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Abstract. The aim of this study was to establish the scientific authenticity, in terms of validity, of a Motor Coordination Assessment 
Battery for Wheelchair Users - BACMoC. The elaboration of the instrument was carried out through bibliographic review followed 
by brainstorm, which allowed the choice of preliminary tests that composed the instrument. The instrument validity was verified 
through its Content and Appearance through the Delphi method, with consultation to a Board of Expert Evaluators - QPA. The QPA 
initially consisted of 40 evaluators, all with MSc or Ph.D. degree, characterized as follows: being in the age group of young and ma-
ture adults (X ̅ = 52.75 ± 6.29 years); 100% of them with a degree in Physical Education and linked to Paralympic sport, with ex-
tensive experience in the sector (X ̅ = = 29.5 ± 6.85 years). The final BACMoC version consists of five tests designed to assess the 
four existing types of coordination: fine motor coordination; specific motor coordination; gross motor coordination and general 
motor coordination. At the end of the objectivity determination process, agreement index of 98.4% was reached in the third round, 
with Cronbach's alpha coefficient value of 1.0, which denotes perfect statistical reliability. 
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Resumen. El objetivo del presente estudio es establecer la autenticidad científica, en términos de validez de una Batería de Evalua-
ción de la Coordinación Motora para Usuarios de Silla de Ruedas – BECMoC (por su sigla en portugués). La elaboración del instru-
mento se realizo a través de revisión bibliográfica seguida de brainstorm, que permitió elegir las pruebas que formaron parte de forma 
preliminar. La validez del instrumento fue verificada a través de su Contenido y Apariencia, por medio del método Delphi, consul-
tando un Equipo de Peritos Autorizados – EPA. El EPA fue constituido inicialmente por 40 evaluadores, todos magísteres o docto-
res, así caracterizados: están en la franja de adulto joven y maduro (X� = 52,75 ± 6,29 años); todos tienen graduación en Educación 
Física y vínculo con el deporte paralímpico, con bastante experiencia en el sector (X� = = 29,5 ± 6,85 años). La versión final del 
BACMoC está compuesta por cinco pruebas que se destinan a evaluar los cuatro tipos de coordinación existentes: coordinación mo-
tora fina; coordinación motora específica; coordinación motora gruesa y coordinación motora general. Al final del proceso de deter-
minación de la objetividad, se llegó a un índice de concordancia de 98,4% en la tercera ronda, con un coeficiente ∝ de Cronbach de 
1,0, lo que denota una confiabilidad estadísticamente perfecta.  
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Introduction 
 
 According to data from the National Health Survey 

conducted by the Brazilian Institute of Geography and 
Statistics, there are approximately 17.3 million people in 
Brazil with at least one type of disability, whether hearing, 
motor, visual or mental/intellectual (Institute Brazilian 
Geography and Statistics, 2021). People with disabilities 
are those with long-term physical, mental, intellectual or 
sensory impairment, which, in interaction with one or 
more barriers, can impair their full and effective participa-
tion in society on equal terms with other people (Brazil, 
2015). There are different types of disabilities, and each 
type has different behavioral specificities and social factors. 

In this context, the use of wheelchair stands out, a nec-
essary tool for approximately 75 million people world-
wide, according to estimates of the World Health Organi-
zation (World Health Organization, 2019). These tools 
are important to increase the mobility and the autonomy 
of people with disabilities, being essential for most wheel-
chair users, as it is a form of moving around independently 
(Abdulghani et al., 2020; Larraga-García et al., 2019). 

Another way to develop the autonomy of people with 

disabilities is the practice of sports, which provides several 
benefits for health and individual well-being, with remark-
able value in the context of social inclusion and integra-
tion, and may promote social inclusion. The practice be-
gan with the intention of being a recreational and thera-
peutic activity, constituting one of the credible alternatives 
of playful or competitive participation for people with 
disabilities, presenting properties for high-performance 
sports and the Paralympic games as basic means for the 
dissemination of achievements, being the main singular 
scenario to support the practice of sports by people with 
disabilities (D'elia et al., 2021; Pullen & Silk, 2019). 

Adapted sports activities and Paralympic sports are not 
restricted only to the Paralympic Games, which is the 
largest high-performance sports competition for athletes 
with disabilities, but are represented in the various events 
organized by the International Paralympic Committee, 
confederations and federations linked to it, including ath-
letes with various disabilities such as physical, visual or 
intellectual, being manifested and practiced at different 
levels of performance, whether in school, leisure or high 
performance (Cardoso et al., 2020; Marques, 2016) 

In the practice of sporting activities, one of the most 
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important components, whether at competitive level or as 
leisure, is the Motor Coordination, which is also indispen-
sable for various functional and intentional tasks in peo-
ple's lives, in physical and leisure activities (Lima et al., 
2019). 

Motor coordination is presented as the ability to more 
efficiently use skeletal muscles, resulting in a more practi-
cal and economical global action, and can be defined as the 
ability to perform motor activities, including fundamental 
movement patterns and fine motor skills necessary to 
manage daily tasks (Ma et al., 2021; Santana et al., 2019). 

Currently, motor coordination is subdivided into four 
categories: General Motor Coordination, which is respon-
sible for the individual to be able to master his/her own 
body and control all movements; Specific Motor Coordi-
nation, materialized by the control of specific movements 
to perform a specific type of activity, such as kicking a ball 
or participating in a basketball game; Gross Motor Coor-
dination, which mainly involves large muscle groups and 
can be developed from the practice of physical activities. 
Finally, Fine Motor Coordination, which is related to 
activities that require high precision, involving smaller 
muscles (Logan et al., 2018). These categories are particu-
larly visible in sports for people with disabilities. 

As wheelchair athletes who participate in wheelchair 
sporting events constitute the majority of Paralympic 
competitors, wheelchair sports are those that have been 
modified according to the abilities of athletes with lower 
limb and trunk disabilities (Sasadai et al., 2020). Accord-
ing to Li et al. (2020), there is a strong relationship be-
tween motor coordination and physical activity. Motor 
coordination skills are essential in the practice of a physical 
or sporting activity, and the higher a person's level of 
physical activity, the better his/her motor coordination 
(Moura et al., 2022; Mejia & Pérez, 2021; Guillamón et 
al., 2020; De Gregorio et al., 2019;) Thus, there is need 
to correctly assess motor coordination to better under-
stand it, as there is lack of studies on wheelchair users 
related to motor coordination. 

In order to fill the knowledge gaps presented above, 
this study aims to develop a validated instrument to assess 
motor coordination in wheelchair users. Studies such those 
carried out by Frechette et al. (2020); Dekkers et al. 
(2020); Worobey et al. (2020); Paulisso et al. (2020) have 
used validation methods, which suggests the effectiveness 
of this method, even if they were not properly used to 
validate a similar tool. 

This instrument will enable assessing the motor coor-
dination of wheelchair users, to support accurate decision-
making about this population group. This requires an 
instrument that provides sufficiently reliable, valid and 
objective data (Thomas et al., 2012). 

Validity is the degree of veracity of the test result or 
measurement. That is, once reproducible, the test result 
precisely reflects what it was intended to test. The same 
authors establish that this criterion can be determined in 
four ways: logic, content, criterion and construct (Pineda-

Espejel et al., 2019). Due to its adequacy, for the proposal 
of this study, validity by content and appearance will be 
used. 

Therefore, the aim of the study was to establish the 
scientific authenticity in terms of validity (content and 
appearance) of a motor coordination assessment battery 
for wheelchair users. 
 

Methodology  
 

 The proposal for the elaboration of a Motor Coordina-
tion Assessment Battery for Wheelchair Users – BACMoC 
was preliminarily performed, it is a qualitative study. 

For the elaboration of the battery, with the specifica-
tion of its constituent tests, a literature review was initially 
used, from which a discussion based on the Brainstorming 
methodology was held (Daugherty et al, 2021) with the 
work and research group - QTP Paralympic Sport, basical-
ly reaching three measurement instruments to be used: the 
Bruininks-Oseretsky Motor Proficiency test – 2nd Edition, 
translated and validated for the Brazilian population (Fer-
nandes, 2019); the “Beck” battery of skill tests for Brazilian 
wheelchair rugby athletes validated by Gorla et al., (2011) 
and the wheelchair test developed by Hollins (2017). 

The establishment of the Battery validity was carried 
out in October 2021, using the Delphi method through a 
Google form, in consultation with a Board of Expert Eval-
uators - QPA composed of experts in the field. The in-
strument used can be accessed on the link: 
https://forms.gle/c8sRAsyUJj4H3fXT. 

For readers who want to have access to this article in 
its physical form (paper). 

The present work meets the standards for conducting 
research with human beings, in accordance with guidelines 
established by the Declaration of Helsinki (2008) and by 
Resolution 466 of December 2012 of the National Health 
Council (CNS), Brazil, being approved by the Ethics 
Committee of the University of the State of Pará – UEPA 
under CAAE No. 51930821.2.0000.5174, through proto-
col No. 5.012.266 of October 1, 2021. 

 The Delphi method follows a flowchart based on the 
following steps (Barrios et al., 2021; Vida & Lluch., 
2019).: 
1) Preparation Phase: consists of preparing the instrument 
that will be submitted to the group for consideration; 
2) Consultation Phase: The battery to be validated will be 
sent via the internet to a group of experts in the field to 
carry out the consultation based on answers to questions in 
the first questionnaire; there will be a new entry, in which 
the new questions and evaluation items of the second 
questionnaire will be prepared. Normally, 2 to 4 rounds 
are needed to increase the convergence of opinions, and 
thus reach a consensual opinion; 
3) Consensus Phase: researchers must define that consen-
sus was reached, finally reaching the validation of the bat-
tery that allows assessing the motor coordination of 
wheelchair users. 
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 Delphi is a method that is still little used in Brazil, but 
its effectiveness has been consolidated in order to allow 
scientists to assess the proposed study object more inten-
sively (Lima et al., 2020). 

For Lima et al (2020), the method allows studying dif-
ferent aspects regarding the creation and validation of data 
collection instruments, being therefore, fundamental 
dimensions for the development of society, established by 
the scheme shown in Figure 1: 

Figure 1. Delphi flowchart.Adapted from: Lima et al (2020). 

 
Results 
 
 The instrument validity was verified through its con-

tent and appearance using the Delphi method, by consult-
ing a Board of Expert Evaluators - QPA (Lima et al., 
2020). 

For the QPA, around 40 professionals were initially 
invited, all with MSc or Ph.D. degree, characterized as 
follows: being in the age group of young and mature adults 
(X ̅ = 52.75 ± 6.29 years); 100% of them with a degree in 
Physical Education and linked to Paralympic sport, with 
extensive experience in the sector (X ̅ = = 29.5 ± 6.85 
years).  

Of the 40 guests, 18 responded to the assessment in-
strument, with the following characteristics: 61.5% with 
Ph.D. degree, 23.1% with MSc. degree and 15.4% with 
specialization degree. 

As previously mentioned, the instrument validity was 
verified by its content and appearance through the Delphi 
method, with reference to the QPA constituted and char-
acterized as previously presented. 

 
Table 1.  
Delphi results 

 
Sending

 
Sent 

 
Returns 

% of AgreemenT  
1st Question 

% of Agreement   
2nd question 

Average
 

Cronbach's 
alpha 

coefficient 
1st 19 18 72.4% 43.3% 57.85% 0.43 
2nd 15 14 92.9% 72.7% 82% 0.60 
3rd 14 14 100% 96.7% 98.4% 1.00 

Source: The Author (2021). 

 

The validity determination instrument was sent, for 
the QPA assessment according to the phases of the elec-
tronic Delphi, and the result was presented in table 1. 

Inferential statistics were performed using the chi-
square test to verify the difference between the prevalenc-
es in the categorical variables. To determine the validity of 
the responses obtained by the Delphi method, from the 
structured group of experts, Cronbach's alpha coefficient 
was used (Kitamura et al., 2021). 

The same method was used in other studies, and alt-
hough studies such as those carried out by Barros and Tri-
ani (2019) were not properly used to validate a similar 
tool; Mohammadi & Azizi (2019); Couto & Melo (2019), 
used the common Delphi method or the INTERNET for 
validations within the sports context, which suggests the 
effectiveness of the method for such validations. 

After calculating the Cronbach's alpha coefficient, it 
was found that in the third round, the result obtained was 
1.0, showing perfect reliability, demonstrating the con-
sistency of the motor coordination assessment battery for 
wheelchair users. 

The final validated BACMoC version can be observed 
in table 2. 
 
Table 2. 
Final form of the Motor Coordination Assessment Battery for Wheelchair Users 
– BACMoC 

Type of Motor Coordination Assessed Tests Used 
Fine Motor Skill Fine Motor Coordination 

Specific Oculomanual Accuracy 
General Explosive Force 

Gross Motor Skill Agility 
General Travel Speed 

 
Final form of the Motor Coordination Assessment Bat-

tery for Wheelchair Users – BACMoC.  
The tests indicated in table 2 can be described as fol-

lows: 
• Speed of Displacement: This test consists of measur-

ing the ability to displace in speed. A route of 20 meters is 
used. 

The evaluator is positioned at the end of the route and 
an assistant is positioned at the beginning to give the signal 
that corresponds to the wheelchair user's exit. The refer-
ence point for the test is the passage of the front pair of 
wheels of the chair, so, when the pair of front wheels 
passes the line, the assistant who has his arm raised, lowers 
it to signal the evaluator to start counting the time with 
the stopwatch (the only one with the stopwatch). The 
wheelchair user then moves at speed and when he passes 
the final line, the timer will be stopped. The time in sec-
onds is computed and there are two valid trials in the test. 

•Explosive Force: This is the test that aims to measure 
the ability of wheelchair users to make long-distance pass-
es. 

The participant was positioned at the back line of the 
court and must perform the long-distance pass with the 
greatest possible force, using the pass performed during 
the game situation. On the sides of the court, spaces are 
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demarcated every two meters with cones that are the 
reference zones for the test score. Zones are numbered 
with a ratio scale (1) starting from number one. The score 
for the zone where the ball touches the ground is the re-
sult of the execution. There are three runs on each of the 
two attempts. The sum on each trial is the test result. 

• Oculomanual Precision: In this test, a target is drawn 
on the wall, whose distance from the evaluated subject is 
five meters. At each meter from the subject to the wall, a 
line is passed, separating spaces whose values range from a 
point in the first part in front of the subject to the center 
of the target, which is 10 points. The target's height from 
the ground is 1.15 m. The test consists of performing 
passes (Using a basketball) to the target to quantify the 
score and the pass that the wheelchair user uses on the 
court must be used in the test. In each test attempt (two in 
all) there are three executions. The sum of the points 
obtained in each attempt is the result of the test. 

• Agility: Through a circuit with a 10m U-shaped de-
sign, wheelchair users must go through the end in the 
opposite direction, in the shortest possible time, totaling 
20m. 

• Fine Motor Coordination: The first part of the test 
will be to draw a continuous line within the course and the 
second a circle cutout. Outline a continuous line within 
the course: The task is described as follows: while the 
subject is seated in a chair in front of a table, he/she re-
ceives a sheet of white paper size 21.00 cm x 14.85 cm, 
containing the drawing of the route and a pencil. The 
activity consists of starting and ending the route with a 
continuous line within the delimited space. There is no 
stipulated time, however common sense must be used. 
The evaluation procedure takes place by verifying the 
accuracy and continuity of the line from start to finish 
within the delimited space. Cut out a circle: The task is 
described as follows: the initial action is to position the 
subject sitting in a chair in front of a table, hand him a 
sheet of white paper size 21.00 cm x 14.85 cm, containing 
the drawing of a circle with a diameter of 6 cm and age-
appropriate scissors. The activity consists of cutting the 
circle as accurately as possible. It is not necessary to time 
the task, but rationality in the face of time is important. 
And the procedure for evaluating is done by a judgment of 
the accuracy of the cut. 
 

Discussion 
 

 Regarding the content and appearance validity accord-
ing to data obtained in the QPA with 98.4% agreement in 
the 3rd round, confirmed by the Cronbach's alpha coeffi-
cient value of 1.0 (Statistically Perfect) in the third round, 
a result that corroborates the Cronbach's alpha value with 
other studies, although they were not properly used to 
validate a similar tool such as that of Navarro et al. (2020), 
in which the Cronbach's alpha value was 0.864, it was 
evidenced that the evaluated test shows great consistency 
and it is a self-administered test that can be reliably used in 

clinical research. 
In another study where the Cronbach's alpha value was 

0.981 to determine internal consistency, it demonstrated 
reliability in the validity of the test used (Roman et al., 
2020). In the study by Aunola et al. (2020), the internal 
consistency for the total scale was excellent, with 
Cronbach's alpha value of 0.90. In this way Rodríguez et 
al. (2019); Cossio-Bolaños et al. (2019) also demonstrated 
the validity of their studies through the result of 
Cronbach's Alpha. 

In the study by Da Silva et al. (2020), the Cronbach's 
alpha value was 0.88, demonstrating that the questionnaire 
is valid, reliable and can be used as alternative to assess 
individuals with upper limb dysfunction related to ortho-
pedic and traumatic injuries. Nyongesa et al. (2020) ob-
tained Cronbach's alpha value of 0.82, which suggests that 
it is internally consistent. Tavares et al. (2020) obtained 
Cronbach's alpha value of 0.89, demonstrating reliability 
and adequate validity to assess the mobility of hospitalized 
elderly patients. 

In comparison with results presented in other studies, 
the first part of this research presented very robust and 
reliable data, confirmed by the Cronbach's alpha coeffi-
cient value of 1.0 (Statistically Perfect) in the third round. 

The Delphi method has been used in other studies; alt-
hough not properly used to validate a similar tool, they 
used the common Delphi method or INTERNET for vali-
dations within the sports context, which suggests the ef-
fectiveness of the method for such validations, studies such 
as those by Barros & Triani (2019) carried out with an 
online questionnaire; Mohammadi & Azizi (2019) per-
formed with a physical questionnaire and Couto & Melo 
(2019) performed with a physical questionnaire. 
 

Conclusion 
 

 The aim of the study was to establish the validity 
(Content and Appearance) of a motor coordination as-
sessment battery for wheelchair users, attended in a robust 
and fairly consistent manner: Content and Appearance 
Validity with 98.4% agreement, confirmed by the 
Cronbach's alpha coefficient value of 1.0 (Statistically 
Perfect) in the third round. 

Therefore, BACMoC is a valid option to assess the mo-
tor coordination of wheelchair users, whether they are 
Parathletes or not. 
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