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Abstract

Introduction: The development of motor skills influences the capacity of the child to interact with 
the environment. Thus, several instruments have been created for their assessment. Objective: To 
evaluate the internal consistency, reproducibility, and agreement level of age band 1 of the Movement 
Assessment Battery for Children – 2 in a preschool group. Patients and Method: Assessment study 
of diagnostic tests with 29 preschoolers, selected by convenience, enrollments in an educational ins-
titution in Bucaramanga city, Colombia. For the inter-evaluators reproducibility assessment, three 
evaluators watched each video independently. In the intra-evaluator reproducibility assessment, each 
evaluator watched the same video on two different occasions. The internal consistency, the intra- and 
inter-evaluator reproducibility, and the agreement level were determined using Cronbach’s alpha co-
efficient, the Intraclass Correlation Coefficient (ICC), and the Bland and Altman limits of agreement 
method, respectively. Results: Internal consistency of the total test for each of the three evaluators 
was higher than 0.60. Very good reliability was found for all items, domains, and total score of age 
band 1 of MABC-2 (ICC ≥ 0.85), as well as good limits of agreement. Conclusions: age band 1 of 
MABC-2 Spanish version is an instrument with adequate reliability psychometric properties that can 
be used for the motor skills development evaluation in preschoolers.
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Introduction

Preschool phase is a critical period in the compre-
hensive development of the child since its important 
changes inherent to growth, the formation of perso-
nality bases and habits essential to life, as well as the 
fundamental motor skills development (FMS), among 
other aspects1,2.

Problems related to the performance of FMS in 
childhood negatively influence the child’s ability to ex-
plore his/her own body and the participation in family 
and educational contexts, affecting his/her ability to 
interact with other children and caregivers in the short 
and long term3. Therefore, the early detection of pos-
sible motor development disorders in early childhood 
is key, highlighting the need for easily applied tests and 
with adequate psychometric properties for the scree-
ning of FMS4.

There is a wide variety of instruments for FMS 
measuring, some of them evaluate the movement pat-
tern (muscle strength, range of motion, and execu-
tion speed, among others). Other ones are focused on 
quantitative indicators of motor skills (reaction time, 
correct or incorrect attempts), and also on the result of 
movement evaluation, focused on postural alignment 
and substitution mechanisms 5-8.

The Movement Assessment Battery for Children, 
second edition (MABC-2), by Henderson, Sudgen and 
Bernett9, 2007, is an instrument containing an FMS 
performance test organized in three bands correspon-
ding to different age ranges (3 to 6, 7 to 10, and 11 to 
16 years). Its objective is to screen for the identification 
of children with suspected developmental coordina-
tion disorder. Due to its easy application, the Euro-
pean normative data availability, the fine motor skills 
movement quality analysis in children under five years 
of age, among other aspects, the MABC-2 has been an 
instrument widely used to assess the motor skill per-
formance, both in the clinical and in the investigative 
context, including its application in healthy children 
with movement impairments10-13. 

Thus, several studies have been published in the 
last few years aimed at the psychometric properties 
assessment of the MABC-2. Among the results, it is 
worth to mention that the reproducibility intra- and 
inter-evaluators (assessed with the Intraclass Correla-
tion Coefficient - ICC) of the MABC-2 present coeffi-
cients higher than 0.7510-13. However, the potential use 
of the MABC-2 as a screening instrument in children 
with possible movement impairments in South Ame-
rica has been limited since the reproducibility findings 
of the MABC-2 have been reported in different socio-
cultural contexts such as Greece14, China15, Brazil16, 
and the United States10, among others.

Therefore, it is necessary to provide scientific evi-

dence that verifies the reliability of MABC-2 in Spa-
nish. Considering this issue, the objective of this study 
was to evaluate the internal consistency, the reprodu-
cibility (intra- and inter-evaluators), and the level of 
agreement of the MABC-2 first age band in a group 
of preschoolers enrolled in an educational institution 
from Bucaramanga (Colombia).

Patients and Method

An evaluation study of MABC-2 band 1 diagnostic 
tests was performed. The study population was com-
prised of 29 preschoolers selected by convenience, cli-
nically healthy, of both sexes, and aged between three 
to six years, enrolled in an educational institution of 
Bucaramanga, Colombia in 2014.

Those children whose caregivers accepted their 
participation in the study were included. Children with 
skeletal muscle, cognitive, neurological, genetic, visual, 
auditory and/or metabolic dysfunctions affecting hu-
man body movement and requiring specialized medi-
cal care were excluded.

The MABC-2 was bought, translated, re-translated 
into English and adapted by a physiotherapist (MSPS) 
with 32 years of experience and training in human ki-
netics. Three evaluators participated in the study, two 
of them were students of 7th level of physiotherapy 
trained during two academic semesters by a physiothe-
rapist master student, trained during six months by 
the previously mentioned expert physiotherapist. This 
training included the theoretic and conceptual bases 
related to motor development, skills, and control du-
ring the first years of life. In addition, the evaluators 
received practical training which included the observa-
tion of six videos of children aged three to six years in 
which MABC-2 was applied and then directly assessed 
five more preschoolers.

Study variables were the age in years and months 
and sex (male/female). Anthropometric variables 
were also registered such as weight, height, and Body 
Mass Index (IBM), classified according to the Center 
for Disease Control and Prevention17 recommenda-
tions.

Eight motor skills (items) constitute the age band 1 
of the MABC-2 that were evaluated grouped into three 
attributes: manual dexterity - MD (inserting coins, 
threading beads, drawing a trail), aiming and cat-
ching - AC (throwing a beanbag to a target, catching 
a beanbag), and balance - B (walk heels raised along a 
line, one-leg balance, jumping five mats).

Each of the skills was scored according to the cri-
teria described in the instrument’s manual, obtaining 
a raw score of each item (e.g. Time inserting coins). 

Then, this score was standardized and, finally, the sum 
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of those scores was turned into percentiles for each at-
tribute (MD, AC, and B) and for the total test score9.

Additionally, the participants that present move-
ment impairments were identified, considering the 
cut-off points for the total test score. This classification 
system called ‘traffic light’ establishes three zones: red 
(significant movement difficulty), yellow (mild move-
ment difficulty), and green (no detection of movement 
difficulty)9.

Procedure
Before applying the test, a room was adapted inside 

the educational institution to evaluate the participants 
where the location and installation height of two vi-
deo cameras were standardized, as well as the organi-
zation of elements and materials for the evaluation. 
The evaluation was carried out individually by the 
same evaluator in all cases (a student of 7th level of 
physiotherapy) who initially determine the age in years 
and months according to the record of the educational 
institution and also established the dominant hand of 
the participants. 

Then, the evaluator demonstrated each of the acti-
vities and allowed the participant to practice them, and 
then record through two video cameras, previously 
mentioned, the execution of the FMS of the study par-
ticipants. The order of the test follows the protocol 
described by the authors of MABC-2 and the average 
administration time was 35 minutes per participant.

To evaluate the inter-evaluators reproducibility, 
the three evaluators watch each video independently 
and fulfill the test evaluation format. In the intra-eva-
luator reproducibility evaluation, each evaluator wat-
ches the same video in two different moments with an 
interval of at least 20 days between each evaluation to 
reduce recall bias.

This work followed the Declaration of Helsin-
ki international recommendations which establishes 
the ethical principles for medical research involving 
human beings18 and the national current regulations 
established by the Resolution 008430, 1993 of the Co-
lombian Ministry of Health19. In addition, it is appro-
ved by the Scientific Research Ethics Committee of the 
Industrial University of Santander, and all parents of 
the evaluated children signed informed consent.

Analysis
First, the sociodemographic and anthropometric 

characteristics of the sample were described, and sub-
sequently, the distribution of the data was analyzed. 
With this objective, each of the motor skills scores 
obtained in the first evaluation made by each evalua-
tor was analyzed graphically and through statistical 
characteristics such as bias and kurtosis. Thus, it was 
considered as a criterion to identify if the variable had 

normal distribution when the bias was close to zero 
and when the kurtosis was close to three20,21.

Additionally, to describe the FMS distribution, the 
average and standard deviation were determined in 
each measure made by the evaluators. Once the sam-
ple had been characterized, the Cronbach’s α was cal-
culated, a test that estimates the weighted average of 
the correlations between the items of an instrument in 
order to establish internal consistency. The amplitu-
de of its value ranges from zero to one, indicating a 
poor relationship between the items that make up the 
scale when it is lower than 0.5, acceptable when it is 
between 0.5 and 0.7, and a good one when it is higher 
than 0.7522,23.

In order to determine the reproducibility of the 
movement impairments classification system, ‘tra-
ffic lights’, the weighted Kappa test was used which 
compares the proportion of the observed concordan-
ce with the expected one between two different mea-
sures or observations. Kappa values range from zero 
to one, indicating poor reproducibility when they are 
lower than 0.4, good when they are between 0.4 and 
0.75, and excellent when the estimation is higher than 
0.7522,23.

The intra- and inter-evaluators reproducibility 
evaluation was carried out through the ICC 2,1 which 
quantifies how similar two variables measurements are 
in ordinal or ratio scale applied to the same people21,23. 
When the value is close to 1.0, the reproducibility is 
almost perfect, therefore, coefficients higher than 0.75 
indicate a good reproducibility between measure-
ments24.

Likewise, the intra- and inter-evaluators level of 
agreement was established by applying the Bland-Al-
tman method of limits of agreement. Graphic analysis 
that shows the difference between two measurements 
and their average. Its interpretation is based on the di-
fferences average and their limits of agreement, thus, 
as the average closes to zero and the amplitude of its 
limits is low, a good agreement is established between 
the two measurements22,25.

Each of the raw, standardized, and percentile sco-
res were analyzed for both items and attributes, as well 
as the total test score. The database was typed in Ex-
cel twice and then its definitive validation and analysis 
were carried out in the software STATA 12.126.

Results

29 preschoolers participated aged between three 
and six years, 12 (41.4%) were male, 6 (20.7%) present 
overweight, and 5 (17.2%) were obese. 55.2% of the 
caregivers reported incomes between one and two cu-
rrent legal minimum wages (Table 1).

Movement assessment scale - G. I. Niño-Cruz et al
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Regarding the FMS distribution assessed with the 
MABC-2, considering the graphic analysis as well as 
the bias and kurtosis characteristics, it was possible to 
observe that only the raw score of each attribute (the 
raw score sum of the items comprising the attribute) is 
normally distributed (missing data).

The internal consistency evaluation showed a 
Cronbach’s α for the test total higher than 0.60 for 
each of the evaluators (evaluator 1: 0.65; evaluator 
2: 0.63; evaluator 3: 0.66) showing an acceptable 
internal consistency of the instrument. Regarding 
the reproducibility of the movement impairments 
classification system ‘traffic lights’, excellent results 
were obtained with Kappas equal to 1.0 for all eva-
luators.

Tables 2 to 4 show the intra- and inter-evaluator 
reproducibility findings where the good ICC results 
between 0.85 and 0.99 for all items and attributes stand 
out. Total scores also present excellent ICC, showing a 
high reproducibility level.

Regarding the intra-evaluator level of agreement, 
there were difference averages close to zero with na-
rrow limits (Table 5), and an even distribution of 
points around the mean without more than 5% of the 
data outside the 95% limits, both for items and for 
total attributes and scores for the whole instrument. 
Figure 1 shows a graphic analysis example using the 
Bland-Altman method.

Discussion

The objective of this study was to assess the inter-
nal consistency, the level of agreement, and the intra- 
and inter-evaluators reproducibility of the band 1 of 
MABC-2 in a sample of preschoolers enrolled in an 
educational institution from Bucaramanga, Colombia.

The findings of this study showed a high frequen-
cy of obesity (17%) in the assessed sample. Although 
previous scientific literature confirms the negative im-
pact of overnutrition on the motor skill performance 
in preschoolers27, the influence of this characteristic 
in the band 1 reliability of MABC-2 was controlled 
since 58.6% of the preschoolers had a healthy weight, 
showing that in relation to BMI, the sample was not 
homogeneous, thus validating the found results28. 

Regarding the distribution results of the FMS as-
sessed with the MABC-2, two characteristics should 
be considered. The first one, related to the sample 
size (29 participants), and the second one, related to 
the sampling method used in this study (convenience 
sampling). Due to these two aspects, the variability of 
the sample individuals was lower, therefore, the data 
tend not to be distributed normally, explaining the fin-
dings20,21. 

Besides that, the FMS scores obtained in this study 
clearly show a better performance in the manual dex-
terity (65.8 ± 29) and balance (52.7 ± 25.9) attributes 

Table 1. Socio-economic and demographic characteristics of study population 

Characteristics Boys  (n: 12) Girls  (n: 17) Total  (n: 29)

Age (years)	 mean ± SD
	 (Range)

4.5 ± 0.8
(3 - 5.7)

4.6 ± 0.9
(3 - 6.0)

4.5 ± 0.9
(3 - 6.0)

Height (cm)	 mean ± SD
	 (Range)

105.3 ± 7.6
(93.1 - 116.7)

106.3 ± 8.7 
(93.0 - 126)

106.0 ± 8.2 
(93.0 - 126)

Weight (kg)	 mean ± SD
	 (Range)

18.5 ± 3.9
(13.1 - 25)

18.5 ± 4.1 
(13.4 - 26.3)

18.5 ± 4.0 
(13.1 - 26.3)

BMI	 N (%)

Underweight 1   (8.3) 0 1   (3.5)

Normal weight 6 (50.0) 11 (64.8) 17 (58.6)

Overweight 3 (25.0) 3 (17.6) 6 (20.7)

Obese 2 (16.7) 3 (17.6) 5 (17.2)

Family income (minimum wage) N (%)

< 1 4 (33.3) 0 4   (1.4)

1-2 6 (50.0) 10 (58.8) 16 (55.2)

2-3 2 (16.7) 7 (41.2) 9 (43.4)

SD: Standard deviation 
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Table 2. Inter-evaluator reproducibility. Intraclass Correlation Coefficient (ICC) and 95% confidence interval  
(95% CI)

Attributes / Item ICC (95% IC)

Evaluator 1 Evaluator 2 Evaluator 3

Manual Dexterity 

Posting coins preferred handa 0.98 (0.97 - 0.99) 0.99 (0.99 - 1.0) 0.98 (0.97 - 0.99)

Posting coins non-preferred handa 0.99 (0.99 - 1.0)  0.99 (0.99 - 0.99) 0.99 (0.99  - 1.0)

Threading beadsa 0.99 (0.99 - 0.99) 0.99 (0.99 - 0.99) 0.99 (0.99 - 0.99)

Drawing trailb 0.99 (0.98 - 0.99) 0.99 (0.98 - 0.99) 0.99 (0.98 - 0.99)

Component score 0.97 (0.95 - 0.99) 0.99 (0.99 - 1.0) 0.98 (0.97 - 0.99)

Standard score 0.98 (0.96 - 0.99) 0.98 (0.97 - 0.99) 0.98 (0.96 - 0.99)

Percentile 0.90 (0.80 - 0.95) 0.92 (0.88 - 0.94) 0.90 (0.83 - 0.95)

Aiming and catching

Catching beanbagb 0.99 (0.98 - 0.99) 0.99 (0.98 - 0.99) 0.99 (0.98 - 0.99)

Throwing beanbag onto matb 0.99 (0.97 - 0.99) 0.91 (0.74 - 0.97) 0.91 (0.74 - 0.96)

Component score 0.98 (0.95 - 0.99) 0.98 (0.97 - 0.99) 0.98 (0.97 - 0.99)

Standard score 0.96 (0.91 - 0.98) 0.97 (0.97 - 0.98) 0.96 (0.92 - 0.97)

Percentile 0.96 (0.91 - 0.98) 0.95 (0.93 - 0.99) 0.97 (0.92 - 0.97)

Balance

One-leg balance best lega

One-leg balance other lega 0.99 (0.99 -  1.0) 0.99 (0.99 -  1.0) 0.99 (0.99 -  1.0)

Walking heels raisedb 0.99 (0.99 - 1.0) 0.99 (0.99 - 1.0) 0.99 (0.99 - 1.0)

Jumping on matsb 0.99 (0.99 - 0.99) 0.99 (0.98 - 0.99) 0.99 (0.99 - 0.99)

Component score 0.85 (0.67 - 0.92) 0.87 (0.71 - 0.94) 0.85 (0.70 - 0.90)

Standard score 0.97 (0.93 - 0.98) 0.97 (0.93 - 0.98) 0.97 (0.93 - 0.98)

Percentile 0.99 (0.97 - 0.99) 0.98 (0.96 - 0.99) 0.99 (0.98 - 0.99)

Total MABC-2

Total score 0.98 (0.95 - 0.99) 0.98 (0.96 - 0.99) 0.98 (0.96 - 0.99)

Standard score

Percentile 0.98 (0.96 - 0.99) 0.99 (0.98 - 0.99) 0.98 (0.97 - 0.99)

aSeconds; bNumber.

compare with the studies of Logan10 (2011) and Elli-
noudes14 (2011) carried out in the United States and 
Greece respectively, who found percentiles between 
18.4 ± 16.7 and 25.6 ± 61.5 in manual dexterity and 
38.1 ± 32.7 and 32.7 ± 6.5 in balance. These differences 
may be explained by the variability in the socio-cultu-
ral and environmental contexts of the preschoolers, as-
sociated with games that allow better self-organization 
of the movement, enhancing by the experience and the 
preference in the execution of these skills that contri-
bute to a better performance quality29. 

The internal consistency results for the test total 

showed acceptable coefficients for each of the evalua-
tors (α between 0.63 and 0.66). These findings may be 
explained in part by the small number of items that 
has the performance test of the MABC-2 and by the 
internal correlation between them. The study carried 
out by Civetta30 in 2008 showed an improvement in the 
internal consistency of the MABC-1 by removing the 
item with the lowest correlation (drawing a trail) thus 
increasing the α up to 0.70 30.

Other publications that exclusively evaluate this 
feature in the band 1 of MABC-2, such as Ellinou-
des14 in 2011 and Hua15 in 2013, reported coefficients 
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Table 3. Scores and intra-evaluator reproducibility in the first measure. Intraclass Correlation Coefficient (ICC) and 
95% confidence interval (95% CI)

Attributes / Item Measure  1 ICC (95% CI)

Evaluator 1
Mean ± SD

Evaluator 2
Mean ± SD

Evaluator 3
Mean ± SD

Manual Dexterity 

Posting coins preferred handa 12.9 ± 4.0 13.3 ± 4.0 12.8 ± 4.1 0.98 (0.95 - 0.99)

Posting coins non-preferred handa 15.9 ± 5.3 15.9 ± 5.4 15.6 ± 5.4 0.99 (0.98 - 0.99)

Threading beadsa 44 ± 34.8 42.8 ± 33.3 41.4 ± 31.7 0.99 (0.89 - 0.97)

Drawing trailb 2.9 ± 3.5 2.4 ± 3.0 3.0 ± 2.8 0.94 (0.88 - 0.97)

Component score 32.1 ± 6.8 31.4 ± 6.4 31.6 ± 6.0 0.93 (0.89 - 0.96)

Standard score 11.7 ± 3.2 11.3 ± 3.1 11.6 ± 2.9 0.88 (0.96 - 0.93)

Percentile 65.8 ± 29.6 64.8 ± 30.0 65.1 ± 28.9 0.99 (0.98 - 0.99)

Aiming and catching

Catching beanbagb 5.7 ± 2.8 5.6 ± 2.7 5.9 ± 2.9 0.97 (0.95 - 0.99)

Throwing beanbag onto matb 2.7 ± 1.8 2.4 ± 1.7 2.2 ± 1.6 0.91 (0.83 - 0.95)

Component score 16.4 ± 4.0 16.1 ± 3.7 15.6 ± 3.9 0.98 (0.95 - 0.99)

Standard score 8.5 ± 2.9 8.0 ± 2.8 7.9 ± 3.0 0.93 (0.88 - 0.96)

Percentile 34.5 ± 26.7 33.7 ± 25.8 34.0 ± 27.0 0.99 (0.97 - 0.99)

Balance

One-leg balance best lega 12.0 ± 10.0 12.3 ± 10.1 11.8 ± 10.2 0.99 (0.99 -  1.0)

One-leg balance other lega 8.5 ± 7.7 8.9 ± 7.8 8.4 ± 8.0 0.99 (0.99 - 1.0)

Walking heels raisedb 12.5 ± 3.5 12.8 ± 3.2 12.7 ± 3.3 0.90 (0.82 - 0.94)

Jumping on matsb 4.7 ± 0.6 4.8 ± 0.5 4.9 ± 0.4 0.90 (0.84 - 0.96)

Component score 31.1 ± 5.1 29.8 ± 4.8 31.0 ± 4.4 0.90 (0.83 - 0.95)

Standard score 10.4 ± 2.7 10.1 ± 2.2 10.2 ± 2.4 0.96 (0.92 - 0.98)

Percentile 52.7± 25.9 52.3 ± 25.9 52.3 ± 25.8 0.98 (0.98 - 0.99)

Total MABC-2

Total score 79.6 ± 11.2 79.0 ± 11 80.0 ± 11.0 0.98 (0.97 - 0.99)

Standard score 10.3 ± 2.5 9.8 ± 2.3 10.2 ± 2.3 0.96 ( 0.93 - 0.98)

Percentile 53.9 ± 24.5 53.6 ± 24.1 53.6 ± 24.7 0.99 (0.98 - 0.99)

aSeconds; bNumber. SD: Standard deviation.

between 0.44 to 0.70, attributing these results to the 
same reason (small number of items) and empirically 
demonstrating the internal correlation by removing 
the FMS with the lowest correlation, which in their 
cases was drawing a trail, therefore increasing the 
Cronbach’s α 14,15.

Additionally, the results of the study carried out 
by McCrae31 et al. in 2010 showed that factors specific 
to the individual (age), as well as the type of task per-
formed influence the Cronbach’s α. According to Mc-
Crae31, internal consistency may be different in each 
population group and is vulnerable to random errors 

derived from the characteristics of each task. This may 
be explained by the Cronbach’s α magnitude in studies 
such as those of Wuang32 et al. (2012), and Valentini16 
et al. (2014) who reported coefficients higher than 0.70 
when evaluating the internal consistency of bands 2 
and 3 of the MABC-2, which consider other ages and 
other types of skills. 

Regarding the intra- and inter-evaluators reprodu-
cibility, when comparing our results with those repor-
ted in the literature, the ICC for the final score were si-
milar (ICC 0.85-0.97) showing a good reproducibility 
when applying two measures with this instrument12,15.

Movement assessment scale - G. I. Niño-Cruz et al
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Table 4. Scores and intra-evaluator reproducibility in the second measure. Intraclass Correlation Coefficient (ICC) 
and 95% confidence interval (95% CI)

Attributes / Item Measure  2 ICC (95% CI)

Evaluator 1
Mean ± SD

Evaluator 2
Mean ± SD

Evaluator 3
Mean ± SD

Manual Dexterity 

Posting coins preferred handa 12.8 ± 4.0 13.4 ± 4.0 12.8 ± 4.1 0.98 (0.97 - 0.99)

Posting coins non-preferred handa 15.8 ± 5.3 16.0 ± 5.2 15.6 ± 5.3 0.99 (0.99 - 0.99)

Threading beadsa 44 ± 34.7 42.9 ± 33.3 41.3 ± 31.6 0.98 (0.96 - 0.99)

Drawing trailb 3.1 ± 3.5 2.3 ± 2.9 2.9 ± 2.6 0.96 (0.93 - 0.98)

Component score 32.1 ± 6.1 31.5 ± 6.3 31.9 ± 6.0 0.96 (0.93 - 0.98)

Standard score 11.7 ± 3.0 11.4 ± 3.1 11.6 ± 3.0 0.93 (0.87 - 0.96)

Percentile 62.3 ± 29.1 64.7 ± 30.0 65.2 ± 28.9 0.96 (0.93 - 0.97)

Aiming and catching

Catching beanbagb 5.7 ± 2.8 5.6 ± 2.5 5.8 ± 2.9 0.98 (0.97 - 0.99)

Throwing beanbag onto matb 2.8 ± 1.8 2.4 ± 1.8 2.2 ± 1.8 0.91 (0.77 - 0.96)

Component score 16.6 ± 4.1 16.0  ± 3.5 15.3 ± 4.1 0.95 (0.90 - 0.97)

Standard score 8.4 ± 2.7 8.0 ± 2.6 7.8 ± 2.9 0.93 (0.87 - 0.96)

Percentile 34.3 ± 25.1 34.1 ± 25.8 33.8 ± 27.4 0.98 (0.97 - 0.99)

Balance

One-leg balance best lega 12.1 ± 9.9 12.1 ± 10.1 11.7 ± 10.4 0.99 (0.99 -  1.0)

One-leg balance other lega 8.6 ± 7.7 8.9 ± 7.9 8.6 ± 8.2 0.99 (0.99 - 1.0)

Walking heels raisedb 12.5 ± 3.4 13.0 ± 3.1 12.7 ± 3.1 0.95 (0.91 - 0.97)

Jumping on matsb 4.8 ± 0.4 4.8 ± 0.4 4.8 ± 0.4 0.88 (0.84 - 0.98)

Component score 31.2 ± 5.0 30.0 ± 4.8 31.0 ± 4.1 0.90 (0.81 - 0.95)

Standard score 10.3 ± 2.8 10.2 ± 2.2 10.4 ± 2.3 0.94(0.90 - 0.97)

Percentile 51.5 ± 26.1 52.1 ± 25.9 52.2 ± 26.0 0.99 (0.98 - 0.99)

Total MABC-2

Total score 80.0 ± 11.2 79.0 ± 11 80.0 ± 10.1 0.99 (0.98 - 0.99)

Standard score 10.3 ± 2.6 9.8 ± 2.3 10.2 ± 2.4 0.96 (0.93 - 0.98)

Percentile 53.5 ± 26.2 54.0 ± 24.0 53.5 ± 25.0 0.99 (0.98 - 0.99)

aSeconds; bNumber.

It is important to note that in most of the reviewed 
studies, the attribute with the highest reproducibility 
was the manual dexterity one (ICC 0.66-0.90), con-
trary to our results, which is attributable to the applied 
evaluation method since video evaluation allows the 
evaluator to observe the FMS performed by the child 
under exactly the same conditions, increasing the like-
lihood of designating a closer score. In contrast, the 
evaluation through direct observation implies an in-
creased modification probability in all sources of va-
riation related to the evaluator, the test, the evaluated 
subject, and the context33.

We could not compare the reproducibility of the 
movement impairments classification system, ‘traffic 
lights’ since there were no similar results in the re-
viewed literature. However, it is possible that the exce-
llent reproducibility in the Kappas is derived from the 
intra-evaluator reproducibility obtained with the raw 
scores, which in turn reflected the sum of the items 
that determined the total test score, thus generating 
the movement impairments classification established 
by the evaluators.

A contribution of this work is the analysis accor-
ding to intra- and inter-evaluator, which was not pre-
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Table 5. Agreement limits of Bland and Altman intra-evaluator. Averages of the differences between the first and 
Second measurement and 95% agreement limits

Attributes / Item Bland and Altman limits of agreement

Evaluator 1 Evaluator 2 Evaluator 3

Manual Dexterity 

Posting coins preferred handa 0.03 (-0.8 ; 0.9) -0.07 (-1 ; 0.8) 0.03 (-0.4 ; 0.4)

Posting coins non-preferred handa 0.1   (-0.5 ; 0.7) -0.10 (-0.9 ; 0.7) 0.03 (-0.6 ; 0.7)

Threading beadsa 0.1   (-0.9 ; 1.1) -0.07 (-1 ; 0.8) 0.07 (-0.8 ; 1)

Drawing trailb -0.1   (-0.8 ; 0.6) 0.07 (-0.8 ; 1) 0.07 (-0.1 ; 1.2)

Component score -0.07 (-2.8 ; 2.7) -0.03 (-1 ; 1) -0.2   (-2.1 ; 1.7)

Standard score 0.03 (-1.2 ; 1.3) -0.07 (-1.5 ; 1.3) -0.07 (-1.5 ; 1.4)

Percentile 3.4   (-1.0 ; 2.4) 3.0   (-2.8 ; 1.0) 3.2   (-1.2 ; 2.0)

Aiming and catching

Catching beanbagb -0.07 (-0.8 ; 0.7) 0.03 (-0.8 ; 0.9) 0.07 (-0.8 ; 1.0)

Throwing beanbag onto matb -0.1   (-0.7 ; 0.5) 0.07 (-0.7 ; 0.4) 0.5   (-1.1 ; 2.1)

Component score -0.2   (-2 ; 1.5) 0.1   (-1. ; 1.2) 0.2   (-1.7 ; 2.2)

Standard score 0.07 (-1.6; 1.7) 0.06 (-1.6 ; 1.3) 0.1   (-1.1; 1.4)

Percentile -0.5   (-5.3; 3.0) -0.4   (-4.9 ; 4.0) -0.8   (-7.0 ; 8.1)

Balance

One-leg balance best lega -0.07 (-0.1 ; 0.8) 0.1   (-0.7 ; 0.9) 0.03 (-1.2 ; 1.3)

One-leg balance other lega -0.07 (-0.6 ; 0.4) -0.03 (-0.9 ; 0.8) -0.1   (-1.2 ; 1.0)

Walking heels raisedb -0.03 (-0.7 ; 0.6) -0.2   (-1.1 ; 0.7) -0.03 (-0.3 ; 0.4)

Jumping on matsb -0.07 (-0.8 ; 0.7) -0.07 (-0.9 ; 0.8) -0.03 (-0.8 ; 0.7)

Component score -0.03 (-3.0 ; 2.6) -0.03 (-4.0 ; 3.6) -0.2   (-1.6 ; 1.2)

Standard score 0.07 (-0.8 ; 1.0) -0.1   (-1 ; 0.9) -0.2   (-1.3 ; 0.9)

Percentile 1. 2  (-0.4 ; 1.6) 1.0   (-1.0 ; 1.3) 1.1   (-0.6 ; 1.8)

Total MABC-2

Total score -0.4   (-4.4 ; 3.7) 0.03 (-1.1 ; 1.1) 0.1   (-1.1 ; 1.3)

Standard score 0      (-1.2 ; 1.2) 0.03 (-0.7 ; 0.8) 0      (-1.0 ; 1.0)

Percentile -0.4   (-5.1 ; 4.0) -0.4   (-4.1 ; 3.5) 0.3   (-4.3 ; 6.0)

aSeconds; bNumber. SD: Standard deviation.

viously reported in the literature. The results showed 
narrow limits and an average of differences close to 
zero for the items and attributes of the MABC-2 inclu-
ded in the raw scores of the instrument. These findings 
are useful since, with this methodology, it is possible to 
determine if the changes generated from an interven-
tion go beyond the measurement variability22.

This aspect is very relevant since between the age of 
three and six, the changes detected in the motor skill 
performance in band 1 of the MABC-2 are minor com-
pared with those changes during the first year of life 
and also, as raw scores and their respective percentiles 

are standardized, there is a tendency to homogenize 
the results in the motor skill performance of the child, 
therefore, the raw score would be more useful for de-
tecting the change generated from an intervention5-9.

It is worth to mention that the Test of Gross Motor 
Development 2 (TGMD-2) is the most widely reported 
instrument in the literature for documenting interven-
tion experiences aimed at promoting motor develop-
ment in the preschool stage, which evaluates 12 gross 
motor skills (six of locomotor and six of object control 
skills), therefore the evaluation of experiences aimed at 
improving the motor performance of fine motor skills 
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Figure 1. Example Bland-
Altman plot posting coins 
preferred hand.

is limited34. This limitation would be overcome with 
the application of MABC-2, and thus could be a valua-
ble tool to evaluate FMS from the attribute of manual 
dexterity included among its attributes9.

The results found in this study should be cautiously 
interpreted due to the following limitations. The sam-
pling type (convenience sampling) and the small sam-
ple size tend to decrease the variability of the sample 
participants as well as the data distribution restricting 
the application of highly sensitive tests to central ten-
dency and dispersion measurements20,21 that would 
provide a better accuracy understanding of the indi-
vidual MABC-2 scores, such as measurement standard 
error and coefficient of variance. However, it is impor-
tant to emphasize that we implemented analyses with 
tests that allow us to evaluate reliability, using the rele-
vant statistics in the evaluated sample22-25.

In addition, the participants were contacted once 
due to the study type (cross-sectional), limiting the 
determination of other important properties in an 
instrument such as the minimum detectable differen-
ce, highly useful in the clinical context. For this rea-
son, future studies need to include the application of 
MABC-2 in the same population over a period of time 
(longitudinal analysis)21. However, this study provi-
des a starting point for research experiences interested 
in studying motor development since it evaluates the 
three reliability components of an instrument, such as 

the internal consistency, the reproducibility, and the 
level of agreement, which in the published literature 
have not been reported together in a study so far. 

One of the strengths of this work is the participation 
of a researcher in human kinetics highly experienced, 
as well as undergraduate and graduate physical therapy 
students trained in the public health and child deve-
lopment areas, contributing to the basis of knowledge 
and work of professions such as kinesiology and phy-
siotherapy, in priority areas for the new millennium in 
the preschool population35,36.

Based on this evaluation, we can conclude that the 
band 1 of the MACB-2 in Spanish is an instrument 
with adequate psychometric properties of reliability. It 
is important to conduct research that also demonstra-
tes the validity and change sensitivity of the instrument 
in a larger sample, which would provide an instrument 
for diagnosis and evaluation of motor development in 
preschoolers.
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