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ABSTRACT: This study aimed to review and examine the tools used to assess psychomotor performance of children with visual impairment. 
Databases, such as SCOPUS, MEDLINE/PubMed, Medline/EBSCO, Web of Science, LILACS, CINAHL, and ScienceDirect, were searched 
using Mesh terms. Data from manuscripts fully available in these databases between 1994 and 2017 (except CINAHL—2014) concerning 
the evaluation, tool development, or intervention for the improvement of motor skills in children (age, 7-10 years) with visual impairment were 
collected. The Critical Review Form—Quantitative Studies was used to evaluate the quality of the articles. As a result, 1113 articles were found, 
but only 24 met the inclusion criteria; 66.7% of the articles had moderate quality, with unsatisfactory results regarding the validity and reliability 
of the tools used to assess these children, as well as the absence of clinical importance and practical application in such studies. Only the 
Test of Gross Motor Development-2 and Movement Assessment Battery for Children-2 described data on the validation and reliability in visually 
impaired children. To minimize systematic errors and improve the quality of the investigations, increasing the number of studies regarding the 
tools, functionality of their activities, and testing the adaptions is necessary.
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Introduction
Visual information serves as a stimulus for a child to move and 
as a feedback through which a child learns to correct and 
improve his or her movement. The perception of visual stimuli 
affects the organization of human motor actions, and its 
absence constrains the child to the space that his or her body 
occupies, restricting his or her exploration to the area closer to 
him or her and to the objects in which the child is in direct 
contact.1

Thus, motor development in children with visual impair-
ment is expected to be different from that in typically develop-
ing peers.2 All movements, especially those involving limb 
coordination-dexterity and visual motor control, may be modi-
fied by the reduced visual stimuli.3 In addition, other factors 
can interfere in their development, such as intellectual and cog-
nitive skills, presence of other disorders, and home and learning 
environments.4

Some motor skill difficulties found in children with visual 
impairment include difficulties in gait acquisition and postural 
problems; changes in spatial orientation and temporal struc-
turing; difficulty in coordinating perceptual information and 
its adjustment to external reality; problems in the perception 
of the surroundings; delay in the construction of the corporal 
scheme and in the acquisition of functional habits, such as 
dressing and eating.5 In addition, studies have discussed 
changes in the maintenance of orthostatic posture and the 
speed of postural adjustment,6,7 postural control,8 manual 

dexterity,9,10 normal gait parameters,11,12 and gross motor 
skills.10,13 In some studies, poor motor performance in chil-
dren with visual impairment is related to vision, but not to the 
severity of the disability. These studies showed that modifica-
tions in the environmental and task contexts are important to 
optimize motor performance.14,15 Adaptations include extra 
time, stable environments, and use of sensory cues (visual and 
auditory).15 However, there is no consensus regarding this 
association between the level of visual impairment and motor 
performance, and only some authors acknowledge the exist-
ence of this relationship.10,12,16

Studies have shown that the motor performance of children 
with visual impairment can be improved by engaging in specific 
activity programs.3,17–20 Hence, early identification of motor 
problems is crucial because inadequate performance can result in 
long-term consequences.21,22 Thus, reliable instruments are 
essential for professionals to identify children with motor defi-
cits, to evaluate the development and effectiveness of interven-
tions, and to help in mitigating the consequences of these 
problems. Nevertheless, the literature reviews by Skaggs and 
Hopper16 and Houwen et al15 on motor performance in children 
with visual impairment draw attention to the evaluation tools 
used in research. Some of the tests applied have undergone 
changes, such as the use of materials with vibrant colors, increased 
contrast of materials, permission for children to feel the test 
material before test conduction, or even the presentation of addi-
tional instructions before performing the task test.14,15
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A literature review was conducted that aimed to assist the 
diagnosis and evaluation of intervention programs for children 
aged 7 to 10 years in a recognized institution of ophthalmic 
care in Brazil. This research aimed to describe the tools used in 
the literature to assess motor skills in children with visual 
impairment. The study assesses in detail the possible adapta-
tions made and performed a critical analysis of the characteris-
tics of these adaptations for assessing motor development in 
these children. Aspects of validation and reliability were also 
discussed.

Methods
A systematic literature review was conducted using the follow-
ing electronic databases: SCOPUS, MEDLINE/PubMed, 
MEDLINE/EBSCO, Web of Science, LILACS, CINAHL, 
and ScienceDirect. The consultation included articles pub-
lished between 1994 and 2017 (except CINAHL, that com-
prised articles until 2014) with the use of Mesh terms: “visually 
impaired persons” AND “ child ” AND “motor skills”; “visually 
impaired persons” AND “child” AND “postural balance”; “vis-
ually impaired persons” AND “child” AND “movement”; 
“low vision” AND “child” AND “motor skills”; “low vision” 
AND “child” AND “postural balance”; “low vision” AND 
“child” AND “movement.” Only articles in English or 
Portuguese available in full text were included.

To be included articles should deal with the assessment or 
the development of tools, or motor skill interventions in chil-
dren with visual impairment; evaluate children aged 7 to 
10 years; and use standardized assessment procedures. The age 
range was defined based on a project with the main objective of 
following up the intervention programs in children with visual 
impairments aged 7 to 10 years. Researches evaluating children 
with neurological, attention and hyperactivity disorders, and 
orthopedic injury, or assessing cognitive or speech skills, or that 
did not clarify the information for inclusion were excluded.

The query was conducted in each database, using the key-
words and evaluating the search results with respect to the 
inclusion criteria. When the title and abstract were not conclu-
sive regarding the fulfillment of the inclusion criteria, the full-
text article was assessed. For those articles meeting the inclusion 
criteria, data regarding the sample, country of study, objectives, 
method, and instruments were used, and the main conclusions 
of the study were collected with an individual form.

Motor skill was defined as a complex, voluntary, and guided 
movement of one or more body parts performed to achieve a 
particular goal.23 This review included those articles dealing 
with the functional categories of motor skills: stability, locomo-
tion, and object control. Stability skills were those involving the 
maintenance of balance in the individual against gravity; loco-
motion skills, those tasks dealing with the change of position of 
the individual, considering a fixed point; and object control 
skills, tasks including the act of applying force to an object, or 

receiving it.23 Likewise, gross and fine motor skills were defined 
as actions using large and small muscle groups, respectively.24

For this study, the World Health Organization25 crite-
rion was used, which establishes that moderate (visual 
acuity < 6/18 ⩾ 6/60) and severe visual impairments (visual 
acuity < 6/60 ⩾ 30/60), together, comprise the group of indi-
viduals with low vision. Low vision along with blindness repre-
sents all visual impairments.

The quality of the articles meeting inclusion criteria was 
evaluated with Critical Review Form—Quantitative Studies,26 
adapted by Houwen et al.18 The items of the study that were 
evaluated included study objective, literature review, suitability 
of the study design, sample, outcomes, intervention, results, 
conclusions, and clinical implications, with 16 items (15 when 
no interventions were involved). If the article met the criterion 
of the question, it was scored 1; 0, when the criterion was not 
fulfilled; NA when the criterion was not applied to the research; 
?, in cases where the item was not clearly described. Those arti-
cles with scores ⩾12 and ⩽7 were considered as having low 
and high risk of bias, respectively.18

Results
The search in the databases resulted in 1113 files, of which 
only 24 met the inclusion criteria. The files were sometimes 
indexed by more than one database, causing a redundancy in 
the results (Figure 1). Despite the number of files in the various 
databases, most of them were excluded because they did not 
discuss the motor skills and/or did not include the age group of 
interest and/or included children with multiple disabilities 
and/or without visual impairment.

Data extraction from 24 articles regarding the study objec-
tives, participants, instruments, and results, and the qualitative 
evaluation can be found in Chart 1 and Table 1, respectively. In 
10 studies, the authors claimed to have assessed the children 
applying modifications in the tools that included changes in 
materials and their colors and in procedures, such as allowing 
children to feel the objects to be manipulated.

Most of the studies presented a moderate risk of bias (n=16; 
66.7%), with satisfactory results regarding the definition of the 
study objectives, review on the subject, sample described in 
detail with their ethical rights ensured, and results expressed in 
terms of statistical significance (Table 1). However, few articles 
reported having conducted studies on the validity and reliabil-
ity of the tools in visually impaired children or demonstrated 
the clinical importance and practical application of the final 
study conclusion.

Table 2 shows that the most frequently used tools were 
Bruininks-Oseretsky Test of Motor Proficiency (BOTMP), 
Test of Gross Motor Development-2 (TGMD-2), and walk-
ways/platforms. However, only TGMD-214 and Movement 
Assessment Battery for Children 2 (MABC-2)27 were consid-
ered valid and reliable in children with visual impairment.
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Discussion
This study found that the researches evaluating motor skills in 
children with visual impairment have important limitations, 
such as methodological aspects were less frequent to fulfill the 
evaluation criteria according to the Critical Review Form 
(adapted from Houwen et  al28). Some problems detected 
included not using valid and reliable measures, and the absence 
of justification of the sample size (Table 1). The instruments 
used with visually impaired children are generally valid and 
reliable in children without disability,16,18 but there is no spe-
cific evaluation material for these children according to some 
authors.3,10

Among the tools surveyed, some evaluated manual dexterity 
(ManuVis and Jebsen-Taylor Hand Function Test), gross 
motor skills (TGMD-2), balance (stabilography-static equilib-
rium, and Pediatric Balance Scale (PBS)-static and dynamic), 
and those that evaluated a combination of skills (MABC-
manual dexterity, ball skills and balance; BOTMP-fine and 
gross motor function; Ayres Southern California Sensory 
Integration Tests-sensory integration with tests of sensorial 
discrimination, sensory responsiveness, fine and gross motor 
function and praxis). The only tests that presented validity and 
reliability of data in children with visual impairment were the 
TGMD-214 and MABC-2.27 The reproducibility of other 
evaluation methods, such as the first version of MABC14,15 and 
the wooden walkway,29 had been evaluated in these children, 
but there was a lack of studies on the validity of the applied 
methods.

The lack of instruments for children with visual impairment 
resulted in the need for adaptations of the tests, which indicates 
the inadequacy of the original test. The modifications included 
the use of colors providing high contrast,13–15,19,27,30 permission 
to feel the material before the task was performed,13–15,27,30 the 

use of additional information and/or instructions,14,30,31 
increasing the size of objects,13,14,29 using other senses (hearing, 
touching),10,27,30,31 and performing/feeling the movement 
before performing the task.13,14,27,30,31 However, the authors 
suggested that the adaptations did not influence the skills 
required to perform the activities.14,15

According to Topor,32 the visual function of people with 
visual impairment can be maximized by adjusting color, con-
trast, lighting, space or distance, and time. The use of primary 
colors with a high degree of contrast between the work area 
and manipulated object, stimulation of several senses (touch, 
smell, hearing), and the simplification of the environment 
eliminating the excess of information are encouraged. 
According to the authors, the accuracy and speed of perform-
ing an activity generally decrease when the child has low vision, 
which suggests the possibility of increasing the time allocated 
to the task.

Adjustments in the environmental and task contexts are also 
important to optimize the motor performance.14 Children with 
low vision usually have difficulty perceiving objects when the 
tasks are conducted in poorly lit environments (very dark or 
very light) with little use of contrast, the representation of com-
plex, three-dimensional shapes that have depth, or use of fig-
ures that do not correspond to their potential of vision. Thus, 
the use of the remaining senses in addition to their residual 
vision should be stimulated.14

Furthermore, the validity and reliability observed for a tool 
are only applicable when the instrument is used as established 
in the protocol. Modifications to these instruments may 
require, in addition to the authors’ permission, the study of vali-
dation as if it was a new tool.32 That is, the changes used in the 
assessment tools may have compromised the validity and reli-
ability of the results. Thus, studies on the standardization of 

Figure 1.  Steps in database search process.
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changes in the tests for children with visual impairment can 
help minimize systematic errors in research and enhance the 
possibility of making more accurate comparisons between data 
from different studies.

The functionality of some activities evaluated in the tests 
is another important point worth raising; some may not be 
part of the daily routine of children with visual impairment. 
Therefore, this study underlines the importance of the devel-
opment of instruments with better ecological validity for 
children with visual impairment,18 along with reinforcing the 
need for studies in these children, as well as adequate tools for 
them.

Conclusions
Research on motor skills in children with visual impairment is 
limited because of a shortage of instruments for assessing 
motor function in these children. In the past 23 years (1994-
2017), only 24 articles were found in seven databases (SCOPUS, 
MEDLINE/PubMed, MEDLINE/EBSCO, Web of Science, 
LILACS, CINAHL, and ScienceDirect) investigating motor 
skills in children with visual impairment. Although this review 
detected the use of varied tools that evaluate fine, to gross 
motor and locomotor, functions, as well as batteries of tests that 
examine a combination of these, only TGMD-2 (gross motor 
development) and MABC-2 (manual dexterity, balance and 
object control) demonstrated validity and reliability in this 
population.

Data from this review suggest the need to expand the stud-
ies on the tools, as well as on the functionality of the activities 
for application in children with visual impairment. The discussion 

on the changes made in the activities will result in systematic 
error minimization and better research quality.

Acknowledgements
The authors acknowledge The Brazilian National Research 
Counsil (CNPq), the Human Motor Behavior and Cognition 
Lab from the Physical Education Course at UPE, and Anna 
de Fátima Teotonio Irmão. Part of the results of the manu-
script are found in a thesis at UFPE (Programa de Pós-
Graduação em Saúde da Criança e do Adolescente) that was 
published in the institutional digital repository.

Author Contributions
HAB (corresponding author—hannebakke@gmail.com)—
conceptualized and designed the study, designed the data collec-
tion instruments, and coordinated data collection, drafted the 
initial manuscript, critically reviewed the manuscript, and approved 
the final manuscript as submitted; WAC—conceptualized and 
designed the study, drafted the manuscript, and approved the 
final manuscript as submitted; ISDO—conceptualized and 
designed the study, drafted the manuscript, and approved the 
final manuscript as submitted; SWS—conceptualized and 
designed the study, drafted the initial manuscript, and approved 
the final manuscript as submitted; MTC—conceptualized and 
designed the study, drafted the initial manuscript, and approved 
the final manuscript as submitted.

ORCID iDs
Hanne Alves Bakke  https://orcid.org/0000-0001 
-9113-7560
Wiviane Abreu Cavalcante  https://orcid.org/0000-0003 
-1791-6632
Silvia Wanick Sarinho  https://orcid.org/0000-0002 
-2556-3323
Maria Teresa Cattuzzo  https://orcid.org/0000-0001 
-7841-1211

References
	 1.	 Ventorini SE. A experiência como fator determinante na representação espacial do 

deficiente visual. São Paulo, Brazil: Universidade Estadual Paulista; 2007.
	 2.	 Wyver SR, Livesey DJ. Kinaesthetic sensitivity and motor skills of school-aged 

children with a congenital visual impairment. Br J Vis Impair. 2003;21:25–31.
	 3.	 Aki E, Atasavun S, Turan A, Kayihan H. Training motor skills of children with 

low vision. Percept Mot Skills. 2007;104:1328–1336.
	 4.	 Wright B. Development in deaf and blind children. Psychiatry. 2008;7:286–289.
	 5.	 Sánchez PA. Deficiencias visuales y psicomotricidad: teoría y práctica. 1st ed. 

Madrid, Spain: Organización Nacional de Ciegos Españoles; 1994:255.
	 6.	 Matos MR. Análise do equilíbrio em postura ortostática em crianças com deficiência 

visual por meio de parâmetros estabilométricos. São José dos Campos, Brazil: Uni-
versidade do Vale do Paraíba; 2006.

	 7.	 Matos MR, Matos CPG, Oliveira CS. Equilíbrio estático da criança com baixa 
visão por meio de parâmetros estabilométricos. Fisioter E Mov. 2010;23:361–369.

	 8.	 Bortolaia AP, Barela AMF, Barela JA. Controle postural em crianças portadoras 
de deficiência visual nas faixas etárias entre 3 e 11 anos. Motriz. 2003;9:75–82.

	 9.	 Reimer AM, Smits-Engelsman BCM, Siemonsma-Boom M. Development of 
an instrument to measure manual dexterity in children with visual impairments. 
J Vis Impair Blind. 1999;93:643–658.

	10.	 Uysal SA, Düger T. A comparison of motor skills in Turkish children with dif-
ferent visual acuity. Fiz Rehabil. 2011;22:23–29.

Table 2.  Absolute and relative frequency of the use of tools to assess 
motor skills in visually impaired children in this systematic review.

Tools n

Bruininks-Oseretsky Test of Motor Proficiency 
(BOTMP)

5

Test of Gross Motor Development 2 (TGMD-2) 5

Walkway/platform 4

Movement Assessment Battery for Children 
(MABC)

3

Jebsen-Taylor Hand Function Test 3

Southern California Sensory Integration Test 2

Pediatric Balance Scale (PBS) 1

Stabilography 1

Manual Dexterity in Visually Impaired Children 
(ManuVis)

1

Posturography 1

Modified Bass Tess 1

n denotes number of studies using the instruments.

mailto:hannebakke@gmail.com
https://orcid.org/0000-0001-9113-7560
https://orcid.org/0000-0001-9113-7560
https://orcid.org/0000-0003-1791-6632
https://orcid.org/0000-0003-1791-6632
https://orcid.org/0000-0002-2556-3323
https://orcid.org/0000-0002-2556-3323
https://orcid.org/0000-0001-7841-1211
https://orcid.org/0000-0001-7841-1211


10	 Clinical Medicine Insights: Pediatrics ﻿

	11.	 Hallemans A, Ortibus E, Meire F, Aerts P. Low vision affects dynamic stability 
of gait. Gait Posture. 2010;32:547–551.

	12.	 Hallemans A, Ortibus E, Truijen S, Meire F. Development of independent loco-
motion in children with a severe visual impairment. Res Dev Disabil. 
2011;32:2069–2074.

	13.	 Houwen S, Visscher C, Hartman E, Lemmink KAPM. Gross motor skills and 
sports participation of children with visual impairments. Res Q Exerc Sport. 
2007;78:16–23.

	14.	 Houwen S, Hartman E, Jonker L, Visscher C. Reliability and validity of the 
TGMD-2 in primary-school-age children with visual impairments. Adapt Phys 
Activ Q. 2010;27:143–159.

	15.	 Houwen S, Visscher C, Lemmink KAPM, Hartman E. Motor skill performance 
of school-age children with visual impairments. Dev Med Child Neurol. 
2008;50:139–145.

	16.	 Skaggs S, Hopper C. Individuals with visual impairments: a review of psycho-
motor behavior. Adapt Phys Activ Q. 1996;13:16–26.

	17.	 Fazzi E, Signorini SG, Bova SM, Ondei P, Bianchi PE. Early intervention in 
visually impaired children. Int Congr Ser. 2005;1282:117–121.

	18.	 Houwen S, Visscher C, Lemmink KAPM, Hartman E. Motor skill performance 
of children and adolescents with visual impairments: a review. Except Child. 
2009;75:464–492.

	19.	 Jazi SD, Purrajabi F, Movahedi A, Jalali S. Effect of selected balance exercises on 
the dynamic balance of children with visual impairments. J Vis Impair Blind. 
2012;106:466–474.

	20.	 Santos LC, Passos JE, Rezende ALG. Os efeitos da aprendizagem psicomotora 
no controle das atividades de locomoção sobre obstáculos em crianças com defi-
ciencia da visão. Rev Bras Educ Esp. 2007;13:365–380.

	21.	 Cantell MH, Smyth MM, Ahonen TP. Clumsiness in adolescence: educational, 
motor, and social outcomes of motor delay detected at 5 years. Adapt Phys Activ Q. 
1994;11:115–129.

	22.	 Cousins M, Smyth MM. Developmental coordination impairments in adult-
hood. Hum Mov Sci. 2003;22:433–459.

	23.	 Gallahue DL, Ozmun JC, Goodway JD. Compreendendo o desenvolvimento motor: 
bebês, crianças, adolescentes e adultos. 7th ed. Porto Alegre, Brazil: AMGH; 2013.

	24.	 Magill RA. Motor Learning and Control: Concepts and Applications. 7th ed. New 
York, NY: McGraw-Hill; 2004:416.

	25.	 World Health Organization. Action Plan for the Prevention of Avoidable Blindness 
and Visual Impairment: 2009-2013. Geneva, Switzerland: World Health Organi-
zation; 2010:32.

	26.	 Law M, Stewart D, Pollock N, Letts L, Bosch J, Westmorland M. Critical 
Review Form—Quantitative Studies. Hamilton, ON, Canada: Mc-Master Uni-
versity; 1998.

	27.	 Bakke HA, Sarinho SW, Cattuzzo MT. Adaptation of the MABC-2 Test (Age 
Band 2) for children with low vision. Res Dev Disabil. 2017;71:120–129.

	28.	 Houwen S, Hartman E, Visscher C. Physical activity and motor skills in children 
with and without visual impairments. Med Sci Sports Exerc. 2009;41:103–109.

	29.	 Alexandre R, Cordovil R, Barreiros J. Children’s locomotion on slopes given 
visual, acoustic, and tactile information. Percept Mot Skills. 2012;115: 
197–212.

	30.	 Haibach PS, Wagner MO, Lieberman LJ. Determinants of gross motor skill 
performance in children with visual impairments. Res Dev Disabil. 
2014;35:2577–2584.

	31.	 Wagner MO, Haibach PS, Lieberman LJ. Gross motor skill performance in chil-
dren with and without visual impairments—research to practice. Res Dev Dis-
abil. 2013;34:3246–3252.

	32.	 Topor I. Functional vision assessment and early intervention practices. In: Chen 
D, ed. Essential Elements in Early Intervention: Visual Impairment and Multiple 
Disabilities. 2nd ed. New York, NY: American Foundation for the Blind Press; 
2014:637.

	33.	 Aki E, Atasavun S, Kayihan H. Relationship between upper extremity kines-
thetic sense and writing performance by students with low vision. Percept Mot 
Skills. 2008;106:963–966.

	34.	 Bouchard D, Tétreault S. The motor development of sighted children and 
children with moderate low vision aged 8-13. J Vis Impair Blind. 2000;94: 
564–573.

	35.	 Gazzellini S, Lispi ML, Castelli E, et al. The impact of vision on the dynamic 
characteristics of the gait: strategies in children with blindness. Exp Brain Res. 
2016;234:2619–2627.

	36.	 Houwen S, Hartman E, Visscher C. The Examining relationship among motor 
proficiency, physical fitness, and body composition in children with and without 
visual impairments. Res Q Exerc Sport. 2010;81:291–300.

	37.	 Liebrand-Schurink J, Boonstra FN,  van Rens GHMB, et al. Shape of magnifi-
ers affects controllability in children with visual impairment. Acta Ophthalmol. 
2016;94:761–767.

	38.	 Liebrand-Schurink J, Cox RFA, van Rens GHMB, Cillessen AHN, Meulen-
broek RGJ, Boonstra FN. Effective and efficient stand magnifier use in visually 
impaired children. Front Psychol. 2016;7:1–11.

	39.	 Rutkowska I, Lieberman LJ, Bednarczuk G, et al. Bilateral coordination of chil-
dren who are blind. Percept Mot Skills. 2016;122:595–609.

	40.	 Uysal SA, Erden Z, Akbayrak T, Demirtürk F. Comparison of balance and gait 
in visually or hearing impaired children. Percept Mot Skills. 2010;111:71–80.

	41.	 Uysal SA, Aki E. Relationship between writing skills and visual-motor control 
in low-vision students. Percept Mot Skills. 2012;115:111–119.

	42.	 Uysal SA, Düger T. Writing and reading training effects on font type and size 
preferences by students with low vision. Percept Mot Skills. 2012;114:837–846.

	43.	 Zyłka J, Lach U, Rutkowska I. Functional balance assessment with Pediatric 
Balance Scale in girls with visual impairment. Pediatr Phys Ther. 2013;25: 
460–466.




