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Visual-motor perception of students with 

attention deficit hyperactivity disorder

Percepção viso-motora de escolares com Transtorno 

do Déficit de Atenção com Hiperatividade

ABSTRACT

Purpose: The aim of this study was to characterize and compare the visual-motor perception of students with 

attention deficit hyperactivity disorder and students with good academic performance. Methods: Forty male 

students (100%) from the 2nd to the 5th grades of an elementary public school, aged between 7 to 10 years 

and 8 months old participated in the study. They were divided into two groups: GI (20 students with attention 

deficit hyperactivity disorder) and GII (20 students with good academic performance), paired according to age, 

schooling, and gender. The students were submitted to the Developmental Test of Visual Perception. Results: 

Students of GI presented inferior performance in spatial position and visual closure (reduced motor) when 

compared to GII and performance equivalent to lower age students in reduced motor perception. Conclusion: 

The difficulties in visual-motor perception presented by students of GI cannot be attributed to a primary deficit, 

but to a secondary phenomenon of inattention that directly interferes in their visual-motor performance.

RESUMO

Objetivo: Caracterizar e comparar as habilidades de percepção viso-motoras de escolares com Transtorno do 

Déficit de Atenção com Hiperatividade (TDAH) com escolares com bom desempenho acadêmico. Métodos: 

Participaram deste estudo 40 escolares na faixa etária de 7 anos a 10 anos e 8 meses, do 2º ao 5º ano do Ensino 

Fundamental de escolas públicas, divididos em GI (20 escolares com diagnóstico interdisciplinar de TDAH) 

do gênero masculino (100%) e GII (20 escolares com bom desempenho escolar), pareados com o GI em idade, 

escolaridade e gênero. Os escolares foram submetidos ao Teste Evolutivo de Percepção Visual (DTVP-2). 

Resultados: Os escolares de GI apresentaram desempenho inferior na função de posição no espaço e closura 

visual (motricidade reduzida) em relação ao GII e equivalente a idade inferior para percepção de motricidade 

reduzida. Conclusão: As dificuldades em percepção viso-motora apresentadas pelos escolares de GI podem 

ser atribuídas não a um déficit primário, mas a um fenômeno secundário à desatenção que interfere de forma 

direta em seu desempenho de percepção viso-motora. 
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INTRODUCTION

The acquisition of handwriting requires a combination 
of coordinated visual-motor skills with motor, cognitive 
planning, and perceptual skills (tactile-kinesthetic abilities, 
organization in space and time). The visual-motor integra-
tion (VMI) is defined as the ability to coordinate visual 
information and motor programming, thus being an im-
portant variable in the development of writing. With that, 
the student is able to perform a copy or transposition of 
texts, cursive letter, reproduction of isolated and sequential 
numbers and letters(1,2).

Visual perception requires the connection of volunteer 
attention and the programming and reprogramming ability 
of the organs that are responsible for motor activity. Therefore, 
the efficacy of programming speed occurs while the tactile-
perceptive information adjusts to the visual information(3-5), 
due to the integrity of cortical structures(6-9).

The student who does not develop this visual-motor 
integrative skill may present difficulties to write, that is, is-
sues concerning the quality of writing, thus damaging school 
progress and favoring the appearance of emotional, behavioral, 
and learning problems(3). In international(10,11) and national(12,13) 

literature, the relationship between dyslexia, learning disabili-
ties, and changes in fine and gross motor coordination has been 
described, as well as the relationship between visual-motor 
perception and reading development of students with these 
learning disabilities.

Throughout the years, the literature(14,15) has also described 
that one of the neurological conditions that compromises the 
VMI is the attention deficit hyperactivity disorder (ADHD). 
ADHD is the most common neuropsychiatric disorder in 
childhood, which affects from 3 to 6% of the children at school 
age. Its main manifestations are difficulty in paying attention, 
hyperactivity and/or impulsiveness, usually affecting differ-
ent areas of adaptive functioning, which is known for being 
interpersonal, academic, or familiar(16,17).

Among the clinical physical speech language manifestations 
presented by the students with ADHD, there is the visual-
spatial perceptual deficit, related to executive dysfunctions, 
psychomotor agitation, and altered writing quality, known as 
unintelligible writing or dysgraphia. Therefore, due to these 
manifestations, the student with ADHD presents deficits in 
the integration of visual-motor perception that can be a result 
of the attention-related changes and the difficulties in visual-
spatial perception, executive function, perceptive organization, 
synchronism, delayed maturation of coordination, and construc-
tive dyspraxia(18-20).

Besides these changes, students with ADHD tend to find 
difficulties in fine motor coordination (picking up objects, 
buttoning up clothes, playing ball, coloring within the lines of 
figures, writing onto the line in a uniform size, writing with 
understandable letter) and global skills (difficulties to run or 
jump and problems with laterality)(19), and such difficulties may 
be related to visual-motor perception changes(18-20), which are 
easy to identify during the speech language pathology evalua-
tion and in the educational context.

Dysgraphia stands out among the most noticeable speech 
language manifestations in ADHD, since it is defined as 
a written expression disorder that results in written skills 
below the expected for the age, associated with legibility 
(quality of forming and aligning the letters, spaces between 
letters and words, letter dimension), and reduced speed 
(production rate)(3,4,10,13,21).

Even though the reasons for dysgraphia are associated 
with motor planning, eye-hand coordination, visual per-
ception, VMI, kinesthetic perception, fine motor control, 
sustained attention, and hand manipulation(4,10,20), further and 
deeper studies are required concerning the role of visual 
and   visual-motor perception skills to determine unintel-
ligible handwriting, that is, the picture of dysgraphia, since 
these are still limited in the national literature, be it with 
students at the final stage of school or those with attention 
and learning disabilities.

Based on this reality, this study aimed to characterize and 
compare the visual-motor skills of students diagnosed with 
ADHD and others with good academic performance.

METHODS

This study was approved by the Research Ethics Committee 
of the institution of origin, protocol number 0149/2011.

Forty students aged between 7 and 10 years and 8 months 
old participated in this study, with an average socioeconomic 
status based on the Socioeconomic Development Index(22), from 
the elementary grades of public municipal schools. Students 
were divided into two groups:
•	 Group	I	(GI):	Twenty	male	students	(100%)	with	interdis-

ciplinary diagnosis of ADHD, according to the proposed 
criteria(23), on medication (methylphenidate) indicated by 
the neurologist for at least 6 months. Students in this group 
presented unsatisfactory academic performance, defined 
by grades equal or inferior to five in Portuguese (reading, 
writing, and copy assessment) and Math tests (arithmeti-
cal operations with and without title). Evaluations were 
conducted by the teachers in the classroom, who reported 
unintelligible writing. Students did not present history of 
speech language pathology or pedagogical therapies prior 
to this study and were part of the waiting list for speech 
language intervention related to reading and writing in the 
institution of origin.

•	 Group	 II	 (GII):	Twenty	 students	with	 good	 school	 per-
formance in 4 months, with satisfactory academic perfor-
mance, assessed with grades higher than five in Portuguese 
(reading, writing, and copy assessment) and Math tests 
(arithmetical operations with and without title), conducted 
by the teachers in the classroom. Students of GII who par-
ticipated in this study were indicated by the teachers and 
paired with GI according to age, schooling, and gender. 
Only students who presented the signed informed consent 
could participate in this study, and also those who did not 
present pre, peri, and postnatal intercurrences or delayed 
neuropsychomotor and language development described in 
school records. 
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All students were subjected to the Developmental 
Test of Visual Perception (DTVP-2)(24), comprising eight 
subtests which measure visual-motor skills inter-related 
with different visual perception abilities. Its reliability and 
validity were empirically established(23) and the procedure 
has no basal levels, once the tests begin with the item 1 of 
each subtest.

DTVP-2 consists of a battery of eight subtests that measure 
visual-motor and visual-perception skills that are different, but 
inter-related. Therefore, each of the eight subtests measures 
one kind of visual-perception skill, be it spatial position (SP), 
constancy of form (CF), spatial relations (SR), or figure-ground 
(FG). On the other hand, each subtest can be classified as re-
duced motricity or complete motricity(24).

Subtests that compound the DTVP-2 are: visual-motor co-
ordination (VMC), SP, copy (C), FG, SR, visual closure (VC), 
visual-motor speed (VMS), and CF. All subtests measure one 
type of visual perception skill, and they can be considered as 
reduced motricity (SP, FG, VC, and CF) and complete motricity 
or VMI tests (VMC, C, SR, VMS).

Scores are divided into: standard score, which is obtained 
from the gross score and its conversion with the use of 
tables, and compounded score, obtained by adding the stan-
dard score and its conversion in a classificatory quotient in 
relation to general visual perception (GVP), reduced motricity 
perception (RMP), and VMI. All assessed functions lead to 
the age equivalent (AE) calculation, that is, for each assessed 
function the obtained score enables the calculation of a “visual 
perception age”.

The obtained results were statistically analyzed with the 
Mann-Whitney test in order to check for possible different 
performances in tasks among the studied groups, and the 
Likelihood ratio-test was used to compare the performances 
between the subtests of both groups in this study. The adopted 
significance level (p-value) was 5% (0.050), marked with 
an asterisk. The software Statistical Package for the Social 
Sciences, version 17.0, was used for data analysis. 

RESULTS

Table 1 presents mean, standard deviation, median, and 
p-value regarding the comparison between GI and GII and the 
results of visual-motor perception subtests analyzed with 
the Mann-Whitney test.

In Table 1, it was possible to observe that there were differ-
ences between GI and GII concerning performances per subtest, 
which demonstrates that GI presented inferior performance in 
the function SP and VC, and GII in the function VMS.

Table 2 presents mean, standard deviation, and signifi-
cance of the comparison between GI and GII in subtests 
of GVP, RMP, VMI, and in relation to the mean of AEs in 
each of the functions, for each group, analyzed with the 
Mann-Whitney test.

In Table 2, it was possible to notice differences between GI 
and GII when comparing their general performances, which 
demonstrates that GI presented inferior performance in tests 
of RMP and lower AE for RMP in relation to GII.

Table 3 shows the comparison of GVP, RMP, and VMI 
performances between GI and GII.

In Table 3, it was observed that the results of classifi-
cations of visual perceptions analyzed by the Likelihood 
ratio-test demonstrated differences between GI and GII only 

Table 1. Performance comparison beween GI and GII in visual-motor 
perception subtests

Variable Group n Mean
Standard 

deviation
Median p-value*

VMC
I 20 145.60 18.63 146.50

0.725II 20 145.35 28.19 150.00
Total 40 145.48 23.58 147.50

SP
I 20 14.05 6.67 15.00

0.015*II 20 18.45 6.85 20.50
Total 40 16.25 7.03 17.50

C
I 20 26.80 5.51 26.50

0.171II 20 28.65 5.53 30.50
Total 40 27.73 5.53 28.50

FG
I 20 8.95 2.74 8.50

0.343II 20 9.75 2.88 9.00
Total 40 9.35 2.81 9.00

SE
I 20 32.00 11.80 36.00

0.289II 20 38.75 6.30 42.00
Total 40 35.38 9.94 40.50

VC
I 20 6.95 4.27 6.00

0.011*II 20 10.85 5.35 11.50
Total 40 8.90 5.17 8.00

VMS
I 20 14.40 9.27 13.00

0.009*II 20 7.35 3.84 8.00
Total 40 10.88 7.86 9.00

CF
I 20 8.95 3.98 9.00

0.348II 20 10.10 3.37 9.50
Total 40 9.53 3.69 9.00

*Significant values – Mann-Whitney test
Caption: VMC = visual-motor coordination; SP = spatial position; C = copy; 
FG = figure-ground; SR = spatial relation; VC = visual closure; VMS = visual-
motor speed; CF = constancy of form

Table 2. Performance comparison between GI and GII in general visual 
perception, reduced motricity perception, and visual-motor integration 
subtests in relation to age equivalents in each of the functions

Variable Group n Mean
Standard 

deviation
p-value*

CA
I 20 8.88 1.06

0.850II 20 8.85 1.01
Total 40 8.86 1.02

GVP
I 20 80.70 15.67

0.068II 20 86.75 8.93
Total 40 83.73 12.96

AE GVP
I 20 6.65 1.72

0.148II 20 7.39 1.77
Total 40 7.02 1.76

RMP
I 20 72.40 16.30

0.005*II 20 84.50 12.80
Total 40 78.45 15.71

AE RMP
I 20 5.41 1.69

0.004*II 20 6.96 1.95
Total 40 6.18 1.97

VMI
I 20 87.60 18.73

0.735II 20 89.95 10.35
Total 40 88.78 14.98

AE VMI
I 20 7.94 2.02

0.903II 20 7.85 1.63
Total 40 7.89 1.81

*Significant values – Mann-Whitney test
Caption: CA = chronological age; GVP = general visual perception; AE = age 
equivalent; RMP = reduced motricity perception; VMI = visual-motor integration
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concerning RMP, which demonstrates that the classification 
obtained by students in GI is inferior to that obtained by the 
ones in GII.

The classification of performances was converted into nu-
merical forms (1 = very weak; 2 = weak; 3 = below average; 
4 = average; 5 = above average; 6 = very good) in order to make 
statistical data analysis easier. Therefore, when we observe Table 
3, there are no analyses related to the classification of visual per-
ception performance with grade 5 (above average) in GVP and in 
RMP, and also there are no analyses related to the classification 
of visual perception performance with grade 6 (very good) in 
VMI, since none of the students reached these classifications.

DISCUSSION

Based on the obtained data, it was possible to observe that 
students with ADHD presented inferior development in rela-
tion to students with good academic performance, concerning 
functions of SP and VC, related to reduced motricity (visual 
perception without motor components), thus mostly obtaining 
the very weak and weak performance classifications, with infe-
rior performances in the skills of SP and VC, when compared 
to the students with good academic performance.

Feder and Majnemer(3) reported that the SP skill enables the 
student to realize and identify spaces between letters, words, 
and lines, while the VC skill enables the student to identify 
which letters were completely written. 

So, it is possible to state that the students with ADHD in 
this study presented visual-motor perception changes, thus 
corroborating studies described in international(2,14) and na-
tional(13,25) literature. Therefore, we can consider that difficulties 
to execute visual-motor perception and visual perception skills 
(reduced motricity) demonstrated in these students may com-
promise their handwriting performance, leading to dysgraphia, 
as described in the literature(21,26).

Visual-motor skills are directly related to handwriting, that 
is, graphic-motor action, and also the reading skill, since they 
depend on the recognition of details, simultaneous processing, 
visual-spatial organization, spatial relation between figures, 
and integration of the parts of a whole, giving meaning to 
the forms of the letters and, consequently, affecting motor 
development (graphic-motor) for the production of these let-
ters, causing difficulties to acquire basic school reading and 
writing skills(20,18,26-28).

Brown,  Unsworth  and Lyons (2) and Feder  and 
Majnemer(3) reported that the low performance in previ-
ously mentioned skills leads to fine and global motor 
coordination difficulties and perceptual issues, as well 
as problems with reading, mathematics, and also in other 
academic fields. 

So, for students with ADHD in this study, the inferior 
performance in fine motor skills corroborates the literature, 
which reported that such performance can be attributed to the 
deficit in movement speed and to the immature coordination 
development, both subjected to the brain coordination of 
alternated muscle groups(29), thus indicating that the results 
found in this study may lead the speech language patholo-
gist to reflect more about the relations between visual-motor 
perception skills and the quality of dysgraphic writing among 
students with ADHD.

However, we should also consider that besides the visu-
al-motor skills analyzed in this article, other factors, such 
as impulsiveness or inhibition control and self-regulation, 
related to the executive functions, are important factors to 
be analyzed and taken into account, since they are respon-
sible for motor planning; therefore, the investigation of 
these aspects should also be conducted at the time of the 
speech language pathology clinical assessment, especially 
if one of the manifestations of the student with ADHD is 
unintelligible writing.

 Table 3. Comparison between GI and GII in relation to the classification of performance in general visual perception, reduced motricity perception, 
and visual-motor integration

Group
Classification of performance

Total p-value
1 2 3 4 6

PVG

I 5 (25%) 5 (25%) 5 (25%) 4 (20%) 1 (5%) 20 (100%)

0.192II 2 (10%) 2 (10%) 8 (40%) 8 (40%) 0 (0%) 20 (100%)

Total 7 (17.5%) 7 (17.5%) 12 (30%) 1 (2.5%) 1 (2.5%) 40 (100%)

PMR

I 8 (40%) 8 (40%) 3 (15%) 0 (0%) 1 (5%) 20 (100%)

0.001*II 4 (20%) 3 (15%) 4 (20%) 9 (45%) 0 (0%) 20 (100%)

Total 12 (30%) 11 (27.5%) 7 (17.5%) 9 (22.5%) 1 (2.5%) 40 (100%)

IMV

I 5 (25%) 1 (5%) 6 (30%) 6 (30%) 2 (10%) 20 (100%)

0.086II 1 (5%) 2 (10%) 5 (25%) 12 (60%) 0 (0%) 20 (100%)

Total 6 (15%) 3 (7.5%) 11 (27.5%) 18 (45%) 2 (5%) 40 (100%)

*Significant values – Likelihood ratio-test
Caption: GVP = general visual perception; RMP = reduced motricity perception; VMI = visual-motor integration; 1 = very weak; 2 = weak; 3 = below average; 4 = aver-
age; 5 = above average; 6 = very good
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CONCLUSION

Students with ADHD in this study presented inferior per-
formance in visual-motor perception skills when compared to 
students with good academic performance, characterized by 
changes in RMP (SP, FG, VC, and CF) and by alterations in 
VMI (VMC, C, SR, and VMS).

*GDG was in charge of the elaboration of the research proposal, analysis of 
results and writing the manuscript; FHP performed data collection; PMMO 
performed data collection, tabulation and analysis; SAC was responsible for 
the study project and design, as well as the general orientation of steps of 
execution and elaboration of the manuscript.

REFERENCES

1.  Brown T, Rodger S. Validity of the Developmental Test of Visual-Motor 
Integration Supplemental Developmental Test of Visual Perception. 
Percept Mot Skills. 2008;106(3):659-78.

2.  Brown T, Unsworth C, Lyons C. Factor structure of four visual-motor 
instruments commonly used to evaluate school-age children. Am J Occup 
Ther. 2009;63(6):710-23.

3.  Feder KP, Majnemer A. Handwriting development, competency, and 
intervention. Dev Med Child Neurol. 2007;49(4):312-7.

4.  Rosenblum S, Aloni T, Josman N. Relationships between handwriting 
performance and organizational abilities among children with 
and without dysgraphia: a preliminary study. Res Dev Disabil. 
2010;31(2):502-9.

5.  Miller  AD, Goodale MA. Two visual  systems re-viewed. 
Neuropsychologia. 2008;46(3):774-85.

6.  Huberle E, Driver J, Karnath HO. Retinal versus physical stimulus size as 
determinants of visual perception in simultanagnosia. Neuropsychologia. 
2010;48(6):1677-82.

7.  Qiu J, Li H, Liu Q, Zhang Q. Brain mechanisms underlying visual 
perception and visual mental imagery of Chinese pseudo-characters: an 
event-related potential study. Brain Res. 2007;1184:202-9.

8.  Khayat PS, Pooresmaeili A, Roelfsema PR. Time Course of Attentional 
Modulation in the Frontal Eye Field During Curve Tracing. J 
Neurophysiol. 2009;101(4):1813-22.

9.  Wardak C, Denève S, Ben Hamed S. Focused visual attention distorts 
distance perception away from the attentional locus. Neuropsychologia. 
2011;49(3):535-45.

10. Rosemblum S. Development, reliability, and validity of the Handwriting 
Proficiency Screening Questionnaire (HPSQ). Am J Occup Ther. 
2008;62(3):298-307. 

11. Loh PR, Piek JP, Barrett NC. Comorbid ADHD and DCD: 
examining cognitive functions using the WISC-IV. Res Dev Disabil. 
2011;32(4):1260-9.

12. Siqueira CM, Gurgel-Giannetti J. Poor school performance: an updated 
review. Rev Assoc Med Bras. 2011;57(1):78-87. 

13. Okuda PMM, Lourencetti MD, Santos LCA, Padula NAMR, Capellini 
SA. Coordenação motora fina de escolares com dislexia e transtorno do 
déficit de atenção e hiperatividade. Rev. CEFAC. 2011;13(5):876-85. 

14. Crawford SG, Dewey D. Co-occurring disorders: a possible key to visual 
perceptual deficits in children with developmental coordination disorder? 
Hum Mov Sci. 2008;27(1):154-69.

15. Henríquez-Henríquez M, Zamorano-Mendieta F, Rothhammer-Engel 
F, Aboitiz F. Modelos neurocognitivos para el trastorno por déficit de 
atención/hiperactividad y sus implicaciones en el reconocimiento de 
endofenotipos. Rev Neurol. 2010;50(2):109-16.

16. Fliers E, Rommelse N, Vermeulen SHHM, Altink M, Buschgens 
CJM, Faraone SV, et al. Motor coordination problems in children and 
adolescents with ADHD rated by parents and teachers: effects of age and 
gender. J Neural Transm. 2008;115:211-20.

17. Oliveira CG, Albuquerque PB. Diversidade de resultados no estudo do 
Transtorno de Déficit de Atenção e Hiperatividade. Psicol. Teor Pesqui. 
2009;25(1):93-102.

18. Racine MB, Shevell M, Snider L. Handwriting in children with 
Attention Deficit Hyperactivity Disorder (ADHD). J Child Neurol. 
2008;23(4):399-406.

19. Vidarte JA, Ezquerro M, Giráldez MA. Perfil psicomotor de niños de 5 a 
12 años diagnosticados clínicamente de trastorno por déficit de atención/
hiperactividad en Colombia. Rev neurol. 2009;49(2):69-75.

20. Ratzon NZ, Lahav O, Cohen-Hamsi S, Metzger Y, Efraim D, Bart O. 
Comparing different short-term service delivery methods of visual-motor 
treatment for first grade students in mainstream schools. Res Dev Disabil. 
2009;30(6):1168-76.

21. Toniolo CS, Santos LCA, Lourenceti MD, Padula NAMR, Capellini 
SA. Caracterização do desempenho motor em escolares com Transtorno 
do Déficit de Atenção com Hiperatividade. Rev Psicopedagogia. 
2009;26(79):33-40.

22. FEE: Fundação de Economia e Estatística [Internet]. Índice de 
Desenvolvimento Socioeconômico (IDESE) [Acesso em: 2013 Ago 06]. 
Disponível em: http://www.fee.tche.br/sitefee/pt/content/estatisticas/
pg_idese.php

23. APA: Associação Americana de Psiquiatria. Manual diagnóstico 
estatístico de transtornos mentais (DSM-IV-TR). Porto Alegre: Artes 
Médicas; 2002.

24. Hammil DD, Pearson NA, Voress JK. Teste evolutivo de percepção 
visual. 2ª ed. Ferreira MC, tradutora. Rio de Janeiro: Entreletras; 2001. 

25. Pinheiro FH, Lourenceti MD, Santos LCA. Transtorno do déficit de 
atenção e hiperatividade: critérios diagnósticos. In: Capellini AS, 
Germano GD, Cunha VLO. Transtornos de aprendizagem e transtornos 
da atenção (da avaliação à intervenção). São José dos Campos: Pulso 
Editorial; 2010. p. 91-103. 

26. Racine MB, Majnemer A, Shevell M, Snider L. Handwriting performance 
in children with Attention Deficit Hyperactivity Disorder (ADHD). J 
Child Neurol. 2008;23(4):399-406.

27. James KH, Gauthier I. When writing impairs reading: letter 
perception’s susceptibility to motor interference. J Exp Psychol Gen. 
2009;138(3):416-31.

28. Kushki A, Schwellnus H, Ilyas F, Chau T. Changes in kinetics and 
kinematics of handwriting during a prolonged writing task in children 
with and without dysgraphia. Res Dev Disabil. 2011;32(3):1058-64.

29.  Falk TH, Tam C, Schellnus H, Chau T. On the development of a 
computer-based handwriting assessment tool to objectively quantify 
handwriting proficiency in children. Comput Methods Programs Biomed. 
2011;104(3):e102-11.

30.  Stray LL, Stray T, Iversen S, Ruud A, Ellertsen B, Tønnessen FE. The 
Motor Function Neurological Assessment (MFNU) as an indicator of motor 
function problems in boys with ADHD. Behav Brain Funct. 2009;5:22.


