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Abstract  Cerebral Palsy (CP) is characterized by an atypical neurodevelopmental state which is the result of 
non-progressive disturbances in the developing brain. CP is accompanied by problems related to movement, posture, social 
interaction, language and communication. Children with CP have an increased risk of motor learning problems related to 
arithmetic; fine motor skills deficits are casual factors underlying arithmetic performance. The aim of this article was to 
provide an overview of arithmetic performance, fine motor skills and the role of fine motor skills on arithmetic. Five 
electronic databases (Pubmed, Scopus, Science direct, EMBASE, Central) from 1980 to 2016 were searched with keywords 
"cerebral palsy" and "arithmetic performance", and "fine motor skill" including the word (and) between these words. Studies 
were included based on the following criteria: (1) participants were individuals with CP; (2) studies which assessed 
arithmetic performance; and (3) participants were assessed for fine motor abilities in order to evaluate the relationship 
between arithmetic performance and fine motor skills. Studies were excluded if participants were not CP and fine motor skills 
were not assessed. Search results identified 74 articles; after the review, 11 relevant articles were identified. Based on 
full-text, only 6 articles had the strict inclusion criteria. With regard to the high risk for arithmetic problems in individuals 
with CP, information about arithmetic performance and the role of fine motor skills on different components of arithmetic 
skills is limited. Further research should address this issue. The findings of this review are expected to have potentially 
important implications for educational practice and also increase our theoretical understanding of rehabilitation programs to 
improve manual dexterity. 
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1. Introduction 
Historically, the definition of Cerebral palsy (CP) has 

varied over the years. CP is a group of non- progressive 
disorders caused by brain damage in early life, often 
characterized in terms of its core deficits, including social 
interaction, language, cognition domains and 
musculoskeletal problems [1, 2]. These secondary 
impairments can progress in negative mode during their life 
span [3]. CP is one of the most common physical disabilities 
with a prevalence of 2.11 per 1000 live birth [4]. Especially, 
CP is classified according to the type of motor symptoms: 
Spastic, Dyskinetic, or Ataxic [5]. 

As might be expected, children with CP have an increased 
risk of motor learning problems among all types of CP [6]. 
Importantly, it has been found that arithmetic learning 
difficulties seem to be somewhat more common in children  
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with CP [7]. However, numerical information is known as an 
important aspect of our society in everyday activities such as 
doing educational practice, paying for shopping, and setting 
dates [8, 9]. Problems can occur in combination with deficits 
in fine motor skills. 

Fine motor skill is related to the use of small muscles 
involved in movement to manipulate objects [10]. It is 
associated with various aspects of physical activities such as 
eating, getting dressed and writing [11, 12]. For children 
with CP, deficit in fine motor skills may negatively impact 
their education especially learning arithmetic [7]. In 
academic achievement (learn to count and solve addition 
task), fingers can play a key role [13]. 

1.1. Arithmetic Development 

Developing of arithmetic performance is known as 
hierarchical manner. A literature review reported that the 
approximate number system can be beneficial for developing 
numerical presentations. Basic calculations, such as counting 
and comparing quantities influence the later development of 
intricate abilities such as multiplication and division [14]. 
Generally, acquisition of counting, subitizing, and simple 
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arithmetic operations has implications in one’s daily 
activities, academic and work success. 

1.2. Arithmetic Learning Difficulties 

Abnormal motor development in children with CP in most 
cases is associated with multiple disabilities [15]. As a result 
of these multiple disabilities these children have an increased 
risk of learning difficulties. However, high prevalence (44%) 
of learning problems can be interpreted in these [16, 17]. 
Liptak and Accardo [18] reported that it is estimated that  
75% of the children with CP are slow learners. Based on a 
few available studies, learning difficulties in the area of 
arithmetic is more observed in children with CP. For 
example, among children with CP who follow mainstream 
education, 78% were found to have mild difficulties in 
arithmetic performance [19]. One study showed that 36% of 
these children had specific learning difficulties, with 25% 
having difficulty in arithmetic [7]. There are many factors 
that can impact the arithmetic performance, for example, 
cognitive items such as working memory, executive function, 
and non-verbal intelligence [20, 21]. Furthermore, Cameron 
and colleagues [22]; Bender and Beller [13]; and Wood & 
Fischer [23] concluded that fine motor skills can be one of 
the most important factors which can limit the level of 
arithmetic performance. It is obvious that children with CP 
have manual dexterity deficits which may negatively affect 
their arithmetic performance. The aim of this study is to 
provide an overview on arithmetic performance, fine motor 
skills and the role of fine motor skills in arithmetic 
performance in children with CP.  

2. Methods 
2.1. Search Strategy 

Five electronic databases (Pubmed, Scopus, Science direct, 
EMBASE, and Central) from 1980 to 2016 were searched 
with keywords "cerebral palsy" and "arithmetic 
performance", and "fine motor skill". 

2.2. Inclusion / Exclusion Criteria 

Studies were included based on the following criteria: (1) 

the participants were individuals with CP; (2) studies 
assessed arithmetic performance; (3) participants were 
assessed for fine motor abilities in order to evaluate the 
relationship between arithmetic performance and fine motor 
skills. Studies were excluded if participants were not CP, and 
fine motor skills were not assessed. 

2.3. Data Extraction and Analysis 

Data extraction was performed on all articles according to 
inclusion criteria as (1) the participants’ characteristics, (2) 
measurement of arithmetic performance and fine motor skills, 
and (3) level of arithmetic performance and motor function.  

3. Results  
Our search results identified 74 articles (Fig. 1). After 

review, 11 relevant articles were identified. Based on full- 
text, only 6 articles had the strict inclusion criteria [24-29], 
among which two articles [24, 25] were found in the 
reference lists. 

3.1. Participants’ Characteristic  

Participants’ characteristics are shown in Table 1. Two of 
the included studies recruited 56 children with CP and motor 
disabilities and examined whether fine motor skills are 
significantly related to the arithmetic performance of 
children with CP [28, 29]. A study with 116 primary school 
children based on a formal diagnosis of cerebral palsy 
explored the influence of motor variables on arithmetic 
performance [27]. Another study compared arithmetic 
performance based on the children’s motor skills in 41 
children with CP in special education, 16 children with CP in 
mainstream education, and 16 typically developing children 
as the control group [26]. The two last studies investigated 
the effect of manual skills and hand skill asymmetry during 
counting performance in children with CP and control group 
and reported performances of children with right and left 
hemiplegia and sibling controls on a test of manual dexterity 
and arithmetical computation skill, respectively [25, 24]. 
The mean, standard deviation and percentage of included 
factors can be found in Table 1, 2 and 3. 

 

Figure 1.  Flow chart of searching result of the relationship between arithmetic performance and fine motor skills in children with cerebral palsy 

Searches keywords from 5 databases 

74 titles abstract 

11 articles 

6 articles 

5 excluded articles had not fine motor skills assessed 
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Table 1.  Summary of participates’ characteristics 

Authors 
Number of children Sex, n (%) Age 

range 
(years) 

Mean age (SD) 

CP TD CP-male TD- male CP TD 

 
Van Rooijen et al., (2015) 

 

 
56 

 

 
- 
 

 
37 (66) 

 

 
- 
 

 
6 
 

 
6.0(0.61) 

 

 
- 
 

 
Van Rooijen et al., (2015) 

 

 
56 

 
- 

 
37(66) 

 
- 

 
6-8 

 
6.0(.58) 

 
- 

 
Van Rooijen et al. (2012) 

 

 
116 

 

 
- 
 

 
76(65) 

 

 
- 
 

 
6-7 

 

 
7.3 (3) 

 

 
- 
 

 
Jenks et al. (2009) 

 
 

 
41 CP- Special 

16 CP-mainstream 
 

 
16 

 
 

 
28(68.3) 
9 (56.7) 

 

 
9 (56.3) 

 
 

 
- 
 
 

 
7.0 (.7) 
7.0 (.4) 

 

 
6.9(.4) 

 
 

 
Dellatolas et al., (2005) 

 
 

 
30 

 

 
30 G1 

30 G2 

 
18(60) 

 
 
 

 
- 
 
 
 

 
7-8 

 
 
 

 
7.52(.33) 

 
 

 
7.42(.26) 
7.52(.16) 

 
 

 
Kiessling et al., (1983) 

 
 

 
8- Right 
8-Left 

 

- 
13 

 
- 
 
 

 
- 
 

 
7-16 

 
 

 
- 
 
 

 
- 
 
 

CP, Cerebral Palsy 
TD, Typical development 
G1 , Group1 
G2 , Group2 

Table 2.  Descriptive statistics of the included variables 

Authors 
Non-verbal intelligence 

Mean (SD) 
Verbal working memory 

Mean (SD) 
Visuospatial working memory 

Mean(SD) 

 
Van Rooijen et al., (2015) 

 

 
14.2(4.3) 

 

 
15.9 (5.5) 

 

 
3.1(1.9) 

 
 

Van Rooijen et al., (2015) 
 

 
14.2(4.3) 

 
15.9(5.5) 

 
3.1(1.9) 

 
Van Rooijen et al. (2012) 

 

 
77.10(35.72) 

 

 
- 
 

 
- 
 

 
Jenks et al. (2009) 

 
 

 
CP- Special         85.4(14.4) 
CP-mainstream     95.3(16.7) 

 

 
- 
- 
 

 
- 
 
 

Dellatolas et al., (2005) 
 
 

- 
 

- 
 
 
 

- 
 
 
 

Kiessling et al., (1983) 
 
 

- 
 

- 
 
 

- 
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Table 3.  Type of CP and Gross motor Impairment in percentage  

 

Authors 

Type Of CP GMFC 

Spastic Dyskinetic Ataxic 
Spastic 

& 
Dyskintic 

& I II III IV V 
 Unilateral Bilateral   Dyskinetic Ataxic 

Van Rooijen et al., 
(2015) 

 
33 66 9 - 8 2 21 35 12 17 15 

 
Van Rooijen et al., 

(2015) 
 

33 66 9 - 8 2 21 35 12 17 15 

Van Rooijen et al. (2012) 
 

 
36 

 
48 

12 3 - - 48 17 15 8 12 

Jenks et al. (2009) 
 
 

CP- Special    24 
CP-mainstream  74 

 

70 
18 

- 
- 

4 
6 

- 
- 

- 
- 

26 
62 

24 
12 

22 
25 

24 
0 

2 
0 

Dellatolas et al., (2005) 
 

66 33 - - - - - - - - - 

Kiessling et al., (1983) 
 

100 - - - - - - - - - - 

 

3.2. Measurement of Arithmetic Performance and Fine 
Motor Skills  

Several different measures were used to assess the 
arithmetic performance and fine motor skills. Two studies 
used The Early Numeracy Test- Revised to assess arithmetic 
and numeracy performance of children with CP [28, 29]. 
This comprehensive task consists of two parts which 
emphasizes the concepts of comparison, classification, 
one-to-one correspondence, counting skills and general 
understanding of numbers as well as addition and subtraction 
items. Fine motor skills of these children were assessed by 
the Box & Block test which is divided by a partition into two 
equal sides. The children had to move the blocks with both 
hands separately to the other side of the box as quickly as 
possible in one minute. In a study, the measurement of motor 
ability was done through Abilhand questionnaire which 
examines children’s manual dexterity in daily activities. It is 
a parent reported about «what a child usually does» to 
indicate whether his/her child performs this action in an easy, 
impossible or difficult way. Arithmetic performance was 
measured with a standardized arithmetic achievement test, 
the Student Monitoring System for Arithmetic Performance. 
This test includes three parts for addition, subtraction and 
multiplication problems [27]. In another study, an addition, a 
subtraction test and the Bimanual Fine motor Function Scale 
were administered to measure the children’s arithmetic 
ability and fine motor impairment of children with CP, 
respectively [26]. Another paper measured manual skill with 
the Computerized Peg Moving task (moving the pegs to   
the hole as quickly as possible) and among 19 subtests of   
the Neuropsychological battery, two involved counting 

(counting dots and Counting backwards) could be 
considered as an assessment of mathematical performance 
[25]. In the last study, the degrees of hand impairment and 
arithmetic problem-solving were assessed with the Annett 
Pegboard and the Wide Range Achievement Test [24]. 

3.3. Relationship between Arithmetic Performance and 
Fine Motor Skills 

Six studies reported a relationship between arithmetic 
performance and fine motor skills in children with CP 
[24-29]. Two studies that examined an association between 
arithmetic and numeracy performance of children with CP 
and their fine motor skills found a positive relationship 
between fine motor skills and arithmetic performance [28, 
29]. Another study using the Student Monitoring System for 
Arithmetic Performance and the Abilhand questionnaire 
investigated the influence of motor variables on arithmetic 
performance. This study reported that fine motor skills were 
related to the ability to solve addition and subtraction tasks in 
primary school children with CP [27]. 

The study that used an addition, a subtraction test and the 
Bimanual Fine motor Function Scale in 41 children with CP 
in special education, 16 children with CP in mainstream 
education, and 16 typically developing children highlighted 
the importance of left-hand impairment for arithmetic 
computation skills in children with CP, and showed that the 
slower the speed to solve addition and subtraction tasks, the 
greater the hand impairment of children with CP [26]. 
Furthermore, there were two studies reporting a strong 
correlation among poor mathematical computation, counting 
performance, and left-hand impairment [25, 24]. 
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All studies that compared arithmetic performance between 
children with CP and their typically developing peers 
reported that children with CP performed less arithmetic 
performance than typically developing peers [26, 25, 24]. 

4. Discussion 
Based on our search, there are not many studies published 

on this topic. This review aimed to improve our 
understanding of arithmetic performance in children with CP 
to scrutinize the possible role of fine motor skills in 
arithmetic skills. This study also reviewed different 
measurements of the included studies. With respect to 
different measurements, and also included variables of these 
studies such as; gender, age, type of CP, Gross motor 
Impairment, non verbal intelligence, verbal working 
memory, and visuospatial working memory, this enabled us 
to better clarify the validity of the results in an objective 
manner. 

It has been stated that this review study has some 
limitations due to the variety of studies. First, some of the 
included articles had not used validated versions of the 
existing tests for children with CP and there was a lack of 
validated tasks to assess performances of children with CP. 
Second, experimental design of some articles was not 
completely described. Furthermore, these articles used 
different measurement to assess arithmetical skills and fine 
motor skills which can have bias and errors. Altogether, 
these limitations impede the interpretation and 
generalization of the results. 

Using validated and standardized norm referenced tests or 
comprehensive experimental design to assess arithmetic and 
numeracy performance and fine motor skills are 
recommended for future research. 

Although there is abundance great number of studies on 
arithmetical skills of children with CP, specific information 
regarding the relationship between arithmetic performance 
and fine motor skill and also its role in different components 
of mathematical skills is lacking. Therefore, further research 
should focus on this issue in children with CP using valid and 
reliable measures. The direction of this influence is a matter 
of debate. More knowledge about the relationship between 
arithmetic learning problems and fine motor skills may have 
implications for the development of evidence-based 
intervention programs and learning protocols for children 
with CP. 

5. Conclusions  
The substantial aim of this review was to provide a starting 

point with respect to arithmetic learning problems in children 
with CP and to examine the role of fine motor skills in these 
problems. There are few studies in this domain. An overall 
significant effect of fine motor skills has been reported  
with regard to the ability to solve addition and subtraction 
tasks in this group of children. With respect to different 

measurements, we found that the relationship between fine 
motor skills and arithmetic performance was positive (the 
slower speed to solve mathematical computation was 
associated with greater hand impairment). The precise nature 
of this relationship remains to be further investigated. In 
addition, the remedial education and training of fine motor 
skills might accelerate their arithmetical abilities. So, insight 
in motor learning, and arithmetic learning problems in 
relation to fine motor skills will advance the development of 
evidence -based intervention programs in children.  

ACKNOWLEDGMENTS 
The authors would like to thank the Research Consultation 

Center (RCC) of Shiraz University of Medical Sciences for 
their invaluable assistance in editing the manuscript.  

 

REFERENCES 
[1] Rosenbaum, P., Paneth, N., Leviton, A., Goldstein, M., Bax, 

M., Damiano, D., Dan, B., & Jacobsson, B. A report: The 
definition and classification of cerebral palsy. April, 2006. 
Developmental Medicine & Child Neurolog .2007; 49, 8–14. 

[2] Andersen, G. L., Irgens, L. M., Haagaas, I., Skranes, J. S., 
Meberg, A. E., & Vik, T. Cerebral palsy in Norway: 
Prevalence, subtypes and severity. European Journal of 
Paediatric Neurology.2008; 12(1), 4–13. 

[3] Novak, I., Hines, M., Goldsmith, S., Barclay, R.. Clinical 
prognostic messages from a systematic review on cerebral 
palsy. Pediatrics.2012; 130, e1285–1312. 

[4] Oskoui, M., Coutinho, F., Dykeman, J., Jette, N., Pringsheim, 
T. An update on the prevalence of cerebral palsy: a systematic 
review and meta-analysis. Dev. Med. Child Neurol. 2013; 55, 
509–519. 

[5] Surveillance of Cerebral Palsy in Europe. Prevalence and 
characteristics of children with cerebral palsy in Europe. 
Developmental Medicine and Child Neurology.2002; 44(9), 
633–640. 

[6] Østensjø, S., Carlberg, E. B., & Vøllestad, N. K. Everyday 
functioning in young children with cerebral palsy: Functional 
skills, caregiver assistance, and modifications of the 
environment. Developmental Medicine & Child Neurology. 
2003; 45, 603–612.  
doi:10.1111/j.1469-8749.2003.tb00964.x. 

[7] Frampton, I., Yude, C., & Goodman, R. The prevalence and 
correlates of specific learning difficulties in a representative 
sample of children with hemiplegia. British Journal of 
Educational Psychology.1998; 68, 39–51.  
doi:10.1111/j.2044-8279.1998.tb01273.x. 

[8] Butterworth, B. The development of arithmetical abilities. 
Journal of Child Psychology and Psychiatry. 2005;46, 3–18. 
doi:10.1111/j.1469-7610.2005.00374.x. 

[9] Geary, D. C., Hamson, C. O., & Hoard, M. K. Numerical and 
arithmetical cognition: A longitudinal study of process and 
concept deficits in children with learning disability. Journal 



50 Sanaz Tajadini et al.:  The Relationship between Arithmetic Performance  
and Fine Motor Skills in Individuals with Cerebral Palsy 

 

of Experimental Child Psychology. 2000; 77, 236–263. 

[10] Gallahue, D., & Ozmun, J. Understanding motor 
development: Infants, children, ad.olescents, adults (6th ed.). 
New York: Mc Graw Hill. 2006. 

[11] Marr, D., Cermak, S., Cohn, E. S., & Henderson, A. Fine 
motor activities in head start and kindergarten classrooms. 
American Journal of Occupational Therapy. 2003; 57(5), 
550–557. http://dx.doi.org/10.5014/ajot.57.5.550. 

[12] Van der Linde, B. W., Van Netten, J. J., Otten, E., Postema, 
K., Geuze, R. H., & Schoemaker, M. M. A systematic review 
of instruments for assessment of capacity in activities of daily 
living in children with developmental co-ordination disorder. 
Child: Care. Health and Development. 2013; 1–12.  
http://dx.doi.org/10.1111/cch. 12124 (Criterion II). 

[13] Bender, A., & Beller, S. Nature and culture of finger counting: 
Diversity and representational effects of an embodied 
cognitive tool. Cognition. 2012; 124, 156–182.  
doi:10.1016/j.cognition.2012.05.005. 

[14] Butterworth, B. The development of arithmetical abilities. 
Journal of Child Psychology and Psychiatry.2005; 46, 3–18. 
doi:10.1111/j.1469-7610.2005.00374.x. 

[15] Bratovchic, V., Mujanovic, & A., Sharic, E. Multisensory 
stimulation and relaxation as suportive method to individual 
somatopedic tretment, In. NGlumbic, V. Vucinic (ed.). 
Special education and rehabilitation today, Proceedings, 
University of Belgrade, Faculty of special education and 
rehabilitation, Belgrade.2011, 393-399. 

[16] Himmelmann, K., Beckung, E., Hagberg, G., & Uvebrant, P. 
Gross and fine motor function and accompanying 
impairments in cerebral palsy. Developmental Medicine and 
Child Neurology.2006; 48, 417–423.  
doi:10.1017/s0012162206000922. 

[17] Schenker, R., Coster, W. J., & Parush, S. Neuroimpairments, 
activity performance, and participation in children with 
cerebral palsy mainstreamed in elementary schools. 
Developmental Medicine and Child Neurology. 2005; 47, 
808–814. doi:10.1017/s0012162205001714. 

[18] Liptak, G.S., & Accardo, P.J. Health and social outcomes of 
children with cerebral palsy. The Journal of Pediatrics. 2004; 
145, S36–S41. http://dx.doi.org/10.1016/j.jpeds.2004.05.021. 

[19] Anderson, E.M. The disabled school child. A study of 
integration in primary schools. London: Methuen & Co. 
Ltd.1973. 

[20] Jenks, K. M., de Moor, J., Van Lieshout, E. C. D. M., 
Maathuis, K. G. B., Keus, I., & Gorter, J. W. The effect of 
cerebral palsy on arithmetic accuracy is mediated by working 
memory, intelligence, early numeracy, and instruction time. 
Developmental Neuropsychology. 2007; 32, 861–879.  
doi:10.1080/87565640701539758. 

[21] Jenks, K. M., de Moor, J., & Van Lieshout, E. C. D. M. 
Arithmetic difficulties in children with cerebral palsy are 
related to executive function and working memory. Journal of 
Child Psychology and Psychiatry.2009; 50, 824–833. 
doi:10.1111/j.1469-7610.2008.02031.x. 

[22] Cameron, C. E., Chen, W. B., Blodgett, J., Cottone, E. A., 
Mashburn, A. J., Brock, L. L., & Grissmer, D. Preliminary 
validation of the motor skills rating scale. Journal of 
Psychoeducational Assessment. 2012; 30, 555–566.  
doi:10.1177/0734282911435462. 

[23] Wood, G., & Fischer, M. H. Numbers, space, and action – 
From finger counting to the mental number line and beyond. 
Cortex.2008; 44, 353–358. doi:10.1016/j.cortex.2008.01.002. 

[24] Kiessling LS, Denckla MB, Carlton M. Evidence for 
differential hemispheric function in children with hemiplegic 
cerebral palsy. Dev Med Child Neurol. 1983; 25(6): 727-734. 

[25] Dellatolas G, Filho GN, Souza L, Nunes LG, Braga LW. 
Manual skill, hand asymmetry, and neuropsychological test 
performance in school children with spastic cerebral palsy. 
Laterality.2005; 10(2): 161-182. 

[26] Jenks, K. M., Van Lieshout, E. C. D. M & de Moor, J. The 
relationship between medical impairments and arithmetic 
development in children with cerebral palsy. Journal of Child 
Neurology.2009; 24, 528-535.  
doi:10.1177/0883073809335009. 

[27] van Rooijen, M., Verhoeven, L., Smits, D. W., Ketelaar, M., 
Becher, J. G., & Steenbergen, B. Arithmetic performance of 
children with cerebral palsy: The influence of cognitive and 
motor factors. Research in Developmental Disabilities. 2012; 
33, 530–537. doi:10.1016/j.ridd.2011.10.020. 

[28] van Rooijen, M., Verhoeven, L., & Steenbergen, B. Working 
memory and fine motor skills predict early numeracy 
performance of children with cerebral palsy, Child 
Neuropsychology. 2015;  
DOI:10.1080/09297049.2015.1046426. 

[29] van Rooijen, M., Verhoeven, L., & Steenbergen, B. From 
numeracy to arithmetic: Precursors of arithmetic performance 
in children with cerebral palsy from 6 till 8 years of age. 
Research in Developmental Disabilities.2015; 45–46, 49–57. 

 


	1. Introduction
	2. Methods
	3. Results
	4. Discussion
	5. Conclusions
	ACKNOWLEDGMENTS

