for 
Children, Second Edition (M ABC-2), using evaluation items for 
balance, manual dexterity and for throwing and catching objects. School 
functionality was assessed by the School Function Assessment (SFA), 
through which the ability to perform the physical and cognitive-behavioral 
tasks of the children concerned was determined. The results obtained 
showed a significant connection (r= .934) between the variable of motor 
skills and the variable of school functionality, which leads us to conclude 
that motor skills can improve the functional adaptation of children with 
SEN to activities in the school environment. 
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Introduction 

Children who have special educational needs (SEN), educated in 
special education units in Romania, have difficulties in individual 
development with an impact on cognitive, psychomotor and socio-
emotional development. These children are diagnosed with intellectual 
disability (ID) and benefit from educational-therapeutic services provided by 
special education institutions for social integration, and recovery programs 
are adapted to the associated deficiencies, respecting individual 
developmental characteristics (European Commission, 2022). 

ID is a disorder that occurs in the early phases of development of the 
individual, being characterized by difficulties in adaptive and intellectual 
function, manifested in the conceptual, practical and social. The diagnosis of ID 
is made only if in the period of growth and development are identified 
intellectual deficits such as reasoning, abstract thinking, problem solving, 
learning etc., but also adaptive deficits that affect daily activities, 
communication, personal autonomy, independence from others, etc. (American 
Psychiatric Association, 2013). The children diagnosed with ID have delays that 
affect growth and development (Fegan, 2011), there is also a deficit in the brain, 
which affects the motor and cognitive field (Ashori et al., 2018).  

Children that suffer because of ID have a delay in motor 
development, the level of motor skills being lower than typical (healthy) 
children (Rintala & Loovis, 2013; Maïano & Hue, 2019). Motor impairments 
are associated with delays in cognitive, socio-emotional and behavioral 
development (Rodriguez et al., 2019), affecting personal autonomy and 
participation in social, educational and daily activities (Alesi et al., 2018). 

Severe motor deficits are usually identified by the age of 2 (Griffiths 
et al., 2018), and mild deficits are evident later, when children attend 
kindergarten and school, when they are exposed to more complex tasks, 
performing them more difficult than their mates (Griffiths et al., 2018; 
Hirata et al., 2021). 

Cognitive development is based on motor development, with a link 
between these two components (Hartman et al., 2010; Jeoung, 2018). Motor 
development can mediate the relationship between cognitive and social 
skills, because motric activities involving the improvement of motor abilities 
involve their development in a framework that facilitates the practice of 
social interaction and communication skills (Liu & Breslin, 2013). 

The development of general motor skills, but especially gross 
mobility, allows children to explore the environment in which they are, to 
adapt and respond to a wide range of stimuli, thus contributing to increasing 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Ma%C3%AFano%2C+C
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the degree of functionality during daily activities. The expansion of motor 
skills is essential for involvement in physical and sports events adapted to 
the motor potential, contributing to growth and development (Simons et al., 
2008; Downs, 2020; Jeoung, 2018), improving health and fitness at older 
ages (Griffiths et al., 2018). 

The early development of gross motor skills influences the level of 
cognitive acquisition at school age, especially in terms of mental processing 
speed and working memory. These cognitive functions play an important role 
in human learning and development (Piek et al., 2008; Buzescu et al., 2021). 

From the point of view of cognitive development, speech skills, 
mental processing speed, attention, spatio-visual skills, but also the capacity 
of the executive function are mainly affected. The executive function 
includes cognitive flexibility, the ability to inhibit (self-control) and working 
memory, contributing to the adaptation of behavior to achieve a goal 
(Klotzbier et al., 2022). 

There are deficits in sensorimotor function, and motor capacity is 
reduced, being especially affected by control, accuracy and speed of 
movement, which influence the ability to manipulate objects and postural 
control (Klotzbier et al., 2022; Jeoung, 2018). 

Specialists, families and carers must pay special care to the physical 
activities adapted to the degree of intellectual disability of each child. It is 
essential to encourage the development of motor skills by adapting activities 
to the motor potential (Wouters et al., 2019). 

In the pre-school age, in the case of children with ID, mental health 
monitoring and motor deficit identification through appropriate assessment 
tools is an important step in supporting them and their families (Griffiths et 
al., 2018; Hirata et al., 2021; Mijaică & Balint, 2013). 

The purpose of this research is to emphasis the connection between 
the motricity development of pre-schoolers with SEN and their ability to 
adapt functionally to perform activities in the school environment, using 
specific tools of objective assessment. 

Methodology 

The research was conducted between January and February 2022, in 

the School Center for Inclusive Education Brașov (Romania), which is the 
special school where the subjects from the study are educated. The studied 
group consists of 8 subjects with moderate ID, with an average age of 5.8 
years (SD = 1.3), aged between 4.3 and 5.9 years. Their distribution 
according to gender is equal, including 4 boys and 4 girls. 



Tools for Objectifying Motor Assessment and Functional Adaptability of … 
Florin Dragoş CĂPRIŢĂ & Lorand BALINT 

 

334 

For this study, the written consent of the special education 
institution where the research took place was obtained. Parents or legal 
representatives signed an agreement form informing them of the purpose of 
the research and the possible risks involved in this study, the participation of 
children in the study being voluntary. 

The results obtained were converted into values provided by the user 
manuals/guides for each test applied. The data obtained and the results were 
processed using version 22 of the Statistical Package for Social Sciences 
(SPSS). 

Movement Assessment Battery for Children, Second Edition (M 
ABC-2) was applied for perform this study to assess motor skills and School 
Function Assessment (SFA) was applied to assess functional adaptability. 
The tests are purchased from Pearson (UK) and are approved for use in 
testing children with SEN. 

M ABC-2 is a battery of tests to identify motric deficits in children 
aged 3 to 16 years by assessing 3 areas of interest: aiming and catching an 
object, manual dexterity and balance, (Henderson et al., 2007). 

The M ABC-2 provides standardized scores for the 3 areas, and their 
sum gives a total score. The assessment tool includes 8 assessment items for 
testing motor skills. For this study, the results obtained were recorded in the 
registration form for the age of 3-6 years. 

 
Manual dexterity comprises three tests: 
• Posting Coins test, consists in inserting with one hand some plastic 

coins in a container provided with a hole; 
• Threading Beads test, is a timed task that consists of stringing beads 

on a string provided with a metal end; 
• Drawing Trail is a non-timed task that involves drawing a route on a 

worksheet. 
Throwing at a target and catching an object consists of two tests: 
• Throwing Beanbag onto Mat test involves throwing a bag at a fixed 

point on the ground; 
• The Catching Beanbag test involves holding the bag with both hands. 
Static and dynamic balance is evaluated by: 
• One-Leg Balance test, consists in keeping the body in balance on one 

lower limb; 
• Walking Heels Raised test, consists of covering a distance of 4.5 m 

on a line drawn on the ground, stepping on it with one foot in front of the 
other; 
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• The Jumping on Mat test consists of making successive jumps with 
both feet from one colored square to another. 

 
SFA is a questionnaire that assesses the functional performance and 

involvement of children in school activities (Coster et al., 1998). 
The SFA is aimed at pre-school children up to the age of 12 and 

consists of three parts that assess participation in various activities in the 
educational environment, homework assistance and the child's performance 
in educational activities. 

The data of the questionnaire were completed by the members of 
the multidisciplinary team (psycho-pedagogue, physiotherapist, educator) 
who provide educational-therapeutic or assistance services to the subjects 
included in the study. 

The score obtained was converted into a criterion score that is 
between 0-100, where the value of 100 represents the maximum level of 
functionality achieved by the child for that area. 

Results 

The subjects of the study are educated in the special education unit 
and have special educational requirements, diagnosed by specialists with 
moderate intellectual disability and associated deficiencies. From the studied 
group, 7 subjects have autism spectrum disorders, and one subject has 
disorders in neuro-motor development. 

By applying the SFA questionnaire, it was observed (Table 1) that 
the investigated pre-schoolers have a better functional adaptability in 
performing physical tasks in educational activities, compared to the 
cognitive-behavioral tasks they have to perform. 
 

Table 1. The results obtained for each part of the SFA 

SFA 
Criterion 

Score 

Mean SD 
Components Items 
Part I 
Classroom 
participation 

 
Participation in the special education 
class/group 

 
51.50 

 
3.78 

Part II 
Support for 
children in 
completing tasks 

 
Physical tasks 
Cognitive-behavioral tasks 

 
53.38 
36.50 

 
6.25 
4.17 

Part III Physical tasks   
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Children's 
performance in 
activities 

Movement 
Maintaining and changing posture 
Recreational motor activities 
Object manipulation 
Using tools and materials 
Arranging and organizing the space 
Drinking fluids and eating 
Clothing management 
Hygiene management 
Going up and down the stairs 

 
Cognitive-behavioral tasks 
Memory capacity and understanding 
Functional communication 
Respecting social norms 
Compliance with adult and school guidelines 
Behavior and completion of tasks 
Interaction with others 
Behavioral adaptation 
Awareness of personal care 
Safety awareness 

67.63 
64.75 
50.63 
54.75 
51.88 
55.63 
54.00 
58.50 
51.75 
51.00 

 
 

49.25 
39.38 
41.88 
52.63 
48.00 
47.50 
45.75 
48.38 
43.13 

3.96 
3.61 
3.77 
2.96 
2.32 
3.46 
1.77 
1.60 
2.12 
2.77 

 
 

3.53 
2.44 
2.53 
1.40 
1.51 
3.33 
2.43 
2.82 
3.09 

 
Thus, in the first part of the SFA, the subjects obtained a criterion 

score of 51.50, representing an average degree of functionality in 
participating in activities specific to the educational environment in the 
special education classes they belong to (Figure 1). 
 

 

Figure 1. Participation of children in the special education class/group  
(SFA, Part I) 

Accomplished 

51% 
Unaccomplished 

49% 

SFA (Part I) - Participation in the special education class/group 
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In Part II, the ability of children to perform tasks with the help of 
educators/therapists was assessed, thus obtaining better results (53.38) in 
physical tasks (Figure 2), compared to cognitive-behavioral tasks (36.50) 
which are performed at a low level of functionality (Figure 3). 

 

Figure 2. Fulfillment of cognitive-behavioral tasks by children with support (SFA, 
Part II) 

 

Figure 3. Fulfillment of physical tasks performed by children with support (SFA, 
Part II) 

In Part III of the SFA, the results obtained show that the 
performances in performing physical tasks are better, compared to the 
cognitive-behavioral ones. The higher scores obtained on the range (67.63) 
and the movement from different positions and positions (64.75) 
demonstrate a good ability of the subjects to explore the environment in 
which the educational activities are carried out (Figure 4). 

Accomplished 

53% 
Unaccomplished 

47% 

SFA (Part II) - Physical Tasks 

Accomplished 

36% 
Unaccomplished 

64% 

SFA (Part II) - Cognitive/behavioral Tasks 



Tools for Objectifying Motor Assessment and Functional Adaptability of … 
Florin Dragoş CĂPRIŢĂ & Lorand BALINT 

 

338 

In the daily activities that include feeding and feeding with liquids (54.00), clothing (58.50), personal hygiene 
(51.76), the values of the scores obtained represent an average capacity to perform these tasks. 

 

 

Figure 4. Activity performance with physical tasks in Part III (SFA) 

Activities involving gross and fine motor abilities, for exemple the use of tools/instruments (51.88), handling of 
objects (54.75), the arrangement of the workspace (55.63) and participation in recreational motor activities (50.63) are 
performed at an acceptable level of performance. 

Movement

Maintaining and

changing

posture

Recreational

motor activities

Object

manipulation

Using tools and

materials

Arranging and

organizing the

space

Drinking fluids

and eating

Hygiene

management

Clothing

management

Going up and

down the stairs

Score 67.63 64.75 50.63 54.75 51.88 55.63 54 51.75 58.5 51

0

10

20

30

40

50

60

70

80

V
a

lu
e
 

 SFA (Part III) - Children's activity performance for physical tasks 
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Cognitive-behavioral tasks are performed at a low level of performance, a situation related to the fact that 
subjects are diagnosed with intellectual disabilities (Figure 5). Also, the low value of the score obtained in functional 
communication (39.38) is influenced by language disorders and the specificity of the associated deficiencies of the 
subjects included in the study. On the other hand, there is a higher value of children in adapting to the instructions of 
adults and in observing school rules (52.63), this being influenced by the adapted way of communication between 
subjects and educators/therapists. Being an average value, the score indicates that it is necessary to adapt the rules and 
instructions provided by adults, depending on the children's ability to understand. 

 

Figure 5. Activity performance with cognitive- behavioral tasks in Part III (SFA) 
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SFA  (Part III) - Children's activity performance for cognitive-behavioral tasks  
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The values obtained by the observance of the social norms (41.88) 
by the subjects, indicate the fact that they have a reduced capacity to adapt 
the behavior according to the situation in which they are. The low level of 
safety awareness (43.13) demonstrates the need for close supervision by 
adults during educational activities. 

The low values obtained for comprehension and memory (49.25), 
for adapting behavior in performing tasks required by adults (48.00), but also 
the interaction of subjects with classmates (47.50), show that it is necessary 
to adapt teaching-learning methods in educational activities and the 
intervention of specialized therapists to remedy these deficiencies. 

In the case of motor assessment (Table 2), difficulties were identified 
in all motor areas assessed. This expresses the movement difficulties specific 
to subjects with ID, a feature that influences motor development, negatively 
influencing the functional capacity to participate in educational activities.  

 
Table 2. Results obtained for components of the M ABC-2 

M ABC-2 

Item 
standard 

score 
Component Score 

Mean SD 
Percentile (%) 

Components Items Mean SD Minim Maxim 

Manual 
dexterity 

Threading Beads 
Posting Coins 
Drawing a Trail 

3.00 
5.50 
2.88 

1.77 
3.16 
3.48 

2.43 3.05 0.5 9 

Aiming and 
catching an 
object 

Catching 
Beanbag 
Throwing 
Beanbag into 
Mat 

5.50 
7.88 

1.77 
0.64 

14.75 11.47 5 37 

Balance One-Leg Balance 
Jumping on Mat 
Walking Heels 
Raised 

9.38 
7.75 
5.88 

1.99 
3.05 
1.64 

18.37 18.36 9 63 

 
The results of the manual dexterity assessment (2.43) express the 

deficits in fine motor skills that pre-school children generally face with SEN. 
Fine motor skills are assessed by tests involving tweezers and grasping, 
actions that influence the use of tools, personal care skills such as dressing, 
closing and opening buttons, etc. The development of fine motor skills 
contributes to increasing the capacity for self-care and personal autonomy. 
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Higher values, but below the average level, were obtained at static 
and dynamic balance (18.37), which expresses that the targeted subjects have 
a good ability to maintain positions and positions in static and dynamic 
physical activities, and more complex motor activities are performed with 
difficulty, requiring the assistance of therapists and educators. 

The coordination of the upper limbs, which in our case involves 
throwing and catching objects (14.75) are rated at low values, because the 
speed of execution and accuracy of movements is limited, which requires 
activities to accommodate children with the object and the proposed task.  
 

Table 3.The correlation between the motor skills variable and the school 
functional adaptability variable 

 SFA M ABC-2 

 SFA Pearson Correlation 

Sig. (2-tailed) 

N 

1 

 

8 

.934 

.001 

8 

 M ABC-2 Pearson Correlation 

Sig. (2-tailed) 

N 

.934 

.001 

8 

1 

8 

 
The values obtained by the subjects, following the application of the 

tests, showed that there is a significant connection (r =.934) between the 
variable of motor skills and the variable of school functionality, which leads 
us to conclude that the directed development of motor abilities can be an 
essential factor in the functional adaptation of preschoolers to educational 
activities (Table 3). 

Limits and Discussions 

The educational-therapeutic activities, carried out by children with 
SEN in special schools, must be adapted to their level of development. Even 
if these children are of similar age and are included in the same class, they 
show individual developmental features, there are differences in cognitive, 
socio-emotional and motor development (Vuijk et al., 2010). 

The use of M ABC-2 for motor assessment shows that the low 
results for manual dexterity (2.43) obtained by the subjects included in the 
study demonstrate that activities involving fine motor skills require a higher 
cognitive demand (Vuijk et al., 2010), compared to the other evaluated 
motor areas, where better values were obtained at equilibrium (18.37) and 
when throwing and catching objects (14.74). 
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The involvement of children in motor activities adapted for the 
purpose of motor development, stimulates their cognitive and socio-
emotional capacity, positively influencing the level of functional adaptation 
to the tasks performed in the educational environment. 

SFA is a standardized assessment tool that measures the functional 
performance of children in educational activities, by using assessment items 
for physical, cognitive and socio-emotional tasks. Objective assessment of 
the functional adaptability of students with SEN is an important element to 
provide educational services tailored to the level of development of each 
child (Kim et al., 2021). 

Through the use of SFA, in the second part there is a low level of 
fulfillment of physical tasks (53.38) and cognitive-behavioral tasks (36.50), 
students needing support from specialists in performing school tasks. This 
influences the functional performance of children, in the third part of the 
test being identified low values in some items such as functional 
communication (39.38), memory and comprehension (49.25), affecting the 
capacity for personal autonomy and independence from specialists who 
provide services educational and therapeutic, but also to their family. 

M ABC-2 and SFA are objective assessment tools that can be used in 
the design of educational-therapeutic activities adapted to children with 
SEN, diagnosed with ID, to streamline teaching and therapeutic methods 
and means, in order to cultivate the potential of each child in special 
education, facilitating integration their social status. 

The limitations of the study are provided by the fact that the 
research took place in a single educational unit and the number of subjects 
included in the research is low. 

Conclusions 

Following the assessment of motor skills, a reduced capacity for fine 
motor skills involving manual dexterity is observed (2.43), with better results 
being obtained in motor activities that involve maintaining static and 
dynamic balance (18.37). This situation expresses the need to improve gross 
motor skills for influence the development of fine motor skills through 
therapeutic activities adapted to the degree of cognitive development and 
motric skills of children. 

The correlation (r =.934) between the variable of motor skills and 
the variable of school functionality, demonstrates that motor activities 
adapted to the level of development of subjects, can increase the degree of 
functionality of children with SEN in educational activities, thus 
contributing to the growth of cognitive and socio-emotional skills by 

https://context.reverso.net/traducere/engleza-romana/improvement
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increasing the degree of personal autonomy and independence, facilitating 
the process of social integration. 

The results obtained by subjects who perform physical (53.38) and 
cognitive-behavioral (36.50) tasks in educational activities show that there is 
a need for ongoing support from specialists and families to support children 
with SEN so that children can perform the proposed tasks and develop their 
functional performance. 

In order to design an individualized educational-therapeutic program 
for children with SEN, diagnosed with ID, special education specialists need 
specific tools for objective assessment of the motor, socio-emotional and 
cognitive field, and in this situation the M ABC-2 and SFA tests are 
recommended. 

References 

Alesi, M., Battaglia, G., Pepi, A., Bianco, A., & Palma, A. (2018). Gross motor 
proficiency and intellectual functioning: a comparison among children with 
Down syndrome, children with borderline intellectual functioning, and 
typically developing children. Medicine, 97(41). 
https://doi.org/10.1097/MD.0000000000012737 

American Psychiatric Association. (2013). Diagnostic and statistical manual of mental 
disorders, 5th Edition. American Psychiatric Publishing. 
https://doi.org/10.1176/appi.books.9780890425596 

Ashori, M., Norouzi, G., & Jalil-Abkenar, S. S. (2018). The effectiveness of motor 
therapy on motor skills and bilateral coordination of children with 
intellectual disability. Iranian Rehabilitation Journal, 16(4), 331-338. 
https://doi.org/10.32598/IRJ.16.4.331 

Buzescu, R., Nechita, F., & Cioroiu, S.G.(2021). The relationship between 
neuromuscular control and physical activity in the formation of the visual-
psychomotor schemes in preschools. Sensors, 21(1), 224. 
https://doi.org/10.3390/s21010224 

Coster, W. J., Deeney, T., Haltiwanger, J., & Haley, S. (1998). School Function 
Assessment. Pearson. 

Downs, S. J., Boddy, L. M., McGrane, B., Rudd, J., Melville, C. A., & Foweather, L. 
(2020). Motor competence assessments for children with intellectual 
disabilities and/or autism: a systematic review. BMJ Open Sport & Exercise 
Medicine, 6(1). https://doi.org/10.1136/bmjsem-2020-000902 

European Commission (2022). Separate special education needs provision in early childhood 
and school education. National Policies Platform, Eurydice. 
https://eacea.ec.europa.eu/national-policies/eurydice/content/separate-

https://doi.org/10.1097/MD.0000000000012737
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.32598/IRJ.16.4.331
https://doi.org/10.3390/s21010224
https://doi.org/10.1136/bmjsem-2020-000902
https://eacea.ec.europa.eu/national-policies/eurydice/content/separate-special-education-needs-provision-early-childhood-and-school-education-56_en


Tools for Objectifying Motor Assessment and Functional Adaptability of … 
Florin Dragoş CĂPRIŢĂ & Lorand BALINT 

 

344 

special-education-needs-provision-early-childhood-and-school-education-
56_en  

Fegan, P., L. (2011). Intellectual disabilities. In J. P. Winnick (Ed.), Adapted physical 
education and sport - 5th Edition (pp.158–179). Human Kinetics. 

Griffiths, A., Toovey, R., Morgan, P. E., & Spittle, A. J. (2018). Psychometric 
properties of gross motor assessment tools for children: a systematic 
review. BMJ Open, 8(10). http://dx.doi.org/10.1136/bmjopen-2018-
021734 

Hartman, E., Houwen, S., Scherder, E., & Visscher, C. (2010). On the relationship 
between motor performance and executive functioning in children with 
intellectual disabilities. Journal of Intellectual Disability Research, 54 (5), 468–
477 https://doi.org/10.1111/j.1365-2788.2010.01284.x 

Henderson, S. E., Sugden, D. A., & Barnett, A. L. (2007). The Movement Assessment 
Battery for Children – 2. Pearson Education. 

Hirata, S., Kita, Y., Suzuki, K., Kitamura, Y., Okuzumi, H., & Kokubun, M. (2021). 
Motor ability and mental health of young children: a longitudinal study. 
Frontiers in Education, 6. https://doi.org/10.3389/feduc.2021.725954 

Jeoung, B. (2018). Motor proficiency differences among students with intellectual 
disabilities, autism, and developmental disability. Journal of Exercise 
Rehabilitation, 14(2), 275-28. https://doi.org/10.12965/jer.1836046.023 

Kim, H. J., Lee, S. J., & Kam, K. (2021). Reliability and validity of the School 
Function Assessment for children with disabilities in Korea: applying rasch 
analysis. International Journal of Disability, Development and Education. 
https://doi.org/10.1080/1034912X.2020.1870665 

Klotzbier, T. J., Holfelder, B., & Schott, N. (2022). Associations of motor 
performance and executive functions: comparing children with Down 
Syndrome to chronological and mental age-matched controls. Children, 9(1), 
73. https://doi.org/10.3390/children9010073 

Liu, T., & Breslin, C. M. (2013). Fine and gross motor performance of the MABC-2 
by children with autism spectrum disorder and typically developing 
children. Research in Autism Spectrum Disorders, 7(10), 1244-1249. 
https://doi.org/10.1016/J.RASD.2013.07.002 

Maïano, C., & Hue, O. (2019). Effects of motor skill interventions on fundamental 
movement skills in children and adolescents with intellectual disabilities: a 
systematic review. Journal of Intellectual Disability Research, 63(9), 1163-1179 
https://doi.org/10.1111/jir.12618 

Mijaică, R. & Balint, L. (2013). Educație fizică şcolară: coordonate teoretico – metodice ale 

activității de predare învățare-ciclul primar de învățământ [School physical education: 
theoretical-methodical coordinates of the teaching-learning activity - the primary level of 
education]. Transilvania University Publishing House. 

https://eacea.ec.europa.eu/national-policies/eurydice/content/separate-special-education-needs-provision-early-childhood-and-school-education-56_en
https://eacea.ec.europa.eu/national-policies/eurydice/content/separate-special-education-needs-provision-early-childhood-and-school-education-56_en
http://dx.doi.org/10.1136/bmjopen-2018-021734
http://dx.doi.org/10.1136/bmjopen-2018-021734
https://doi.org/10.1111/j.1365-2788.2010.01284.x
https://doi.org/10.3389/feduc.2021.725954
https://doi.org/10.12965/jer.1836046.023
https://doi.org/10.1080/1034912X.2020.1870665
https://doi.org/10.3390/children9010073
https://www.sciencedirect.com/journal/research-in-autism-spectrum-disorders
https://doi.org/10.1016/J.RASD.2013.07.002
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Ma%C3%AFano%2C+C
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Hue%2C+O
file:///C:/Users/Utilizator/Downloads/63(9
https://doi.org/10.1111/jir.12618


Broad Research in 
Artificial Intelligence and Neuroscience 

March 2023 
Volume 14, Issue 1 

 

345 

Piek, J. P., Dawson, L., Smith, L. M., & Gasson, N. (2008). The role of early fine 
and gross motor development on later motor and cognitive ability. Human 
Movement Science, 27(5), 668-681. 
https://doi.org/10.1016/j.humov.2007.11.002 

Rintala, P., & Loovis, E. M. (2013). Measuring motor skills in Finnish children with 
intellectual disabilities. Perceptual and Motor Skills, 116(1), 294-303. 
https://doi.org/10.2466/25.10.PMS.116.1.294-303 

Rodriguez, M. C., Wade, T. J., Veldhuizen, S., Missiuna, C., Timmons, B., & 
Cairney, J. (2019). Emotional and behavioral problems in 4- and 5-year-old 
children with and without motor delays. Frontiers in Pediatrics, 7, 474. 
https://doi.org/10.3389/fped.2019.00474 

Simons, J., Daly, D., Theodorou, F., Caron, C., Simons, J., & Andoniadou, E. 
(2008). Validity and reliability of the TGMD-2 in 7–10-year-old Flemish 
children with intellectual disability, Adapted Physical Activity Quarterly, 25(1), 
71-82, https://doi.org/10.1123/apaq.25.1.71 

Vuijk, P. J., Hartman, E., Scherder, E. & Visscher, C. (2010). Motor performance of 
children with mild intellectual disability and borderline intellectual 
functioning. Journal of Intellectual Disability Research, 54(11), 955–965. 
https://doi.org/10.1111/j.1365-2788.2010.01318.x 

Wouters, M., Evenhuis, H. M., & Hilgenkamp, T. I. M. (2019). Physical activity 
levels of children and adolescents with moderate-to-severe intellectual 
disability. Journal of Applied Research in Intellectual Disabilities, 32(1), 131-142. 
https://doi.org/10.1111/jar.12515 

 

https://www.sciencedirect.com/journal/human-movement-science
https://www.sciencedirect.com/journal/human-movement-science
https://doi.org/10.1016/j.humov.2007.11.002
https://doi.org/10.2466%2F25.10.PMS.116.1.294-303
https://doi.org/10.3389/fped.2019.00474
https://doi.org/10.1123/apaq.25.1.71
https://doi.org/10.1111/j.1365-2788.2010.01318.x
https://doi.org/10.1111/jar.12515

