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Jakub Kokstejn, Martin Musalek and James J. Tufano*

Faculty of Physical Education and Sport, Charles University, Prague, Czechia

Background: The Movement Assessment Battery for Children-second edition (MABC-2)
Age Band 1 is widely used to identify preschoolers with motor difficulties. Despite unsat-
isfactory construct validity of the original three-factor model, MABC-2 (manual dexterity,
aiming and catching, and balance), previous research has not considered possible age
and gender differences throughout the entire preschool period.

Aim: The aim of this study was to verify the construct validity of the MABC-2 Age Band
1in a population of Czech preschoolers with respect to age and gender.

Methods: Using data from 510 Czech preschoolers (3-6 years; 4.9 + 1.1 years), confir-
matory factor analyses (CFA) were used for each age category and gender.

Results: The goodness-of-fit indices of CFA supported the original three-factor model
of the MABC-2 only in 3- and 4-year-old children, and in boys (3-6 years). Low factor
loadings and ceiling effects of several test items (Drawing Trail, Walking Heels Raised,
and Jumping on Mats) seem to be a probable cause of weak fit indices in 5- and 6-year-
old children and in girls (3-6 years).

Conclusion: These results suggest that the MABC-2 can be a valid tool for assessing
motor development and identifying motor difficulties among 3- to 4-year olds, and
generally fits better for preschool boys in the Czech Republic. However, in 5- to 6-year
olds, ceiling effects and a low power of discrimination was found for the Drawing Trail,
Walking Heels Raised, and Jumping on Mats tests. Therefore, the three-factor model is
not appropriate for all preschoolers, and separate norms should be established for each
age and gender.

Keywords: motor assessments, movement difficulties, confirmatory factor analysis, motor skills, motor
development

INTRODUCTION

During childhood, motor development plays a crucial role in the physical, cognitive, and social
development of preschool- and school-aged children (1-3). Particularly, the adequate acquisition
of fundamental motor skills (FMS) during early childhood has been considered as a crucial step
in developing specialized and more complex motor skills later in life (2, 4, 5). Moreover, Rose
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et al. (6) have argued that a lack of FMS competency may result
in frustration and difficulty in learning more specialized skills,
thereby reducing the enjoyment of physical activity as well as the
likelihood of developing a physically active lifestyle. Therefore,
to design effective motor programs or to support the involve-
ment of a child with special needs, it is important to assimilate
valid information about the FMS levels of children (7).

To assess motor proficiency and identify impairments in
motor coordination in children, standardized motor perfor-
mance tests are commonly used (3, 8). Of these tests, the second
version of the Movement Assessment Battery for Children-
second edition (MABC-2) (9) is one of the most commonly used
and includes three age bands: age 3-6 (AB1), 7-10 (AB2), and
11-16 (AB3) (3). The MABC-2 test consists of a three-factor
model that assesses motor proficiency in three different motor
domains: manual dexterity (MD), aiming and catching (AC),
and balance (BAL). Based on the total MABC-2 test score, the
“traffic light system” identifies a child’s motor competency as fit-
ting into one of three categories: (1) without motor difficulties,
(2) at risk of motor difficulties, and (3) severe motor difficulties.
Moreover, the final range, with severe motor difficulties, is often
associated with the confirmation of a developmental coordina-
tion disorder (10).

According to the MABC-2 test manual, the main purposes of
the test is to identify motor development problems, evaluate the
effectiveness of motor-skill intervention programs, and clini-
cally investigate the motor skills of children (9). Additionally,
other child motor development specialists have suggested that
the test is suitable for assessing the developmental status of FMS,
realizing the achievement of early motor-related milestones, and
evaluating specialized movement skills (3, 11). As such, several
studies used the MABC-2 to assess and document the levels
of FMS competence among normally developing preschool
children (12-15). With the MABC-2 being so popular, it is nec-
essary to determine whether the MABC-2 effectively measures
separate motor skills in separate domains. If there is a strong
relationship between subtest scores, it may be that the separate
tests could be measuring similar constructs and essentially
counting the score of a shared construct more than once in the
total test score (TTS).

Some studies have shown that the MABC-2 test has suf-
ficient content (e.g., MABC-2 tests include different areas of
motor skills) and criteria validity (e.g., MABC-2 test scores
correlate with motor skills) (16, 17). However, these studies did
not enable direct quantitative relationships to be determined
between indirectly observed constructs and empirical indicators
such as “manual dexterity” and “posting coins,” respectively (16).
For assessing the relationship between constructs, or between a
construct and a directly measured variable in a definite structure,
confirmatory factor analysis (CFA) should be used (17).

In a study conducted by Schulz et al. (18), CFA clearly rejected
the MABC-2’s original three-factor model, and the most appro-
priate model showed a bi-factor structure with one general (motor
skill) factor for all variables in the MABC-2 and three separate
constructs (MD, AC, and BAL) where correlations between each
construct had to be fixed to a value of 0, indicating that they
measured different movement properties and were not correlated

to each other. These authors, however, did not look at the pos-
sible influence of age and gender throughout the entire preschool
period, which has recently been shown to affect MABC-2 test
scores (13). Similarly, the three-factor model was also rejected
by Hua et al. (19) and Psotta and Brom (8) in samples of 1,823
Chinese and 399 Czech preschoolers, respectively. Although
Ellinoudis et al. (20) verified the structure of the three-factor
model on a sample of Greek preschoolers, they used a relatively
small sample size (n = 183) that consisted only of 3- to 5-year-old
children, excluding 6-year olds, who likely require different test-
ing procedures, scoring procedures, or both (13).

The rather ambiguous results of the aforementioned studies
indicate that throughout the preschool period (3-6 years), a
wide range of individual differences in motor-skill development
is likely present between different ages and genders (13, 21-24).
This consideration was supported by Schulz et al. (18), who
suggested that future research should examine the structure of
factors in the MABC-2 test at different ages. Additionally, the
effect of gender could also affect the validity of MABC-2, as
research has shown that motor competencies can differ between
boys and girls of the same age (13, 14, 25, 26). Specifically, our
research group provided evidence that FMS proficiency assessed
by the MABC-2 differs between preschool boys and girls. Further,
it was found that these differences are not uniform throughout
the entire preschool period (3-6 years old) (13). Therefore, we
recommended that sex- and age-specific norms should be cre-
ated for the MABC-2 test. However, as our previous study only
assessed the differences between genders and ages, it would be
logical that the discriminatory abilities of each test item should
also be assessed before new sex- and age-specific norms are
developed. By assessing the construct validity of the individual
subtests within the MABC-2, it may be possible to make recom-
mendations regarding which test items should remain and which
should be adjusted.

Therefore, the aim of this study was to use CFA to verify
the construct validity of the MABC-2 test in a Czech popula-
tion of preschool children with respect to gender and age. We
hypothesized that variability in the children’s test performance
with respect to age or gender may be the cause of the inconsistent
construct validity in the MABC-2 test.

MATERIALS AND METHODS

Participants

A portion of these data (325 children) were previously used to
assess whether gender-specific differences in FMS were uniform
throughout the entire preschool period (13). As the aims of the
present study were starkly different to those of the previous study
(13), we also extended our research sample by 185 preschool
children to better assess the construct validity of the MABC-2.
Therefore, a total of 510 preschool children (4.9 + 1.1 years;
247 girls and 263 boys) participated in this study. Using gender
and age as stratification variables, a stratified sampling method
was used to select study participants from 10 randomly selected
kindergartens throughout Prague and its surrounding areas.
Children who had been previously diagnosed with mental or
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other serious clinical impairments (n = 6) were excluded from
the study. In cooperation with the kindergarten’s management,
parents were informed on the purpose, benefits, and risks of the
study. Those who were interested provided written informed con-
sent for their child’s participation in the study, in accordance with
the Declaration of Helsinki. The protocol was approved by the
Ethics Committee of the Faculty of Physical Education and Sport
at Charles University, Prague. After data collection and analyses,
parents received a report with their child’s motor performance
results, which also contained information about helpful public
service programs for children whose test scores were below the
15th percentile.

Instrument

The MABC-2 test for age band 1 (3-6 years old) includes eight
test items that represent the three motor domains: MD, AC, and
BAL (Table 1).

According to the MABC-2 manual with norms for Czech pre-
schoolers [Czech version (27)], the raw score achieved in each
test item is to be converted into the age-normed standard score.
The better a child performs, the higher the standard score is. In
the MABC-2 test, the overall level of motor-skill competency
is represented by the TTS, which is then calculated as a sum
of the standard scores of all eight test items and converted to
a standard score equivalent and percentile equivalent. A TTS
lesser than or equal to the fifth percentile indicates significant
motor difficulties; a TTS between the sixth and 15th percentile
indicates a risk of motor difficulties; and a TTS greater than the
15th percentile indicates typical motor coordination develop-
ment (9).

Procedure

Children were tested by a team of trained examiners (Master’s
degrees in Adapted Physical Education, Special Pedagogy,
Physiotherapy, etc.), who underwent the user’s training program
that focused on understanding the theoretical issues and practi-
cal skills needed for administering and scoring the test. These
research assistants performed the same tests for all children,
meaning that there were no inter-rater testing procedures.
Children were individually tested in their regular educational set-
ting during morning classes, taking about 20-30 min to complete
for each child.

TABLE 1 | Movement assessment battery for children-second edition (MABC-2)
test for preschool children (age Band 1).

MABC-2 test motor domain Task

Manual dexterity (fine motor skills) MD1 posting coins
MD2 threading beads

MD3 drawing trail

Aiming and catching (gross motor skills) ACH1 catching beanbag

AC2 throwing a beanbag onto a mat

Balance BAL1 one-leg balance
BAL2 walking heels raised

BALS jumping on mats

Statistical Analysis

For the purpose of data analysis, we used the standard scores
of the MABC-2 test items. To verify the factorial validity of the
MABC-2, CFA was used. The Mardia test, Henze-Zirkler’s test,
and Royston’s test rejected multivariate normal distribution;
therefore, the robust maximum likelihood estimate param-
eter was used (28, 29). According to the recommendations of
McDonald (30) and Maydeu-Olivares and McArdle (31), the
following fits were used: (1) model discrepancy: Chi-square
(S-By?), model significance p > 0.05; (2) approximating error:
root mean square error of approximation (RMSEA), standard-
ized root mean square residual (SRMR); and (3) incremental fit
indices: comparative fit index (CFI), Tucker-Lewis Index (TLI).
To determine the quality of a model, we respected the recom-
mendations of McDonald and Marsh (32), Hu and Bentler (33),
and Kline (34): RMSEA < 0.06; CFI > 0.95; TLI > 0.95; and
SRMR < 0.08.

First, separate CFAs were applied to each age category and then
to each gender. Comparisons between model fit between each
age category and between genders was done using the Bayesian
information criteria (BIC) coeflicient: a smaller BIC means a bet-
ter model fit (29, 35). Differences between two BIC coeflicients
were evaluated using the approach of Raftery (36) which respects
the inner algorithm of the M-plus software, version 6 (29), which
was used for data analysis. For revealing possible causes of low fit
indices of the model, we checked differences in factor loadings
of test items and correlations between factors among each age
categories.

Except for the fit indices, the differences between the observed
and predicted covariances in residual matrices were investigated.
Since the multivariate normality of items was rejected, we
analyzed values from the normalized residual matrix (37, 38),
as they represent the normalized difference between observed
and model predicted model correlation of two variables. This
difference is then transformed on scale where values higher than
1.96 are considered to be significant (39, 40). In other words,
normalized residuals higher than 1.96 indicate that there is a
large unexplained portion of a relationship between the empiri-
cal and predicted correlation of two variables. Additionally, the
frequencies of a child achieving the maximum score in each test
(i.e., ceiling effects) were also evaluated.

RESULTS

For the sake of simplicity, only data that do not support the three-
factor model are presented in the text and it can be assumed that
data that is not reported in the text support the three-factor
model. When assessing children of both genders and all ages
together, the original three-factor was rejected according to the
significant chi-square value (p < 0.01) and the poor fit indices
(CFI < 0.95, TLI < 0.95) (Table 2). Subsequent analysis of fac-
tor loading differences revealed poor discriminatory properties
(Figure 1). For example, although high factor loading values
(A) are desired, they were as low as 0.19 for BAL3 Jumping on
Mats. Moreover, a very high correlation was found between MD
and BAL (r = 0.89), suggesting that there is poor discrimination
between these two behaviorally different constructs.
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TABLE 2 | Fit indices of the original three-factor model of movement assessment battery for children-second edition for all children; girls of all ages and boys of all ages;

and boys and girls combined for separate age categories.

Group N S-By? P DF BIC RMSEA RMSEA 90% CI SRMR CFI TLI
All children 510 41.44 0.008 17 19,275.71 0.053 0.033-0.074 0.040 0.92 0.87
Girls: all ages 246 48.01 <0.000 17 9,968.60 0.086 0.058-0.115 0.069 0.79 0.66
Boys: all ages 263 20.61 0.240 17 9,276.97 0.028 0.000-0.066 0.038 0.98 0.96
3-year olds 121 17.82 0.400 17 4,932.55 0.020 0.000-0.086 0.050 0.99 0.98
4-year olds 143 19.14 0.320 17 5,149.36 0.080 0.000-0.084 0.039 0.98 0.97
5-year olds 125 27.85 0.050 17 5,578.96 0.070 0.009-0.118 0.074 0.85 0.75
6-year olds 121 20.75 0.240 17 5,477.35 0.043 0.001-0.096 0.058 0.86 0.76
3- to 4-year-old boys 142 24.50 0.106 17 5,692.82 0.056 0.000-0.101 0.045 0.94 0.89
3- 1o 4- year-old girls 122 31.37 0.018 17 5,826.58 0.083 0.034-0.128 0.059 0.88 0.80
5- to 6-year-old boys 121 18.36 0.364 17 4,231.36 0.026 0.000-0.088 0.053 0.98 0.97
5- to 6-year-old girls 125 Heywood case correlation between BAL1 and factor balance greater than 1

S-By?, chi-squared; DF, degrees of freedom;, BIC, Bayesian information criteria; RMSEA, root mean square error of approximation; Cl, confidence interval; SRMR, standardized root

mean square residual; CFl, comparative fit index; and TLI, Tucker-Lewis index.

Greater CFl, TLI, and p-values are desirable, indicating a “better” model fit; whereas lower BIC, RMSEA, and SRMR are desirable, indicating a “better” model fit.

0.89
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FIGURE 1 | Original three-factor model of the movement assessment battery
for children-second edition-2 test for 3- to 6-year-old children. MD1-BAL3:
test items; latent factors: MD, manual dexterity; AC, aiming and catching;
BAL, balance.
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FIGURE 2 | Original three-factor model of the movement assessment battery
for children-second edition test for 3- to 6-year-old girls. MD1-BAL3: test
items; latent factors: MD, manual dexterity; AC, aiming and catching; BAL,
balance.

Q
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When combining children of all ages together but assess-
ing each gender independently, the three-factor model of the
MABC-2 test did not fit in girls (S-By? = 48.01. p < 0.01) with
the lowest fit indices of all analyses within this study (TLI = 0.66,
CFI = 0.79) (Table 2). Subsequent analysis of factor loading
differences revealed the lowest discriminatory properties with
A values as low as 0.31 in girls for MD3—Drawing Trail, 0.19
in girls for BAL2—Walking Heels Raised, and 0.23 and 0.16 in
both girls and boys, respectively, for BAL3—Jumping on Mats.
Additionally, the correlation was too high in girls between factors
MD and BAL (r=0.97 and r=0.83) (Figures 2 and 3). Normalized
residual matrices were not satisfactory (>1.96) in girls between
MD3—Drawing Trail and BAL1—One-Leg BAL = 2.373; AC2—
Throwing a Beanbag onto a Mat and BAL2—Walking Heels
Raised = 2.172; and AC2—Throwing a Beanbag onto a Mat and
BAL3—]Jumping on Mats = 1.973.

When combining both genders together but assessing each
age category independently, CFA showed that the original
three-factor model of MABC-2 did not fit equally across all ages

083
055 061 0.4 .71 040 059 049 016
|MD1||MD2||MD3| |AC1| ’ACZ‘ ‘BAL1||BALHBAL3|
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FIGURE 3 | Original three-factor model of the movement assessment battery
for children-second edition test for 3- to 6-year-old boys. MD1-BALS: test
items; latent factors: MD, manual dexterity; AC, aiming and catching; BAL,
balance.
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(Table 2). Although the RMSEA, SRMR, and p-values generally
suggested that empirical covariances of MABC-2 items agreed
with the predicted model covariances in all age categories, dif-
ferent BIC index values and poor CFI and TLI scores revealed
significant variability in model fits between age categories.

In the next step of our analysis, we divided children accord-
ing to age and gender, focusing on age and gender interactions.
Subsequently, four CFAs (3- to 4-year-old boys, 3- to 4-year-old
girls, 5- to 6-year-old boys, and 5- to 6-year-old girls) revealed
that for both age groups of boys, the original three-factor model
fits well. On the other hand, the fit was not as good in girls of all
age groups, especially in 5- to 6-year-old girls where a Heywood
case was detected. A Heywood case represents negative variance
which indicates that there can be any combination of problems
within the model such as too little variance of a directly meas-
ured item explained in construct, an item discrimination that is
either too high or too low, a singularity in the matrix, an unusual
random sample, or other causes. In our study, BALI showed the
greatest variance compared to BAL2 and BAL3. It seemed that in
the model, the majority of variance of construct was, therefore,
explained by BAL1 and other items did not contribute signifi-
cantly. As a result of the analysis for 5- to 6-year-old girls, it is
not possible to compose a construct by one significant item. In
other words, the results in 5- to 6-year-old girls showed too little
variance to be explained in the construct, thus forcing structural
error variance to be negative.

Several test items from the MABC-2 had poor discrimi-
natory properties across age categories (Figures 4-7). For
example, A values were as low as A = 0.13 and 0.14 in 5- and
6-year olds, respectively for MD3—Drawing; A = 0.10 in 6-year
olds for AC1—Catching Beanbag; A = 0.31 in 5-year olds for
AC2—Throwing a Beanbag onto a Mat; A = 0.32 in 3-year olds
for BAL1—One-Leg BAL; and A = 0.04, 0.28, and 0.31 in 5-,
4-, and 6-year olds, respectively for BAL3—Jumping on Mats.
Additionally, correlations were too high between certain factors
across age categories (Figures 4-7). For example, r values were
as high as 0.80, 0.84, and 0.98 for MD and BAL in 6-, 3-, and

043 056 089 045 063 044 028
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FIGURE 5 | Original three-factor model of the movement assessment battery
for children-second edition test for 4-year-old children. MD1-BALS3: test
items; latent factors: MD, manual dexterity; AC, —aiming and catching; BAL,
balance.
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FIGURE 6 | Original three-factor model of the movement assessment battery
for children-second edition test for 5-year-old children. MD1-BALS: test
items; latent factors: MD, manual dexterity; AC, aiming and catching; BAL,
balance.
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FIGURE 4 | Original three-factor model of the movement assessment battery
for children-second edition test for 3-year-old children. MD1-BALS: test
items; latent factors: MD, manual dexterity; AC, aiming and catching; BAL,
balance.

067 057 .1 010 06‘I 029 031

|MD1||MD2||MD3| |AC1| ’ACZ‘ ‘BAL1||BALHBAL3|

G @0 e

FIGURE 7 | Original three-factor model of the movement assessment battery
for children-second edition test for 6-year-old children. MD1-BALS: test
items; latent factors: MD, manual dexterity; AC, aiming and catching; BAL,
balance.

Frontiers in Pediatrics | www.frontiersin.org

January 2018 | Volume 6 | Article 12



http://www.frontiersin.org/Pediatrics
http://www.frontiersin.org
http://www.frontiersin.org/Pediatrics/archive

Kokstejn et al.

Construct Validity of the MABC-2

4-year olds, respectively. Normalized residual matrices were
satisfactory (<1.96) for 3- and 4-year olds, but not 5- and 6-year
olds (>1.96). In 5-year olds, the normalized residual was 3.166
for MD3—Drawing Trail and AC2—Throwing a Beanbag onto
a Mat; and 2.690 for MD3—Drawing Trail and BAL2—Walking
Heels Raised. In 6-year olds, the normalized residual was 2.134
for AC2—Throwing a Beanbag onto a Mat and BAL2—Walking
Heels Raised. Moreover, a very strong ceiling effect (high per-
centage of children who reached the maximal score) was found
in BAL2—Walking Heels Raised (78 and 85% in 5- and 6-year
olds, respectively), BAL3—Jumping on Mats (94 and 95% in 5-
and 6-year olds, respectively), and MD3—Drawing Trail (70%
in 6-year olds).

DISCUSSION

Based on the results of previous studies (8, 18, 19), we hypoth-
esized that variability in children’s motor performance in relation
to age or gender may be the underlying origin of inconsistent
psychometric properties in the MABC-2 test. To our knowledge,
this is the first study to verify the, apparent lack of, factorial
validity of the original three-factor model of the MABC-2 motor
test for each age category separately during the entire preschool
period while also accounting for gender. As hypothesized, the
three-factor model’s goodness-of-fit indices were not satisfac-
tory when grouping all (n = 510) preschool children together
(RMSEA = 0.053; SRMR = 0.040; CFI = 0.92; TLI = 0.987).
Specifically, the model did not fit when girls of all ages were
grouped together, nor did it fit for 5-year olds or 6-year olds when
boys and girls of the same age were grouped together. Moreover,
the most serious problems were found in 5- to 6-year-old girls
where the model showed a Heywood case, identifying problems
specifically in the BAL construct. However, the present model did
fit for 3-year olds of both genders, 4-year olds of both genders,
and boys of all ages. All things considered, the findings of the
present study suggest that the current three-factor model should
not be applied to preschoolers of all ages and both genders, and
that age- and gender-specific testing and scoring procedures
should be developed.

Other researchers have also noted that the three-factor
model may not accurately explain the empirical data that the
MABC-2 purports to unveil (8, 18, 19). Particularly low factor
loadings and a large number of standardized residuals were the
main causes of the unsatisfactory fit of the original model of
the MABC-2 in these studies. To obtain a satisfactory fit, the
authors subsequently made additional statistical adjustments
(excluding the weak test items, adding the correlated measure-
ment errors, double factor loading of some test items, or creat-
ing general motor factor). Although the authors tried to defend
their modification of the original model of MABC-2 test, such
adjustments often decrease the theoretical nature of the model’s
constructs. Despite modifying these variables to achieve good fit
indices of the model, these authors did not consider the possible
effect of age and gender in the entire population of preschool
children. Only Psotta and Brom (8) divided the sample into
younger (3-4 years old) and older (5-6 years old) preschoolers
while attempting to verify the construct validity of the MABC-2,

but the authors did not report a satisfactory fit of the original
three-factor model for either of the two age groups.

With respect to age, the results of CFA in the present study
revealed substantial variability between different age catego-
ries. The findings clearly suggest that the three-factor model
appears to sufficiently fit for 3- and 4-year-old Czech children
independently, but not for 5- and 6-year olds. In contrast to
a general motor factor as a possible indicator of children’s
overall motor competence (18), our results support the valid-
ity of the original three-factor model MABC-2 which is able
to distinguish motor performance in different motor domains
(fine motor skills, gross motor skills, and BAL) only in 3- and
4-year-old children.

We found substantial variability of factor loadings in
MD3 (0.13-0.57), AC1 (0.10-0.89), BALI (0.32-0.81), BAL3
(0.04-0.42) between age categories. These findings showed that
the aforementioned test items discriminate the level of three
motor domains in significantly different ways across the entire
preschool period. Moreover, we also revealed very low factor
loadings of MD3, BAL2, and BAL3. These findings support the
results of previous research where MD3 and BAL2 (19), MD3
and BAL3 (18), and BAL2 and BAL3 (8) were also identified as
problematic due to their poor factor validity. Thus, the results
suggest that these test items probably do not sufficiently represent
their corresponding motor domains.

Although determining the construct validity was the primary
aim of this study, our results identified a somewhat problematic
phenomenon: many children achieved the highest possible score
in some tests, indicating that a ceiling effect was present. The
purpose of the MABC-2 test is to identify children who may
be at risk of developing motor difficulties. However, if scoring
procedures are too lenient or the test is too easy, the scores may
artificially inflate a child’s overall FMS performance, masking a
possible motor impairment. In our study, a large percentage of
children achieved the highest possible score in BAL2 (78 and
85% in 5- and 6-year olds, respectively), BAL3 (94 and 96% in
5- and 6-year olds, respectively) and MD3 (70% in 6-year olds),
similar to Psotta and Brom (8). Thus, the tests are either likely too
easy for 5- and 6-year olds, or the scoring criteria are too lenient,
both indicating that the tests may not be able to discriminate
between children who lack motor deficiencies, those at risk of
deficiency, or those who have sever motor impairments. To fur-
ther investigate the possible problematic nature of the testing and
scoring procedures for these tests, we determined the discrimi-
nation function of MD3, BAL2, and BAL3 in relation to a TTS.
An agreement between poor performance (<16th percentile) in
MD3, BAL2, and BAL3 and poor TTS (<16th percentile) was
65% in 3-year olds, 60% in 4-year olds, 44% in 5-year olds, and
47% in 6-year olds. Thus, a strong ceiling effect and weak ability
of discrimination for MD3, BAL2, and BAL3 appear as possible
causes of the low discriminatory ability in dynamic BAL and MD
in 5- and 6-year-old preschool children.

The original three-factor model showed good fit indices in
boys (3-6 years), but the goodness-of-fit indices for girls were
not satisfactory. Poor factor loadings of MD3 and BAL2 in girls
and BAL3 in both genders suggests that these manifest vari-
ables likely measure different latent variables. This suggestion
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is supported by a very high correlation between the MD and
BAL MABC-2 subtests (r = 0.97 in girls and r = 0.83 in boys).
However, this assumption is hypothetical and cannot be deter-
mined using the data at hand. On the contrary, low factor load-
ings (poor discrimination property) of MD3 and BAL3 could
be due to the presence of ceiling effects, indicating that the test
requirements are too easy, or the scoring criteria are too lenient.
Double factor loading, when manifest variables are significantly
related to two latent factors, were also found in studies of
Schulz et al. (18) and Psotta and Brom (8). Another possible
explanation for the differences in the model fit indices for both
genders in our study could be different rates in motor develop-
ment between boys and girls. Recently, studies have shown that
preschoolers develop FMS at different rates (13, 25, 26) and that
these differences are not uniform through throughout the entire
preschool period (13). As a result, consideration for separated
norms for boys and girls had already been suggested (13, 14),
and are again affirmed here.

Ambiguous results about the quality of the original three-
factor model of MABC-2 were found in our study with respect
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