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A B S T R A C T

Background: Given the relationship between physical fitness and motor performance a test bat-
tery was developed that measures both components combined.
Aim: Following the development of the Performance and Fitness (PERF-FIT) battery, this study
investigated the construct validity with the ultimate aim of identifying attributes that dis-
criminate between different levels of motor abilities and anaerobic or musculoskeletal fitness.
Methods: In this cross-sectional study, 34 children with developmental coordination disorder
(DCD) and 34 matched typically developing children participated (7–10 years). The PERF-FIT
was used to examine known group validity. The PERF-FIT items were also compared to test items
of well-known standardized tests to examine concurrent validity.
Results: Concurrent validity was found to be of the expected low to moderate magnitude.
Children with DCD were consistently found to have lower levels of motor skill-related fitness
compared to typically developing children.
Conclusion and implications: The PERF-FIT seems to be a valid test to measure movement skills,
musculoskeletal fitness and agility in children between the ages of 7 and 10 years in low re-
sourced communities. The test seems to discriminate between gross motor skills, and agility and
power in children with and without DCD.

What this paper adds

Motor skill-related fitness is an important element of children’s development. However if children have difficulties performing
motor skills, this may affect their physical fitness and vice versa. Thus, a specific tool, the PERF-FIT test battery, that combines the
different aspects motor skill performance, and agility and power (collectively called motor skill-related fitness) was developed and
evaluated. Children with DCD were consistently found to have lower levels of motor skill-related fitness, as confirmed by significant
differences on all the items of the PERF-FIT as compared to children with typical development. Effect sizes of the differences between
the groups were large (mean 0.97, range 0.67–1.33). This study confirmed how important it is for clinicians seeing children with DCD
to follow up on skill-related fitness to address potential adverse health effects in this group. The PERF-FIT can be used as a valid tool
to measure motor skills and musculoskeletal fitness in children.
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1. Introduction

According to the World Report on Disability (World Health Organization, 2011) more than one billion people in the world live
with some form of disability. Of this, about 95 million are estimated to be children. Moreover, 80 % of the world’s disabled po-
pulations live in low-income countries (World Health Organization, 2011). In addition, children in these communities are challenged
with the burden of poverty, less adequate facilities for health care, and scarce community services (Lagunju & Okafor, 2009). These
factors may affect their health and may restrict opportunities to take part in leisure physical activities.

Strong evidence shows that physical inactivity increases the risk of many adverse health conditions, including major non-com-
municable diseases such as coronary heart disease, type 2 diabetes, and breast and colon cancers, and shortens life expectancy (Lee
et al., 2012). Hence, early identification of deficits in physical activity and fundamental motor skills is crucial given that they are
essential for the development of healthy lifestyles. The relationship between fundamental motor skills and physical activity is bi-
directional. Not engaging in physical activity may be caused by poor gross motor skills and not participating in physical activity limits
the opportunity to improve skills. It is important to assess fundamental movement skills combined with agility and power in children,
as they are thought to be vital components of physical fitness (Haga, 2008).

Motor coordination and agility are considered to be the physical attributes that are directly related to the ability to easily perform
daily physical activities (Stodden et al., 2008). A wide variety of physical activities are undertaken by children throughout the world.
In developing countries, daily tasks and transportation may involve more activity than in more developed countries. In specific
countries or regions, discretionary or leisure time physical activities may be more prevalent than mandatory activities (chores) or
active transportation. Based on a dynamic systems approach, one would predict that factors which may influence the child’s
movement behavior, environment being an important one, will have a large impact on the motor skills the children are exposed to
and thus have an opportunity to master. Hence, it is necessary to develop context-specific tools that accurately measure motor skills
and fitness performance especially for children living in more deprived communities.

There are two ways to solve the impact of environment or context related factors on motor abilities when developing performance
tests: 1) develop tests that include culturally relevant activities which would then need validation per region/subgroup or 2) identify
activities that are less influenced by culture or available game and sports opportunities. The concept of fundamental motor skills
comes closest to the latter supposition.

Proficiency in fundamental movement skills in childhood is assumed to be directly related to a healthy and active lifestyle later in
life (Barnett, van Beurden, Morgan, Brooks, & Beard, 2008). If children feel themselves to be less competent in fundamental
movement skills they will not be motivated to be active and practice motor skills, thus missing out on opportunities to learn the skills
and improve their physical fitness (Poitras et al., 2016).

Physical fitness may be subdivided into health-related fitness and motor skill or performance related fitness. Cardiorespiratory
endurance, muscular strength and endurance, body composition and flexibility are often referred to as health-related fitness and are
usually associated with disease prevention and health promotion (Powell, Caspersen, Koplan, & Ford, 1998). Skill-related fitness
incorporates agility, balance, coordination, speed, power, and reaction time, reflecting the performance aspect of physical fitness
(Caspersen, Powell, & Christenson, 1985). However, the overlap in content between motor competence and physical fitness in every
day activities warrants the development of an assessment tool that covers and integrates both factors.

Not all children show a smooth developmental trajectory of their fundamental movement skills. Inconsistent data on the pre-
valence of delayed development of fundamental movement skills or Developmental Coordination Disorder (DCD) in low-income
countries have been reported, varying from 4.3 to 18 % (Cardoso, Magalhães, & Rezende, 2014; de Milander, Coetzee, & Venter,
2016; Valentini, Ramalho, & Oliveira, 2014). However, it is likely that the percentage of children is higher than the usually described
5 percent (American Psychiatric Association, 2013; Blank, Smits-Engelsman, Polatajko, & Wilson, 2012) as poor motor coordination
is associated with low socioeconomic status (de Milander et al., 2016; Ferguson, Jelsma, Versfeld, & Smits-Engelsman, 2014; Wei
et al., 2015). Compared to their typically developing peers, children with developmental motor disorders usually exhibit a lower level
of physical activity and decreased physical fitness, which predisposes them to non-communicable diseases like cardiovascular in-
cidents (Philips et al., 2016).

Physical therapists have repeatedly been encouraged to promote the health and wellbeing of individuals through physical activity
and fitness promoting initiatives. (Faigenbaum & MacDonald, 2017); (Faigenbaum et al., 2014)). Skill-related fitness evaluation and
promotion may be an imperative preventative strategy for mitigating adverse health complications in children (Gisladottir, Haga, &
Sigmundsson, 2014). This could be one of the means for the fragile health systems of low or middle-income economies to circumvent
avoidable health consequences of these conditions.

To research the prevalence of coordination and skill-related fitness problems, healthcare professionals and researchers require
standardized assessment tools to identify, classify and diagnose problems in children. Importantly, the characteristics of the normed
population should be taken into consideration when interpreting test results as environmental and cultural differences have been
known to affect motor development. Additionally, most tests only have normative data for the industrialized countries (USA and
Western-Europe). Until recently, there was no standardized test that examined motor performance and anaerobic fitness in children
between 5–12 years of age with norms based on data gathered in an African or South American context. Due to this lack of a suitable
tool for these populations, we developed a new test called the Performance and Fitness battery or PERF-FIT (Smits-Engelsman, 2018).

The PERF-FIT contains a motor performance subscale with important fundamental movements skills (including object control/
ball skills, locomotor skills and balance/stability skills), which are tested in as a series of activities of increasing difficulty (so called
Skill Item Series or SIS) and an agility and power subscale, which uses skills like Running, Stepping, Long jump, Side jump and
Overhand throw to measure aspects of power and anaerobic capacity at activity level. Overall, this project aimed to provide a valid
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tool to assess motor skill-related fitness for healthcare workers and physical educators who work with children in the described
settings.

In this study we investigated aspects of construct validity. Construct validity was investigated in two ways; by testing the re-
lationship between the scores on the PERF-FIT (Smits-Engelsman, 2018) with standardized item scores of other tests expected to
partially measure the same construct (Bruininks-Oseretsky Test second edition (BOT-2), Movement Assessment Battery for Children-
second edition (MABC-2), Functional Strength Measurement (FSM), sprint tests) and by using known group comparison (Mokkink,
Prinsen, Bouter, Vet, & Terwee, 2016). The magnitudes of the correlations were expected to be moderate to low because they measure
unique, yet related, constructs of interest. For the known-group validity, children with DCD were expected to have more severe
limitations on PERF-FIT items than typically developing children, with moderate to large effect sizes.

2. Methods

2.1. Procedure

This study used a cross-sectional design. Children were measured at their schools. Parents or legal representatives of all parti-
cipants gave written informed consent and all children gave their assent prior to participation. The study was approved by the Ethics
in Research Committee (ERC) of the Federal University of Sao Carlos (89993118.8.000.5504/2018). Eight assessors received an 8-h
training on all the outcome measures. Prior to testing, the length and weight of participants were measured. All test items were
performed in two sessions with a maximum of two weeks in between. The time needed for the PERF-FIT depended on the skill level of
the child. The time to complete the full assessment was about 20−40 min. If the child was only able to do the first level of the skill
item series, less than 20 min was needed. Administration of the MABC-2 took about 20−30 min. Children were tested on different
days on the 2 motor tests.

Sprint tests, BOT jump tests and Overhead Throw were divided over the two test sessions but could be completed in about 15 min
altogether. Explaining and setting up these items, and rest periods took up most of the time.

2.2. Participants

To select participants, we used a two-step procedure. To increase the chance of identifying children with motor coordination
problems parents were asked to fill out the Brazilian translated cross-cultural adapted version of Developmental Coordination
Questionnaire (DCD-Q). (Prado, Magalhães, & Wilson, 2009). In the absence of Brazilian norms, the Canadian DCD-Q cut off score,
≤55 points (Wilson & Crawford, 2007; Wilson et al., 2009), was used to indicate “at risk for DCD”. The children selected based on
low DCD-Q scores were then tested on the MABC-2. The four Diagnostic and Statistical Manual of Mental Disorders (DSM-5) criteria
were used to identify children with DCD (American Psychiatric Association, 2013). All children between 7–10 years (Criterion C) who
were identified by the DCD-Q as at risk for having a motor coordination problem in every day life by parents (Criterion B); who scored
below the 16th percentile on the Movement Assessment Battery for Children 2nd edition (Criterion A); whose parents reported no
diagnosis of a significant medical condition known to affect motor performance on the parental questionnaire (Criterion D); and who
had not repeated a grade more than once, which affirmed the absence of intellectual disability; Criterion D), were characterized as
fulfilling the criteria for DCD. The parental questionnaire was used to gather information regarding the child’s birth, developmental
milestones and medical history. Through this procedure, 34 children between 7 and 10 years of age were selected to participate in the
study and they were matched with 34 TD children from the same classes with DCD-Q score in the normal range and the values above
the 16th percentile on the total score of the MABC-2. All children were from public schools located in the countryside of the state of
São Paulo, Brazil. Mean age was 8.97 years (SD 0.9 range 7–10), 50 % boys and 50 % girls. No significant differences were found
between the groups on age or BMI, while the motor performance profile on the MABC2 was significantly different (see Table 1). The
number of boys was slightly higher in the group with the poorer motor skills (DCD boys: girls = 19:15; TD boys: girls = 15:19).

Table 1
Demographics and Motor Performance profile (subcomponents and total score of the MABC2 and DCD-Q) of the participating children.

TD n = 34 DCD n = 34 t-value p-value

Mean SD Mean SD

Age 9.2 0.8 8.8 1.0 1.85 0.07
BMI 17.3 3.7 17.4 4.3 −0.12 0.91
Manuel Dexterity (SS) 9.7 2.7 5.8 2.1 6.59 0.001
Aiming and Catching (SS) 8.8 2.3 6.5 2.3 4.15 0.001
Balance (SS) 11.8 2.3 5.1 1.6 14.01 0.001
Total score (SS) 9.9 1.2 4.6 1.6 15.63 0.001
DCD-Q 63.1 5.8 44.8 8.1 10.28 0.001

TD: Typically developing children.
DCD: Children with DCD.
SD: standard deviation.
SS: Standard Score.
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2.3. Measurements

2.3.1. Motor skill performance subscale of the PERF-FIT
This subscale contains five Skill Item Series (SIS) of increasing difficulty; Jumping, Hopping (left and right), Bouncing and

Catching, Throwing and Catching, and Balance. All children start at the easiest level and a series is terminated when they do not reach
the criterion number of points for the item after two trials. If they obtain the maximum number of points after the first trial no second
trial is given and the child proceeds to the next level of difficulty. For instance, the jump item series increases at first in distance
between the consecutive jumps (40 cm) and later in height of the jumps (5 or 10 cm). In this study the Jumping, Hopping, Throwing
and Catching, Bouncing and Catching, and Balance items were compared to standardized items of other tests to evaluate convergent
validity. Total scores are calculated by the sum of the correctly performed catches, hops or jump. For an example of 2 Skill Items
Series see Table 2.

2.3.2. Agility and power subscale of the PERF-FIT
This subscale contains five items: Running, Stepping, Side Jump, Long Jump, Overhand Throw. For the Agility and power subscale

children perform two trials for each item and get 15 s rest between the two trials. The Agility and power subscale of the PERF-FIT items
(for short description see below) were compared to standardized items of other tests to evaluate convergent validity (see Table 3).

For the Running and Stepping, participants were instructed to step into each square of an agility ladder as quickly as possible, make
a 180-degree turn at the other end, and run back to the starting position In the Running item the participant was required to run
forward placing one foot in each square while in the Stepping item two feet had to be placed in each square. The ladder test has been
shown to be a valid and reliable test for agility (Smits-Engelsman, Aertssen, & Bonney, 2019).

Side Jump: in this item the child starts standing sideways with one foot in square 1 and the other foot in square 2 and is asked to
jump on both feet to the next squares (2 and 3) and back (1 and 2) as fast as possible without making mistakes. The number of correct
jumps is counted. Two trials are given and the best score is used for the analysis.

Table 2
Example of two Skill Item Series and points that can be obtained.

Throwing and Catching 10 trials
5 items * 10 points = 50 points maximum score.

1. Throw the ball in the air and catch it with two hands
2. Throw the ball in the air and catch with the preferred hand
3. Throw the ball in the air and catch with the non-preferred hand
4. Throw the ball in the air, clap and catch with the preferred hand
5. Throw the ball in the air with the non-preferred hand, clap and catch with the non-preferred hand.

Jumping:
4 items with 8, 4, 4, and 4 points = 20 points maximum score.

1. Jumping in each square (8 jumps)
2. Jumping every other square (4 jumps)
3. Jumping over four 5 cm foams (4 jumps)
4. Jumping over four 10 cm foams (4 jumps)

Table 3
PERF-FIT items were compared to standardized test items of other known tests to examine
construct (concurrent) validity.

PERF-FIT Chosen test items for comparison

Motor Skill Performance subscale 5 items
1. Jumping MABC-2 Cluster Balance score

MABC-2 Hopping on Mats
2. Hopping MABC-2 Cluster Balance score

MABC-2 Hopping on Mats
BOT-2 One-legged Side jump, preferred leg
BOT-2 Two-legged Side jump

3. Throwing and Catching MABC-2 Cluster Aiming and Catching
4. Bouncing and Catching MABC-2 Cluster Aiming and Catching
5. Balance MABC-2 Cluster Balance score
a) Static MABC-2 Static Balance items
b) Dynamic MABC-2 Dynamic Balance items
Agility and power subscale:

5 items
1. Running 10 × 5 m sprint
2. Stepping 10 × 5 m sprint
3. Side Jump BOT-2 Two-legged Side jump
4. Long Jump 10 × 5 m sprint
5. Overhand throw FSM Overhand throw (standing)
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The Long Jump item was used to measure explosive power of the legs. Starting standing behind a marked line, participants were
asked to jump as far as possible and stay where they landed so the distance from the start line to the point of the back of the heel
nearest to the start line could be measured. The Long jump was first demonstrated using appropriate arm swing and 2-footed takeoff
and landing. However, no further instruction on how to perform the jump was given. The test was repeated twice and the best score
(in cm) was retained. The standing long jump is recognized as a valid and reliable test for measuring lower extremity muscle power
(Fernandez Santos, Ruiz, Cohen, Gonzalez-Montesinos, & Castro-Piñero, 2015; Latorre-Román, García-Pinillos, & Mora-López, 2017).
The outcomes of the Running, Stepping and Long Jump items of the PERF-FIT are therefore expected to be moderately correlated to
the performance on 10 × 5 m sprint.

For the Overhead Throw item the participant was instructed to kneel behind the throwing line on a soft foam rubber mat with the
knees slightly apart, holding a sandbag firmly in the middle with the hands. The child lifts the bag behind the head and throws it
forward as far as possible without falling forward. Two attempts were allowed and the furthest distance was retained. The distance
from the starting line to where the bag landed was recorded (in cm). From our work with the Functional Strength Measurement test
(FSM) we knew the distances children could throw a sandbag while standing (Aertssen, Ferguson, & Smits-Engelsman, 2016). An
important characteristic of the of PERF-FIT is that it only requires 5–6 meter long space. To allow for this restriction, upright kneeling
was chosen as the start position for this test as the maximum throwing distance achieved is less than when an Overhead Throw is
done in standing as in the FSM test.

2.4. Comparison instruments for the PERF-FIT

2.4.1. Movement assessment battery for children-second edition (MABC-2)
All children completed the eight motor tasks of the MABC-2, age band 2 (7–10 years) (Henderson, Sugden, & Barnett, 2007). Raw

scores were converted to standardized scores for the classification of children (DCD versus non-DCD). Both raw sores (for item
comparison) and standard scores (subscale) were used for the analysis. The MABC-2 test is deemed to have excellent psychometric
properties and has been used in many different countries (Ellinoudis et al., 2011; Valentini, Clark, & Whitall, 2015).

2.4.2. One-legged and two-legged side jump, Bruininks-Oseretsky test (BOT-2)
Participants completed two agility/dynamic balance items of the BOT-2: jumping and hopping side-ways over a line for 15 s

(Bruininks & Bruininks, 2005). Participants were instructed to jump and hop over a line as fast as possible without making mistakes.
Two trials per test were given and the best trial was used for the analysis. The Two-legged Side hop of the BOT-2 is most similar to the
PERF-FIT Side jump and the One-legged side hop (only done on the preferred leg in the BOT-2) to the Hopping SIS. Moderate
correlations are expected between these BOT-2 and PERF-FIT items.

2.4.3. The 10 × 5 m sprint test (10 × 5 m sprint)
For this test participants were instructed to perform ten sprints at their maximum speed over a 5-meter trajectory with no breaks.

Total time (s) over 50 m was used for the analysis. This test is reported to be reliable in children (Bonney, Aertssen, & Smits-
Engelsman, 2018). The 10 × 5 m test was chosen as a general measure of anaerobic capacity. Low to moderate correlations were
expected between the Running and Stepping task and Long Jump of the PERF-FIT and the 10 × 5 m sprint test.

2.4.4. Overhead throw (FSM)
For the Overhead Throw item of the FSM the participant was asked to stand behind the throwing line with the feet slightly apart,

holding the sandbag and facing the direction in which the bag was going to be thrown. The bag was lifted up above the head and
thrown vigorously forward as far as possible without stepping over the line. Two attempts were allowed and the furthest distance was
retained. The distance from the starting position to the first landing place of the bag was recorded (in cm). The Overhead Throw in
standing is a valid and reliable test for measuring upper extremity muscle power (Aertssen et al., 2016) and is expected to correlate
highly with the Overhead Throw in Kneeling of the PERF-FIT.

2.5. Data analysis

Data were checked for normality using the Kolmogorov-Smirnov test. Descriptive statistics including mean and standard deviation
were used to summarize descriptive data. Pearson product-moment correlation coefficients were computed to examine the expected
relationships between PERF-FIT items and standardized test items as follows: Balance items of the PERF-FIT were correlated with the
Balance scores of the MABC-2; SIS Bouncing and Catching, Throwing and Catching and Overhead Throw in kneeling were compared
with the Aiming and Catching scores of the MABC-2 and the Overhead Throw Kneeling with the Overhead Throw in standing of the
FSM. The PERF-FIT Side Jump and SIS Jumping and Hopping were compared to the one- and two- legged hop of the BOT-2; the PERF-
FIT Agility items were compared with the 10 × 5 m sprint. Values< 0.40 were considered a low, 0.4–0.7 a moderate, and>0.7 a
high correlation (Cohen, 1988).

Because the ratio of boys and girls was different in the TD (19;15) and DCD group (15:19), a first step in the analysis was to test if
scores on the PERF-FIT items were different between gender within these two groups. Boys and girls with DCD were not different on
any of the PERF-FIT scores. In the TD group only on the Running item a significant difference was found, indicating that TD boys ran
faster than TD girls. Differences in the scores for groups (TD/DCD) were determined using independent t-tests and effect sizes using
Cohen’s d with pooled standard deviations. For the Running item an ANOVA was performed with both group (TD/DCD) and gender
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(Boys/Girls) as between subject factors. Data analyses were performed using SPSS (version 24.0. SPSS Inc., Chicago, IL, USA). Level of
significance was established at p ≤ 0.05.

3. Results

3.1. Convergent validity

Correlations between the scores on the PERF-FIT items and standardized tests are presented in Tables 4–7. As hypothesized
correlations were mostly moderate. The results are discussed per specific comparison examined.

3.1.1. Comparison between MABC-2 items and the skill item series of the PERF-FIT
All balance items of the PERF-FIT were significantly correlated with the balance cluster score of the MABC-2 (Table 4). Walking

heel-to-toe was the exception. The Hopping and Moving Cans of the PERF-FIT (See Supplementary material for video), were
somewhat similar to the MABC-2 Hopping on Mats and showed the highest correlation (r .53 = .p<0.01 and r = .52, p<0.01,
respectively).

The two Aiming and Catching items of the MABC-2 (aiming at a target and catching with two hands) were compared to the PERF-
FIT Throwing and Catching, and Bouncing and Catching items. Correlations were moderate and higher for Throwing than for
Bouncing (Table 5). Overhand throwing of a 2 kg sandbag was not significantly related to the cluster Aiming and Catching and the
raw score the item Throwing beanbag on a mat the MABC-2. As expected, the distance the sandbag was thrown while standing (FSM)
and kneeling (PERF-FIT) was highly correlated r .88 = . p<0.01.

3.1.2. Comparison Agility and Power subscale items PERF-FIT and standardized items
Participants completed two agility tests of the BOT-2 involving jumping and hopping side-ways over a line for 15 s (Bruininks and

Bruininks, 2005). The Two-Legged Side Hop (BOT-2) is most similar to the PERF-FIT Side Jump and the One-legged Side Hop (only
done on the preferred leg in the BOT-2) to the PERF-FIT Hopping. Moderate correlations were expected and found between BOT-2
and PERF-FIT items, with higher values for Hopping tasks on the right leg (Table 6). Correlations between the 10 × 5 m sprint and
running and explosive power items of the PERF-FIT were all very similar (r .35–.42) (Table 7).

3.2. Known-group validity

All the scores on the PERF-FIT items were significantly different between children with and without DCD, with large effect sizes.
For the item Running, no main effect of Gender (p = 0.16) and no interaction of Group by Gender (p = 0.28) was found. The results
are presented in Table 8.

Table 4
Correlation between MABC-2 balance items and PERF-FIT items.

PERF-FIT MABC-2 Cluster balance SS MABC-2
Item 6
One board balance

MABC-2 Item 7
Heel to toe

MABC-2
Item 8
Hopping Mats

Jumping .289* .321** .128 .329**
Hopping .434** .425** .272* .529**
Static Balance .435** .440** .330** .426**
Dynamic Balance Steps .271* .286* .189 .389**
Dynamic Balance Cans .448** .472** .251* .512**

** Correlation is significant at p< .01 (2-tailed).
* Correlation is significant at p< .05 (2-tailed).

Table 5
Correlation between Aiming and Catching cluster items of the MABC-2, the Overhand Throw standing (FSM) and Bouncing, Catching and Throwing
items of PERF-FIT.

PERF-FIT MABC-2 Cluster Aiming and Catching
MABC-2 SS

Raw score item 4
Catching

Raw score Item 5
Aiming

FSM Overhand Throw
(Standing)

Throwing and Catching .516** .517** .397**
Bouncing and Catching .454** .347** .276*
Overhand throw (Kneeling) .234 .317* .088 .880**

**Correlation is significant at p< .01 (2-tailed).
** **Correlation is significant at p< .05 (2-tailed).
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4. Discussion

This study aimed to investigate aspects of construct validity of a recently introduced performance and anaerobic fitness assess-
ment tool for children with DCD and TD children. We tested the relationship between PERF-FIT items and standardized items of BOT-
2, MABC-2, FSM and sprint test. Concurrent validity was found to be of the expected magnitude and children with DCD had more
limitations on PERF-FIT than TD children.

Table 6
Correlation between Agility and Power items of PERF-FIT and Side hop items of BOT-2.

PERF-FIT BOT-2
2-legged Side Hop

BOT-2
1-legged Side Hop (preferred leg only)

Hopping Right ,572** ,551**
Hopping Left ,471** ,430**
Side Jump ,405** ,325**

** Correlation is significant at p< .01 (2-tailed).

Table 7
Correlation between 10 × 5 m Sprint test and Long Jump
item and Agility Ladder items of the PERF-FIT.

PERF-FIT 10 × 5 m Sprint

Running Score .400**
Stepping Score .349**
Long jump −.416**

** Correlation is significant at p< .01 (2-tailed).

Table 8
Means (SD), for the children with and without DCD, t- and p-values and Cohen’s D for the items of the PERF-FIT.

Groups N Mean SD t-value p-value Cohen’s D

Motor Skill Performance subscale
SIS Jumping a TD 34 19.21 1.20 2.534 0.014 0.67

DCD 34 17.85 2.87
SIS Hopping Right a TD 34 17.26 3.74 4.284 0.0001 1.06

DCD 34 12.15 5.87
SIS Hopping Left a TD 34 15.79 4.68 2.941 0.005 0.72

DCD 34 11.76 6.48
SIS Bouncing and Catching a TD 34 44.85 4.21 3.637 0.001 0.90

DCD 34 40.18 6.20
SIS Throwing and Catching a TD 34 45.21 6.02 4.042 0.0001 0.99

DCD 34 38.38 7.79
SIS Static Balance (s) TD 34 39.24 1.84 3.642 0.001 0.97

DCD 34 35.94 4.94
SIS Dynamic Balance a TD 34 40.41 4.97 4.935 0.0001 1.22

DCD 34 32.76 7.55

Agility and power subscale
Running Score (s) b TD 34 6.75 0.78 10.33 0.0001 −1.31

DCD 34 8.23 1.48
Stepping Score (s) TD 34 13.2 2.57 −5.48 0.0001 −1.33

DCD 34 16.4 2.24
Side Jump a TD 34 22.03 5.85 3.905 0.0001 0.95

DCD 34 17.00 4.7
Long jump (cm) TD 34 120.91 15.97 3.259 0.002 0.80

DCD 34 105.56 22.34
Overhead Throw (cm) TD 34 239.18 45.61 2.949 0.004 0.72

DCD 34 205.85 47.54

TD: Typically developing children; DCD: Children with DCD; SD: standard deviation.
SIS: Skill Item Series.

a Number; s: seconds; c: centimeter.
b F-value for main effect of group, no significant interaction of Group by Gender.
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4.1. Comparison between MABC-2 items and PERF-FIT

All PERF-FIT balance tasks were significantly correlated with the MABC-2 balance subscore. MABC-2 balance items of age band
two are 1) Standing on one leg on a wobbly balance board for a maximum period of 30 s, 2) walking heel to toe and 3) one-legged
hopping on 5 mats. Two items on the PERF-FIT were somewhat similar: Standing on one leg on stable surface, and Hopping in squares
over distances and height, which presented higher correlations to the MABC-2 balance items compared to the Heel-to-toe walking
item. As expected correlations were found to be moderate to low because the PERF-FIT items have a larger power aspect.
Interestingly, the item Cans (the most difficult items of the balance item series) is moderately but highest related to both the One-
board balance item and the Hopping on mats of the MABC-2. Considering the task, the Can item contains a static balance aspect
because it is done standing on one leg and a dynamic shift of weight from the upright position towards the bending down position to
pick up the can and put it back in another square of the agility ladder, which explains why the outcomes overlap with a static and a
dynamic item of the MABC-2 (See Supplementary material for video of a child trying the Can item).

The Throwing and Bouncing item series are moderately related to the MABC-2 Aiming and Catching cluster score, while the
Overhand throw of the heavy bag in kneeling position is not. This low correlation was expected, which supported our hypothesis that
the Overhand throw in kneeling position is a different task in which accuracy is less and power is more important.

4.2. Comparison PERF-FIT to other standardized tests

In the agility ladder tasks many requirements are combined. Agility has been operationalized in the PERF-FIT as an individual’s
ability to run as fast as possible in the squares and change direction quickly at the end to run back (Sheppard & Young, 2006). In the
Running task the child has to run fast with precise foot placement and explosive leg movements and one 180 degrees change in
direction at the end of the ladder. In the comparison task, the 10 × 5 m sprint, the child was required to run as fast as possible with
no guidance of precise stepping and execute nine 180 degrees changes in direction (after every 5 m). The main characteristics of the
10 × 5 m run are the “cut” movement while turning, the acceleration and deceleration over the short distance (Bonney et al., 2018).
The number of turning points and the precise stepping are the main differences between the PERF-FIT Running task and the 10 × 5 m
sprint test. The results show a moderate but higher relation between the 10 × 5 m sprint and the running score compared to the
moderate but lower relation between the 10 × 5 m sprint and the stepping score. This suggests that in the Stepping task coordinating
a less automatized rhythm (stepping with two feet in every square) is more important than explosive power. Compared to the 10 × 5
m sprint, the PERF-FIT agility ladder items also have cognitive demands of less automatized locomotor patterns, which could explain
the moderate correlation observed here.

The 10 × 5 m test is assumed to measure anaerobic capacity, while the Long jump measures lower extremity muscle power.
However, both tasks combine technique and power. The distance covered in the Long jump is depending on maximal accelerating
power and technique to move forward as far as possible, and fulfill a stable landing. Apparently, both constructs depend on similar
conditions, given the observed moderate correlation.

Moderate correlations were found with the BOT-2 agility items and comparable PERF-FIT items (Hopping and Side Jump). Only
for the Side jump item of the PERF-FIT and the One-legged side hop of the BOT-2 a low correlation (r.32) was found. During the
PERF-FIT Side jump the placement of the two feet has to be precisely within the squares, which is a different task constraint compared
to One-legged Side Hop of the BOT-2, in which the children have to hop sideways over a line. However, both tasks demand a
considerable amount of agility in which the children have to move sideways at a high speed, albeit on a different base of support.
Importantly, the PERF-FIT was developed for a wide range of motor performance levels, ranging from children with good to poor
motor skills. In order to gather motor skill and fitness related information, we decided to include challenging tasks with an increasing
level of difficulty that demand more coordination.

4.3. Differences between children with and without motor problems

Both fundamental movement skills and physical fitness in children are considered to be important features to perform daily
activities and sports with peers. As expected, children with DCD scored significantly lower than TD children on all the skill items
series. Importantly, the PERF-FIT was designed not only to test motor coordination but also motor skills that require musculoskeletal
fitness. Apparently, the chosen items are challenging enough to be sensitive for lower performance. Since both children with and
without DCD grew up in the same context of a low-resourced neighborhood, we can assume all children had experienced similar
levels of opportunities and activities for motor learning (Gordon-Larsen, Nelson, Page, & Popkin, 2006; Moore, Diez-Roux, Evenson,
McGinn, & Brines, 2008).

The differences found involved all components of the test (motor skills, agility and power), although the children were merely
selected based on reported motor problems. It is important to have a valid tool that can detect poor motor skills at an early age since
poor motor skills are related to a greater risk of interpersonal difficulties (Campbell, Missiuna, & Vaillancourt, 2012; Poulsen, Ziviani,
Johnson, & Cuskelly, 2008) and the consequences of poor motor skills during childhood can persist into adolescence and adulthood
(Lingam et al., 2012). The outcomes attest that the PERF-FIT can be a valid and affordable test to assess whether a child is at risk for
poor motor skill related fitness or not. The test offers information on both motor skills and on agility and power.

The outcomes of motor skills-related fitness can give an important insight in the functionality of children with DCD, which may
then lead to adequate treatment aims. The large effect sizes (mean 0.97, range 0.67–1.33), found in this study, indicating large
differences between children with DCD and TD children, emphasize the importance of testing for power and agility within a
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functional context in children with DCD. Poor physical fitness has a negative impact on the ability to perform these daily skills and
should therefore be part of the intervention planning (Blank et al., 2019).

4.4. PERF-FIT as a new tool and its use for children with DCD

When developing a new tool an important question is what it would add to the already available instruments. The MABC-2 and
BOT-2 are well-validated and reliable tests used in the majority of the DCD studies and in clinical practice (Smits-Engelsman,
Schoemaker, Delabastita, Hoskens, & Geuze, 2015). Although these tools are popular in high-income countries, their utilization in
low resource areas is relatively low due to their expensive nature (which is justified by expenses made for development and data
collection). Moreover, the lack of cross-cultural adaptations and the unavailability of norms for low resource populations make their
applicability questionable in low resource areas.

In addition, most existing tools do not focus on the assessment of skill-related physical fitness. For example, the jumping or
hopping items of the MABC-2 test measure predominantly accuracy, in line with the intended construct of the MABC-2 and not height
or distance (power). PERF-FIT was designed as an assessment battery that measures skill-related components of physical fitness (i.e.
agility, balance, coordination, speed and power). The completeness of the test battery with respect to both fundamental motor skills
and physical fitness as a combination is new and is lacking in other tools.

Integrating physical fitness and motor coordination in one test is specifically important in children with DCD. The international
guideline on assessment and treatment of children with DCD highlights the relevance of physical fitness and motor skills in the early
stage of life, and underscores the need for clinicians to pay greater attention to these variables when working with children with
motor problems (Blank et al., 2019). Establishing the requisite levels of muscular strength and power is essential in children with DCD
to prepare them for ongoing participation in developmentally appropriate physical activities in the playground and the sports field.

4.5. Limitations

A strong point of this study is the rigorous selection process for DCD that took place, checking all DSM 5 criteria (APA, 2013). The
lack of norms on the MABC-2 test for this specific population was a disadvantage. The sample was composed for children from public
schools in a city in the region of São Paulo – Brazil. Therefore, this study might be a parameter for Brazilian children, and one should
be very careful to generalize the results to populations from other countries, given the cultural and socioeconomic influence on the
development in motor skills. A shortcoming of our sample is the difference in the ratio of boys and girls in the TD and DCD group,
which could have influenced the results. However, differences were small and only significant for one item in the TD group. Lastly, a
cross-cultural study is needed to assess whether the sensitivity of the PERF-FIT will be as clear cut for DCD in other communities, both
in low-resourced but also in medium- or high resourced areas.

4.6. Future research

The validity and the reliability of standardized motor tests are very important for therapists and clinicians for the identification of
children with motor impairment and to assess the efficacy of different interventions approaches (Van Waelvelde, Peersman, Lenoir, &
Smits-Engelsman, 2007). Further studies with children of varying ages and across diverse populations are necessary to specify if
country-specific norms are needed in case of sensitivity to culture and to see if the PERF-FIT is reliable and sensitive enough to
evaluate clinical changes after intervention programs.

5. Conclusion

The recently introduced PERF-FIT seems to be a valid instrument to measure a variety of movement skills that require co-
ordination, muscular fitness and agility in children between 7 and 10-years old living in low-resourced areas. The test can distinguish
skill-related fitness between children with and without DCD. Given the results of studies so far, the PERF-FIT seems ready for multi-
site assessment of its validity, reliability and for gathering age norms for different low and middle-income countries using the
COnsensus-based Standards for the selection of health status Measurement INstruments (COSMIN) guidelines.
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