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A B S T R A C T   

Background: Examining the reliability and validity of the second edition movement assessment battery test 
(MABC-2) in children with and without motor impairment. 
Materials and methods: In this prospective cohort study, the MABC-2 test and developmental coordination dis-
order questionnaire 2007 (DCDQ′07) were completed by children and their parents. By using 95% confidence 
intervals, minimal detectable change (MDC95) was calculated, and concurrent validity was investigated. By 
applying the MABC-2 test as a reference standard (cut-off fifth centile), sensitivity and specificity were examined. 
Results: 273 children (mean age: 6.3 ± 2.3 years; 70% male) with and without motor impairment completed the 
investigation. For test-retest reliability, intra-class correlation coefficients (ICCs) was >0.89 for the MABC-2 test. 
The MDC95 value for the motor skill test was 5.76. There was a significant correlation between the MABC-2 test 
and DCDQ′07 (r = 0.60, P < 0.001) and the Go/No-Go test (r = 0.50, P < 0.001). Overall, the sensitivity was very 
high (90%), the specificity was low (46%), and positive and negative predictive values were high (69% and 81%, 
respectively). 
Conclusion: The MABC-2 test can be considered a valid and reliable motor skill assessment tool for children with 
and without motor impairment.   

1. Introduction 

A developmental coordination disorder (DCD) is a distinct motor 
disorder determined by marked impairment in age-associated motor 
coordination and learning [1]. Children with DCD have poor physical 
and cognition function [2], daily living tasks [3], affecting out-of-school 
activities [4], and social interactions [5]. Motor control difficulties, 
attention deficit, speech/articulation difficulties, and non-verbal 
learning disabilities are all commonplace in children with DCD [6]. 
They are at higher risk of developing secondary deficits including 

reduced strength, lack of fitness, and low self-esteem have been reported 
previously [6–8]. Without any treatment or intervention, these disabil-
ities may continue and worsen in adulthood [6]. 

To identify effective treatment options, the development of valid and 
reliable tools is required. Movement deficiency in children with and 
without DCD has been previously detected through the movement 
assessment battery for children (MABC). This battery has been validated 
in several countries [9–13]. The MABC-2 test is an updated version of 
MABC [14] which includes a lower age inclusion and the scoring system 
has been updated [6]. Several studies have demonstrated the reliability 
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and validity of MABC-2 in children with DCD [6,9,15]. Nevertheless, to 
recognize serious clinical changes in motor performance of children 
with and without DCD, minimal detectable changes (MDC) have yet to 
be identified for the MABC-2. Therefore, the study aimed to examine the 
internal consistency, test-retest reliability, concurrent validity, and 
identify MDC thresholds for the MABC-2 in young children with and 
without DCD. 

2. Materials & methods 

2.1. Participants and procedures 

This prospective cohort study recruited children from clinics and 
schools in the Beheshti region of Tehran and the Autism Institute in Qom 
between February 2018 and February 2019. The study has been re-
ported in line with the STROCSS criteria [16] and is registered 
(https://www.researchregistry.com/register-now#home/?view_2_sear 
ch=researchregistry7669&view_2_page=1) under registration UIN: 
researchregistry7669. Institutional review board approval was received 
for this study in all centers. Full written informed parental consent was 
provided [17,18] and the study followed the Declaration of Helsinki’s 
ethical standards. The study included 4- to 9-year-old children who met 
movement disorder criteria, diagnosed by a psychologist or physician. 
Children received a minimum of twice per month of physical or occu-
pational therapy. Patients with a history of neurological disorders and 
those who were unable to participate in the physical therapy plan were 
excluded from the study. Children were assessed with the MABC-2 and 
Go/No-Go tests in two phases: baseline and after six months. A Devel-
opmental Coordination Disorder Questionnaire 2007 (DCDQ′07) was 
initially completed by the children’s parents. 

2.2. Movement assessment battery for children test (MABC-2) 

This test includes two parts: a performance test and a checklist. We 
applied the performance test only [6]. In the test, three different fields 
have been defined, including manual dexterity, aiming and catching, 
and balance. Children were required to do three tasks: posting coins, 
threading a lace, and drawing a tail for the manual dexterity assessment. 
They were also asked to carry out two tasks, containing catching a 
beanbag with two hands and throwing a beanbag onto a mat to evaluate 
aiming and catching. Furthermore, they performed three tasks in the 
balance domain: one-leg balance, walking heel-to-toe, and jumping on 
mats [19]. Based on the MABC-2 test guide, we converted item scores 
into standard scores (mean = 6; standard deviation = 3). The sum of the 
eight-item standard scores (range 0–101) was the total test score (TTS). 
The TTS is a valid and reliable score [14,15,20,21]. 

2.3. Developmental coordination disorder questionnaire 2007 
(DCDQ′07) 

Parents of the children completed the 15-item questionnaire that 
evaluated motor coordination [14,22]. They compared the level of the 
child’s coordination with other age-matched children on a 5-point scale 
[23]. The total DCDQ′07 score was calculated by summing each item’s 
scores [23]. Higher scores indicated better motor performance [23]. The 
DCDQ′07 is a reliable questionnaire (Cronbach’s alpha = 0.89) [22,23]. 

2.4. Go/No-Go test 

During the Go/No-Go test, children were required to press a button 
on a keyboard (“Go” stimuli) when they viewed the blue color on a 
computer monitor. When they did not see any blue color (“No-Go” 
stimuli), participants would not answer. Focusing on speed and accuracy 
were equally important. In both test conditions, stimuli were randomly 
dispersed and were presented for 250 ms at a rate of one every 2000 ms 
[23,24]. This measure assesses cognitive ability in children based on 

their performance across six core domains evaluating cognition inhibi-
tory [23,25]. 

2.5. Reliability 

Cronbach’s alpha was calculated to determine the internal consis-
tency between two modules of the MABC-2 test. 

2.6. Minimal detectable change (MDC) 

To evaluate the variability, regarding the standard error mean 
(SEM), which is the least change detected above the measurement error 
with a given level of confidence at two points in time (95% confidence). 
Minimal detectable change (MDC) has been considered previously [26, 
27]. 

2.7. Concurrent validity 

Concurrent validity was defined as the correlation between total 
scores MABC-2 and DCDQ′07 and MABC-2, and the Go/No-Go test. This 
criterion was examined by calculating the agreement percentage be-
tween the MABC-2 and the DCDQ′07, MABC-2, and Go/No-Go test in 
two children with and without motor impairment [27]. 

2.8. Data analysis 

A consistency analysis was performed using Cronbach’s alpha coef-
ficient to determine the internal consistency of the scale. Analysis was 
completed using version 21.0 of SPSS (IBM, NY, USA) with a significance 
level of P < 0.05 [26]. MDC95 was a change rate considered before it 
exceeded the measurement error and variability at the 95% confidence 
level. Employing the formula (SD × √1 - r), where r is the test-retest 
reliability coefficient (ICC in MABC-2 test), SD is the standard devia-
tion of the measures, and the standard error of the measurement (SEM), 
MDC95 was estimated. Finally, MDC95 could be calculated using MDC 
= standard error of measurement × 1.96 × √2 [28]. Criterion validity 
was investigated using accuracy and concurrent validity. Pearson’s 
correlation coefficient and dependent t-tests were used to examine 
concurrent validity [29]. Strong, moderate, and low correlation co-
efficients were designated as >0.6, between 0.3 and 0.6, and <0.3 [29]. 
Cross-tabulations were included to assess the specificity, sensitivity, 
positive predictive value, and negative accuracy value of the MABC-2 
[29]. 

3. Results 

We recruited 300 children (mean age: 6.3 ± 2.3 years; 70% male; 
150 healthy and 150 with movement disorder). Basic measurements 
were completed by all 300 children (T1). Through 6 months of super-
vision, 27 were lost to follow-up (T2) (Fig. 1). During the first visits, 
descriptive statistics for the MABC-2 test were completed. Table 1 pro-
vides an overview of the mean and standard deviation of scores MABC-2 
Test. 

3.1. Internal consistency 

The internal consistency of the MABC-2 test was high (Cronbach’s α 
= 0.83). The results included manual dexterity (0.59), aiming for and 
catching (0.79), and the balance domain (0.91). The outcomes represent 
a sufficient similarity of all the individual domains and the total test 
score. For test-retest values (Table 2), the ICC for the total score was 
0.83, representing a high level of reliability. The tasks and the domains 
had different ICCs between 0.59 and 0.91. Based on the SEM values, a 
convenient level of measurement accuracy of the MABC-2 test is evident 
in Table 2. 
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3.2. Concurrent validity 

A significant and moderate correlation was evident between the 
MABC-2 and the DCDQ′07 (r = 0.60; P < 0.001; n = 273), the total 
scores of the MABC-2 and the Go/No-Go (cognitive inhibitory scale) (rs 
= 0.50; P < 0.001; n = 273). Using different cut-off scores for the 
DCDQ′07 test and MABC-2 test scores in children with and without 
impairment, the sensitivity, specificity, PPV, and NPV criteria are shown 
in Table 3. If the 15th centile was used as a cut-off point in all categories, 
the sensitivity and NPV of the MABC-2 for predicting motor impairment 
in six months were high. 

4. Discussion 

This study determined the validity and reliability of the MABC-2 test 
in 273, 4- to 9-year-old children. A range of good to excellent internal 
consistency (Cronbach’s α range 0.59–0.91) was observed. Except for 
manual dexterity, which was classified as moderate (0.59), test-retest 
reliability values in other domains were high. In line with our find-
ings, previous studies have reported excellent Cronbach’s alpha co-
efficients for the MABC-2 [9,15], although another study reported 
moderate agreement [30]. To determine the effectiveness of a motor 
intervention program in children with and without motor impairment, 
previous studies have recommended the MABC-2 test [27]. The MDC 
tool is helpful for clinicians and can differentiate between real changes 
and measurement errors [27,31]. 

A positive correlation was found between the MABC-2 and the 
DCDQ′07 (r = 0.60), and between the MABC-2 and the Go/No-Go (r =
0.50), however, Renata et al. [29] found a poor correlation between the 
MABC-2 and DCDQ′07 in a group of 103 children. Our findings are 
consistent with findings reported by Pannekoek, Rigoli, Piek, Barret, and 
Schoemaker [19] showing that the MABC-2 can be used to screen and 
identify children with and without motor disorders at home, school, or 
during a play environment. Our study showed that PPP, NPP, and 
sensitivity were high, and specificity was moderate (sensitivity = 90% 
and specificity = 46%, PPV = 61, NPV = 81). The MABC-2 is a useful 
instrument for determining impairment in motor skills. In a similar 
study, Cleric et al. [26] reported similar results to our findings; excellent 
sensitivity (90%), moderate specificity (69%), small to moderate PPV 
(38%), and high NPV (97%). 

4.1. Limitations 

Our study is limited by a moderate sample size, and we cannot 
generalize our findings to all young people. A larger trial is required to 

Fig. 1. Study flow chart of participants and measurements.  

Table 1 
Demographic characteristics of and description the Movement 
Assessment Battery for Children–Second Edition Test (MABC-2) 
standard scores at the initial visit (n = 273).  

Characteristics Mean (SD) 

Age, y, mean (SD) 6.3 ± (2.3) 
Healthy, n 153 
Disorder, n 120 
Sex, % 
Male 69.6 
Female 30.4 
MABC-2 parameters 
Items 
Manual Dexterity 1 4.91 ± 3.57 
Manual Dexterity 2 5.45 ± 4.2 
Manual Dexterity 3 5.25 ± 4.05 
Aiming and Catching 
Aiming and Catching 1 6.68 ± 3.17 
Aiming and Catching 2 7.00 ± 3.66 
Balance 1 6.30 ± 3.87 
Balance 2 5.44 ± 4.57 
Balance 3 5.23 ± 4.5 
Subscales 
Manual Dexterity 15.61±(10.16) 
Aiming and Catching 13.58±(5.90) 
Balance 17.31±(11.40) 
Total 46.64±(24.21) 

SD, standard deviation; MABC-2, Movement Assessment Battery 
for Children. 

Table 2 
Test-retest reliability and minimal detectable change (MDC) of the Movement 
Assessment Battery for Children–Second Edition (MABC-2) Test (n = 273).  

MABC-2 ICC SEM MDC 

Items 
Manual Dexterity 1 0.80(0.74–0.84) 0.612 1.19 
Manual Dexterity 2 0.68(0.59–0.75) 1.51 4.18 
Manual Dexterity 3 0.80(0.74–0.84) 0.67 1.58 
Aiming and Catching 1 0.78(0.71–0.83) 0.58 1.60 
Aiming and Catching 2 0.70(0.61–0.76) 1.08 2.99 
Balance 1 0.89(0.86–0.92) 0.25 0.69 
Balance 2 0.83(0.78–0.86) 0.39 1.08 
Balance 3 0.74(0.67–0.80) 0.88 2.43 

Subscales 
Manual Dexterity 0.59(0.48–0.68) 1.85 3.56 
Aiming and Catching 0.79(0.73–0.84) 1.03 2.85 
Balance 0.91(0.88–0.93) 0.60 1.66 

Total 0.83(0.78–0.86) 1.08 1.41 

ICC, intraclass correlation coefficient; SEM, standard error of measurement; 
MDC, Minimal detectable change. 

Table 3 
Movement Assessment Battery for Children - Second Edition (MABC-2). Study 
participant results and diagnostic values for classifications at two stages.  

Instrument DCDQ positive DCDQ negative 

MABC-2 positive, n 137 61 
MABC-2 negative, n 12 54  

Instrument Sensitivity (%) Specificity (%) PPV(%) NPV(%) 

MABC-2 90 46 69 81 

DCDQ, Developmental coordination disorder questinare; NPV, negative pre-
dictive values; PPV, positive predictive values. 
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confirm our findings in a similar population. In future studies, children 
with all four DCD criteria should be included. It would be helpful for 
future studies to administer an intervention with more regular re-testing 
points to determine changes over time. Factors that may influence an 
increase in performance variability include behavioral and motivational 
factors and motor performance changes. We found it challenging to 
recruit participants from remote communities who met the study in-
clusion criteria. 

5. Conclusions 

For motor skill assessment in children with and without motor im-
pairments, the MABC-2 is a valid and reliable test. Minimal detectable 
change values identified should help rehabilitation therapists design 
effective intervention programs for this population. The MABC-2 is a 
sensitive tool that may be an acceptable instrument for detecting motor 
skill performance impairments in children. 
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