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ABSTRACT

Objective Gross motor assessment tools have a critical
role in identifying, diagnosing and evaluating motor
difficulties in childhood. The objective of this review was to
systematically evaluate the psychometric properties and
clinical utility of gross motor assessment tools for children
aged 2—12 years.

Method A systematic search of MEDLINE, Embase,
CINAHL and AMED was performed between May and
July 2017. Methodological quality was assessed with
the COnsensus-based Standards for the selection of
health status Measurement INstruments checklist

and an outcome measures rating form was used

to evaluate reliability, validity and clinical utility of
assessment tools.

Results Seven assessment tools from 37 studies/
manuals met the inclusion criteria: Bayley Scale of Infant
and Toddler Development-Ill (Bayley-Ill), Bruininks-
Oseretsky Test of Motor Proficiency-2 (BOT-2), Movement
Assessment Battery for Children-2 (MABC-2), McCarron
Assessment of Neuromuscular Development (MAND),
Neurological Sensory Motor Developmental Assessment
(NSMDA), Peabody Developmental Motor Scales-2
(PDMS-2) and Test of Gross Motor Development-2
(TGMD-2). Methodological quality varied from poor to
excellent. Validity and internal consistency varied from

fair to excellent (0t=0.5-0.99). The Bayley-Ill, NSMDA and
MABC-2 have evidence of predictive validity. Test-retest
reliability is excellent in the BOT-2 (intraclass correlation
coefficient (ICC)=0.80-0.99), PDMS-2 (ICC=0.97), MABC-2
(ICC=0.83-0.96) and TGMD-2 (ICC=0.81-0.92). TGMD-2
has the highest inter-rater (ICC=0.88-0.93) and intrarater
reliability (ICC=0.92—0.99).

Conclusions The majority of gross motor assessments for
children have good-excellent validity. Test—retest reliability
is highest in the BOT-2, MABC-2, PDMS-2 and TGMD-2.
The Bayley-Ill has the best predictive validity at 2 years of
age for later motor outcome. None of the assessment tools
demonstrate good evaluative validity. Further research

on evaluative gross motor assessment tools are urgently
needed.

INTRODUCTION

Motor function promotes cognitive and
perceptual development in children and
contributes to their ability to participate in
their home, school and community environ-
ments." Motor impairment can negatively

Strengths and limitations of this study

» This systematic review comprehensively assesses
methodological quality of included studies using
the COnsensus-based Standards for the selection of
health status Measurement INstruments checklist.

» Results of this systematic review can provide
guidance to clinicians when choosing gross motor
assessment tools based on test psychometric prop-
erties and clinical utility.

» Areas for future research are identified including
improving the evidence of inter-rater and intrarater
reliability and responsiveness to change as well as
the ascertainment of predictive validity over a longer
period of time.

» Only articles or test manuals written in English were
included.

» Only one reviewer screened titles and abstracts for
inclusion.

affect activity and participation levels of
children,? which may lead to lower levels
of physical activity, fitness and health into
adulthood.” While severe motor deficits
are usually diagnosed before 2 years of
age, mild motor deficits may not become
evident until children are in preschool and
primary school environments where they
are exposed to increasingly complex tasks
and compared with their peers.” Identifi-
cation of motor difficulties is an important
step towards support and intervention for
the child and their family.

Healthcare professionals and researchers
require standardised assessment tools to
identify, classify and diagnose motor prob-
lems in children.? Furthermore, assessment
tools are essential to monitor the effects of
interventions.” There is no gold standard of
motor assessment for children and the avail-
able tests vary in their ease of use and inter-
pretability in clinical and research settings,
and whether they are norm or criterion
referenced.” Criterion referenced tests are
designed to be scored as items or criteria
are demonstrated; meaning that the score

BM)

Griffiths A, et al. BMJ Open 2018;8:6021734. doi:10.1136/bmjopen-2018-021734 1


http://bmjopen.bmj.com/
http://dx.doi.org/10.1136/bmjopen-2018-021734
http://dx.doi.org/10.1136/bmjopen-2018-021734
http://dx.doi.org/10.1136/bmjopen-2018-021734
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2018-021734&domain=pdf&date_stamp=2018-010-26

is a reflection of a child’s competence on the test items.
Most available assessments however, are norm refer-
enced, meaning that a child’s results are reported in
relation to a specific population.”* The characteristics of
the normed population should be taken into consider-
ation when interpreting test results as environmental
and cultural differences have been found to affect
motor development.’

Healthcare professionals should be aware of the validity
and reliability of assessment tools to assist in their instru-
ment selection and interpretation of results. Validity
refers to ‘the degree to which (an instrument) is an
adequate reflection of the construct to be measured’.’
If an instrument does not have adequate construct or
content validity then it may not be assessing the skills that
it purports to. Reliability refers to ‘the degree to which the
measurement is free from measurement error’,7 which is
significant when interpreting results. If a child is assessed
as being significantly delayed in their gross motor skills,
the reliability of that tool indicates the likelihood that a
result is due to error.

A systematic review in 2010 by Slater et al’ evaluated
performance-based gross motor tests for children with
developmental coordination disorder; however, it did
not include the second and most recent version of the
Movement Assessment Battery for Children-2 (MABC-
2), which is widely used. Brown and Lalor’ suggested
that as a result of the changes to the original MABC in
age range, age bands, materials and tasks, the MABC-2
requires independent reliability and validity assessment.
Over the past 8years, there has also been a significant
increase in the number of papers assessing the psycho-
metric properties of motor assessment tools in chil-
dren. A systematic review of these and previous papers
is warranted, in order to add to our understanding of
the psychometrics of standardised gross motor assess-
ment tools.

The primary aim of this systematic review is to identify
and evaluate the clinical utility and psychometric proper-
ties of gross motor assessment tools appropriate for use
in preschool and school age children from 2 to 12 years
by assessing the methodological quality of the included
studies. The secondary aim of this review is to identify any
areas for further research.

METHOD

A comprehensive search strategy was completed in data-
bases OVID Medline (1996 to May 2017), CINAHL plus
(1937 to July 2017), Embase (1974-May 2017) and AMED
(1985—July 2017) (see online supplementary tables 1-4).
The search strategy used MeSH terms and text words for
(‘child’ or ‘paediatric’) and (‘motor skills’ or ‘motor activity’
or ‘gross motor’ or ‘psychomotor’ or ‘developmental coor-
dination disorder’) and (‘questionnaires’ or ‘outcome
assessment’ or ‘instrument’ or ‘task performance’) and
(‘reliability” or ‘validity’ or ‘psychometrics’). Reference
lists of included articles were also screened to identify any

additional papers. If full texts were unavailable or further
information was required regarding availability of manuals,
the authors were contacted.

Assessment tools were included if they were (1)
discriminative, predictive or evaluative of gross motor
skills, (2) assessed =two gross motor (eg, balance,
jumping, etc) items, (3) able to extract a meaningful
gross motor subscore, (4) applicable to children aged
2-12 years, (5) criterion or norm referenced test with
a standardised assessment procedure and (6) instruc-
tional manuals are published or commercially available.

Articles describing use of the assessment tool were
included if; 290% of the study population were within
2-12 years of age, it was available in English and if validity
and/or reliability of the assessment tool was reported.

Assessment tools were excluded if they met any of the
following criteria: (1) questionnaires or screening tools,
(2) only applicable to children with a specific diagnosis
(eg, cerebral palsy, Down’s syndrome), (3) test manuals
not available in English and (4) the version of the test has
been superseded.

Titles and abstracts were screened by the first author
with any studies that clearly did not meet inclusion
criteria excluded. The remaining papers were obtained
in full text and reviewed by two authors (AG, RT or PM)
with selection based on inclusion and exclusion criteria.
Papers and assessment tools were included after discussing
with both raters, with conflicting decisions discussed until
a consensus was reached.

Methodological assessment of the papers was completed
using the four-point scale of the COnsensus-based Stan-
dards for the selection of health status Measurement
INstruments (COSMIN) checklist.!” The COSMIN incor-
porates three quality domains: validity, reliability and
responsiveness consisting of seven measurement prop-
erties: content, construct and criterion validity, internal
consistency, reliability, measurement error and respon-
siveness’ (see online supplementary table 5). Cross-cul-
tural validity, structural validity and hypothesis testing are
all considered to be a component of construct validity.”
While predictive validity is considered to be a component
of content validity, it is reported separately in this paper
for interpretability of results.”

The overall score for each measurement property on
the COSMIN checklist is determined by a ‘worse score
counts’ approach.'’ Each property is rated as excellent,
good, fair or poor methodological quality based on
descriptive criteria. Data extraction and assessment of
methodological quality was performed independently
by two assessors (AG and RT). In the case of any uncer-
tainty, a third reviewer (AS) performed a COSMIN
assessment and disagreement was resolved through
discussion.

A data extraction form for each assessment tool was
adapted from the CanChild Outcome Measures Rating
Form to collate information on clinical utility, validity,
reliability and responsiveness.'" Items chosen to represent
the clinical utility of the assessment tools were the cost
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2482 papers identified 9 papers identified
through database search through hand searching

l

2025 paper after duplicates removed

Studies not meeting requirement based on
titles and abstracts excluded via single
reviewer (AG). 1936 papers excluded

v

89 full text papers assessed for
eligibility

57 papers excluded
18 assessment tool excluded

17 previous version of assessment tool

v

30 papers and 7 test manual
included

A 4

8 incorrect age group
2 review article
4 not available in English

8 other

Figure 1 Preferred Reporting ltems for Systematic Reviews and Meta-Analyses flow diagram detailing study selection.

of manuals, Kkits, training requirements, time to admin-
ister the assessment and the ease of scoring. All reported
values for reliability were collected; however, only those
papers reporting intraclass correlation coefficient (ICC)
were directly compared.

Patient and public involvement
As this was a systematic review of existing papers, there
was no patient or public involvement.

RESULTS
Figure 1 provides details of study selection. Seven assess-
ment tools were identified for inclusion: Bayley Scale

of Infant and Toddler Development III (Bayley-III),
Bruininks-Oseretsky Test of Motor Proficiency 2 (BOT-2),
MABC-2, McCarron Assessment of Neuromuscular Devel-
opment (MAND), Neurological Sensory Motor Develop-
mental Assessment (NSMDA), Peabody Developmental
Motor Scales 2 (PDMS-2) and Test of Gross Motor Devel-
opment 2 (TGMD-2). The corresponding manuals were
then added to the final yield resulting in 30 papers and
7 manuals. Twenty assessment tools were excluded (see
online supplementary table 6).

The majority of assessment tools identified in this review
are discriminative and most lend themselves towards
use in a research setting. All norm referenced tools are
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Table 1_Gross motor assessment fooloheracterisies

Gross motor
components Age
tested range

Assessment
tool Domains tested

Diagnostic criteria purpose

Normative
sample (year)

Primary Secondary Type of

purpose test

BOT-2" Gross motor, fine  Coordination, — 4- *
motor balance, 21years
running speed
and agility,
strength

Discriminative Research Norm 1520 children
Evaluative tool from the USA
(2005)

MAND?* Gross and fine Coordination,  3- NDI 70-85=mild Evaluative Research Norm 2000
motor jumping, static 25years 55-69=moderate tool 3-35years
and dynamic <55=severe from the USA
balance disability* (1970s)

PDMS-2%* Birthto  *

Syears

Gross motor, fine
motor

Stationary
(standing
balance, sit-
ups, push-ups),
locomotion
(walking,
running,
jumping,
hopping,

etc), object
manipulation
(kick, throw, hit,
catch)

2003 USA
and Canada
(1997-1998)

Discriminative Norm

Evaluative

Predictive,
research tool

*Advisable to use clinical reasoning.
tRequires some manual handling.*’
Bayley-lll, Bayley Scale of Infant and Toddler Development 3rd edition; BOT-2, Bruininks-Oseretsky Test of Motor Proficiency second
edition'?; MABC-2, Movement Assessment Battery for Children second edition®®; MAND, McCarron Assessment of Neuromuscular
Developmentsz; NA, not available; NDI, Neurodevelopmental Index; NSMDA, Neurological Sensory Motor Developmental Assessment®;
PDMS-2, Peabody Developmental Motor Scales second edition®*; TGMD-II, Test of Gross Motor Development second edition."®

from western countries and each identified test covers a
different age range as shown in table 1.

The TGMD-2 is the only tool that assesses gross motor
skills in isolation and that focusses on quality of perfor-
mance. The other gross motor assessments were either in

conjunction with assessment of fine motor and/or balance
(MAND, MABC-2, BOT-2 and PDMS-2) or as a component
of a developmental assessment (NSMDA, Bayley-III).
Despite the variability in test structures, there is some
consistency of items included within the gross motor skill
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subsets between tests. Most include a locomotion task such
as walking, running or stair climbing; an object control or
manipulation task such as throwing or catching a ball and
a static or dynamic balance task such as standing on one
leg or hopping. The PDMS-2, BOT-2 and the MAND also
include strength assessments (the PDMS-2 only in some
age groups).

The number of gross motor items for assessment
vary both within and between the tools (table 1). For
example, the number of items tested in the Bayley-III and
the PDMS-2 depends on the age and ability of the child.
Several assessments report criteria for describing gross
motor delay, although all test manuals warn against diag-
nosing delay based on a single assessment.

The PDMS-2 is notable for the inclusion of credit
towards incomplete skills in the scoring system. Most
other tests award a point or credit towards a skill only
if it is demonstrated to the full satisfaction of the
stated criteria (score of 0 or 1). The PDMS-2 however
is scored 0-2 allowing for 1 mark to be allocated as a
child progresses towards a skill without mastering it.
The TGMD-2 is also notable for its marking system, in
which points are awarded for the quality of the action
performed, instead of satisfactory completion of the
task only. These actions include preparatory movements
prior to running and jumping, or arm position during
movements. The NSMDA marking criteria is somewhat
more complicated with a system of scores 1-4 with a
symbol of ‘+' denoting hyperactive response and '-' a
hyporeactive response. The PDMS-2, MABC-2, BOT-2,
MAND, TGMD-2 and Bayley-III all require raw scores
to be converted to a standard (or scaled) score based
on tables supplied in the manuals. For the BOT-2, this
is a multiple step process which can then be converted
to both sex-specific or combined standard scores and
percentile ranks. A summary of assessment tool charac-
teristics can be found in table 1.

Clinical utility

The clinical utility of the assessment tools is summarised
in table 2, while scoring and administration is detailed in
online supplementary table 7. The shortest administra-
tion time is 15-20 min for the TGMD-2 and the MAND,
while most manuals report 20-60 min is required to
complete an assessment. These times are not inclusive
of equipment set up, pack up and scoring, which varies
depending on the amount of equipment and complexity
of the scoring process. All assessments require the user
to be familiar with the test before administration and
to possess a high level of understanding of child move-
ment and development. The MABC-2 and PDMS-2 are
the only assessments that come with supporting mate-
rial to guide intervention postassessment (when the
complete kit is purchased).

Methodological quality
All articles were assessed using the COSMIN checKklist
to determine methodological quality. Several studies

were marked down for failing to report missing data,
small sample sizes and for using inappropriate statistical
methods. A summary of the articles and corresponding
COSMIN methodology rating is provided in table 3.

Validity

The content and construct validity of the included assess-
ment tools are summarised in table 4. Most assessments
were developed by or with input from experts in the field,
with most also performing literature reviews. Bruininks
and Bruininks'? performed comprehensive surveys, pilot,
tryout and standardisation studies before finalising the
BOT-2, providing the most comprehensively reported
content validity.

Construct validity was confirmed with factor analysis
(either exploratory or confirmatory) in most assess-
ment tools. The TGMD-2 has the most evidence for
construct validity with several papers performing confir-
matory and exploratory factor analysis.'*"® The MABC-2,
BOT-2, Bayley-III, MAND and PDMS-2 had factor analysis
performed only in one paper. The MABC-2 was shown to
require changes to remain valid in the Chinese-speaking
and Dutch-speaking populations.'?*’ The BOT-2, MABC-2
and TGMD-2 all provide evidence of the ability to discrim-
inate between particular age or diagnosis groups, which
can be considered to support their content validity. The
NSMDA has minimal assessment of construct validity in
children over 2 years. The Bayley-I1I, NSMDA and MABC-2
are the only assessments that provide evidence of predic-
tive validity (table 5). Concurrent validity between the
MABC-2, PDMS-2 and BOT-2 is moderate to high, while
the TGMD-2 is only weakly correlated with the MABC-
2° (table 5). The PDMS-2, TMGD-2 and NSMDA report
correlations with other criteria such as paediatrician diag-
nosis, physical fitness or psychomotor/intelligence tests.

Reliability

Internal consistency of assessments are summarised in
table 6. The high internal consistency of the BOT-2 is well
supported, including for children with an intellectual
disability.”' ** The MABC-2 appears to have lower internal
consistency than the BOT-2, which may relate to the
limited number of test items (eight) on the MABC-2. The
highest values for internal consistency for the MABC-2
were obtained in specific populations (intellectual
disability and developmental coordination disorder) with
poor to fair methodology only. Conversely, the highest
quality articles reported the lowest values, although it
should be noted that these assessed age band 1 (3—6 years)
only. Internal consistency is reported to be high for the
PDMS-2, while the Bayley-III is shown to have excellent
internal consistency in children aged 24—42 months. The
TGMD-2 is reported by two good quality (and four poor
to fair quality) articles to have excellent internal consis-
tency, including for children with vision impairment and
intellectual disability. The MAND is the only assessment
tool included in this review without published data of
internal consistency or reliability in this age group.
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Table 2 Clinical utility of gross motor assessment tools

Time to
administer Target examiner
Assessment tool (min) Test procedure population Training Equipment/manual
Bayley-III*' 30-90 Therapist Paediatric health Formal training Comprehensive manual/kit:
administers in professionals early  not required. £1089
standardised order  childhood specialists DVD, webinars Test kit provides most
and workshops equipment
available
BOT-2" 40-60 Therapist Paediatric health Formal training Comprehensive manual/kit:
administered in professionals early  not required £961
standardised order  childhood specialists Test kit provides most
equipment
MABC-22° 20-40 Therapist Research Formal training Comprehensive manual/kit:
administers items in  psychologists, OT, not required. £1191
standardised order.  PT, paediatricians Test kit provides most
Some flexibility equipment
allowed
MAND® 15-20 Therapist Professionals, eg, Formal training Manual and test kit: £1366
administers items in  education, neurology, not required (includes equipment)
standardised order  OT, PT, psychology,
etc
NSMDA33 20-45 Observation PT, OT Formal training Comprehensive manual:
followed by therapist not required £35
administration of test (but is available) Equipment not included
items
PDMS-2% 45-60 (20-30  Standardised Paediatric health Formal training Comprehensive manual/kit:
for GM only) procedure professionals, not required £553
PE teachers, Includes some but not all
early intervention equipment required
specialists
TGMD-2" 15-20 Standardised Teachers, health Formal training  Kit includes manual and
procedure professionals (OT, not required record form: £128

PT, doctors)

Equipment not included

Bayley-lIl, Bayley Scale of Infant and Toddler Development third edition®'; BOT-2, Bruininks-Oseretsky Test of Motor Proficiency second
edition'?; GM, gross motor; MABC-2, Movement Assessment Battery for Children second edition?®; MAND, McCarron Assessment of

Neuromuscular Development®?;

NSMDA, Neurological Sensory Motor Developmental Assessmen

t33; OT, occupational therapy; PDMS-

2, Peabody Developmental Motor Scales second edition®*; PE, physical education; PT, physiotherapy; TGMD-II, Test of Gross Motor

Development second edition.®

The reliability findings are summarised in table 6 and
in figures 2 and 3. Test-retest reliability was excellent
in the Bayley-III (table 6), BOT-2 and PDMS-2; and was
good to excellent in the MABC-2 and TGMD-2 (figure 2).
Intrarater reliability was rarely investigated or reported
for most tools, with the TGMD-2 demonstrating better
results than the MABC-2 (figure 3). Only the TGMD-2
and MABC-2 report inter-rater reliability values using an
ICC (figure 3).”** Inter-rater reliability is also supported
in the BOT-2 with Pearson's correlation coefficient and
Kappa, respectively. The studies referred to in the test
manuals for the TGMD-2, Bayley-1II, BOT-2 and MABC-2
all report reliability findings using Pearson’s correlation,
which is less ideal than an ICC or weighted kappa for
statistical analysis.”” ** Only studies reporting ICCs are
visually represented in figure 2 (test-retest) and figure
3 (inter-rater and intra-rater). The TGMD-2 test-retest
reliability results from Houwen et al'® were believed to

contain an error as the reported ICC was outside of the
reported CIs (ICC 0.92, 95% CI 0.82 to 0.91). This data
set was therefore excluded from figure 2.

Responsiveness was reported for the Bayley-I1II, BOT-2,
MABC-2 and PDMS-2 with minimal detectable change
(MDC) or a SE of measurement (SEM).?! Sensitivity and
specificity for detecting change was shown to be satisfac-
tory in the MABC-2, PDMS-2 and MABC-2*' (table 6).
There have been no studies to date on the responsiveness
of the TGMD-2, NSMDA or MAND.

DISCUSSION

This review identified seven gross motor assessment tools
appropriate for use in clinical or research settings, each
with their own strengths and limitations. Interestingly, only
one of the seven assessments (TGMD-2) measured gross
motor skills in isolation. This is likely a reflection on current
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Table 4 Content and construct validity of assessment tools

Test Content Construct
Bayley-Ill Expert opinion for standard and low Factor analysis. Difference in mean scores with pervasive
verbal version.®' % Literature reviews. developmental disorder, and specific language impairment.®
Gross motor score correlated with Motor H, (gross motor subset)=0.52-0.97 for children with language
component 0.70.%' impairment and 0.82-0.99 in control group.®
BOT-2 Focus groups, product survey, pilot, Factor analysis, scores increase with age, discriminates between
national tryout and standardisation normal and children with DCD (n=50), high-functioning ASD (n=45)
studies, professional reviews.'? and mild-to-moderate ID (n=66)."?
MABC-2 Expert panel, stakeholder feedback, Factor analysis, correlation coefficients.®” Subtest correlations
literature review. 0.65-0.76, p<0.001. Discriminates between ASD and control
Expert panel—clarity (validity content group.? Structural equation modelling (for each age group).*°
index 71.8-93.9, ¥=0.76-0.88) and Expert panel—adequate face validity.*' Significant difference
pertinence (98.5-99.3 and k=0.83— between TD, DCD and at risk DCD scores (°=0.63), p<0.0001.*'
0.92),p<0.001.4 The UK norms not appropriate to use with Dutch/Flemish children
as underestimate/overestimate risk of motor impairment.? In
Chinese population: CFA initially rejected. Acceptable fit achieved
after 2 items removed."® Age band 2 shows good validity in
Japanese population.®
MAND Based on neuropsychological theory. Factor analysis.®**® Scores increase with age, and discriminate
Several rounds of revision/trials of tasks between typically developing children and those with head trauma
during development.®? or neurological dysfunction as well as gender.®2 4
NSMDA Literature review. Developed by an Factor analysis (up to 2years of age).*® " Stability of test results
experienced paediatric physiotherapist.*® over time (up to 2years).*¢*’
PDMS-2 Literature review. Created by experts in  ltem response modelling. Factor analysis. Differential item
the field. Revised with feedback from functioning analysis. Scores correlated with age (r=0.80-0.93).3*
therapists guided revision. Hierarchical
sequence of items.3
TGMD-2 Expert panel (3 PE teachers with Exploratory and CFA." '8 High and significant correlation of

postgraduate qualifications).'® Translated increasing age and increasing scores.*® Age and disability

version (Brazilian Portuguese) language
clarity 0.96, pertinence>0.89. Experts
CVI for clarity and pertinence were

also strong—0=0.93 clarity and

0=0.91 pertinence."

differentiation.’® '® Subtest correlation 0.41.'

Galloping, running and leaping not well correlated with locomotion
subscale. Object control significant and highly correlated.*
ANOVA—significant age effect for object control.'®

Moderate correlation between items and subset scores, and

between subset scores and total score.®

ANOVA, analysis of Variance; ASD, autism spectrum disorder; Bayley-lll, Bayley Scale of Infant and Toddler Development third edition; BOT-2,
Bruininks-Oseretsky Test of Motor Proficiency second edition'?; CFA, Confirmatory Factor Analysis; H, scalability coefficient; ID, intellectual
disability; MABC-2, Movement Assessment Battery for Children second edition®®; MAND, McCarron Assessment of Neuromuscular
Development®?; NDI, Neurodevelopmental Index; NSMDA, Neurological Sensory Motor Developmental Assessment®; TD, typically
developing; TGMD-II, Test of Gross Motor Development second edition'®; WISC-R, Wechsler Preschool and Primary Scale of Intelligence-R;

WPPSI, Wechsler Preschool and Primary Scale of Intelligence®".

practice to assess children’s development as a whole, rather
than assessing individual domains in isolation. A gross motor
assessment embedded within a developmental assessment,
such as that of the Bayley-III may be more appropriate than
an isolated gross motor assessment for children where there
is suspicion of multiple impairments.

A review by Slater et al’ reported that the TGMD-2 and
the MABC (first edition) were recommended for assessing
gross motor skills in children with developmental coor-
dination disorder, but found that the MABC needed
further evidence of validity. Cools et al’ also published
a detailed review of the clinical utility of gross motor
assessment tools for children, but did not address the
validity, reliability or responsiveness to change of these
measures. This review adds to the literature by including

updated information on the psychometric properties of
the measures and a thorough methodological assessment
using the COSMIN checklist, which allows the reader to
interpret these results with confidence. We have identi-
fied 10 additional publications to support the content,
construct and criterion validity of the MABC-2 and have
demonstrated an overall higher methodological quality
of the papers assessing the MABC-2 when compared with
the TGMD-2. Papers that received lower methodolog-
ical scores on the COSMIN can be attributed to inade-
quate reporting statistical methods, small sample sizes
and non-independent assessors. Further research in this
area should consider addressing these limitations in their
study design to reduce potential error and increase confi-
dence when interpreting results.
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Table 5 Criterion and predictive validity of assessment tools

Test Criterion Predictive
Bayley-Ill Given but mean age<22 months. Not relevant to Motor impairment at 4 years: Bayley-lll at 2 years<1
study population.®’ SD=sensitivity 0.32-0.037, specificity 0.97<2 SD
sensitivity 0.18-0.21 specificity 1.00.
CP at 4years: Bayley-lll at 2 years<1SD sensitivity
0.83 specificity 0.94. <2 SD sensitivity 0.67
specificity 1.0.*
BOT-2 MABC-2 p=0.92, PDMS-2 p=0.88 (n=38).2' PDMS- -
2 total motor composite r=0.77."
MABC-2 PDMS-2 p=0.631-0.84."92' TGMD-2 p=0.45.° Classification groups (DCD, at risk and
TGMD-2 standard scores (r=0.3, p<0.02).*' BOT-2 TD) remained same over time (6 months)
p=0.90-0.92.%' %*=0.67,p=0.72.*" Predictive of motor impairment
over 6-12months (n=41) ICC 0.88 p<0.007.*'
Scores at 4 years predictive of motor impairment at
8years in children born<30 weeks gestation (PPV
79, sensitivity 79%, specificity 93%).%°
MAND Gross motor subscore: low-to-moderate -
correlation with manual dexterity (-0.46 to
0.35), reaction time (-0.31 to —0.58), intelligence
measures (WISC-R, Metropolitan Achievement
Test) (0.30 to 0.39) and visual motor test (-0.33 to
0.39).%2
NSMDA NSMDA at 2 years (n=148) predictive of medical Motor outcome at 11-13 years: NSMDA at
diagnosis 12=0.08, p=NS.* 2years —sensitivity 48.8%, specificity 82.4%,
NSMDA at 4 years sensitivity 64.5%), and specificity
80%. PPV at 2years 83%, at 4years 87%.* If
classified ‘severe’ at 24 months, approximately
50% chance walking at 4 years (moderate=80%,
mild=93%, minimal=100%).*
PDMS-2 MABC-2 p=0.63-0.84;'°?" MABC-2 gross motor -
composite p=0.743."°
BOT-2 p=0.88.21 Mullen Scales of Early Learning
GMQ=0.86,FMQ=0.80.%
TGMD-2 MABC-2 total r=0.49, p<0.01.° 'Teacher report' -

r=0.34-0.45. Physical fitness r=—0.47-0.55.%°
(n=41) Basic motor generalisations subtest of
the CSSA r=0.63. Locomotor 0.63 object control

0.41."®

Bayley-lll, Bayley Scale of Infant and Toddler Development third edition; BOT-2, Bruininks-Oseretsky Test of Motor Proficiency second
edition'?; CP, cerebral palsy; CSSA, Comprehensive Scales of Student Abilities; ICC, intraclass correlation coefficient; MABC-2,
Movement Assessment Battery for Children second edition®®; MAND, McCarron Assessment of Neuromuscular Development32; NDI,
Neurodevelopmental Index; NS, not specified; NSMDA, Neurological Sensory Motor Developmental Assessment®®; PDMS-2, Peabody
Developmental Motor Scales second edition®*; TD, typically developing; 3'; TGMD-II, Test of Gross Motor Development second edition.'®

Content validity has been established for five of the
included assessment tools; however, further research
into the content validity for the MAND and NSMDA is
required. The NSMDA’s ability to predict a diagnosis of CP
and motor outcomes over time does support its content
validity; however, the methodology scored as poor to fair
on the COSMIN and as such content validity cannot be
fully established. The use of expert panels, focus groups
and/or stakeholder feedback for the BOT-2, MABC-2,
TGMD-2 and PDMS-2 demonstrate thorough consider-
ation of the relevance and comprehensiveness of the each
test’s assessment items during development.

The TGMD-2 is the only assessment tool considered to
have well-established construct validity, with several papers

reporting factor analysis. The NSMDA has undergone
factor analysis for children up to, but not beyond 2years
of age and as such further research is needed to support
its validity in older children. All other included assess-
ment tools have undergone factor analysis assessment of
their construct validity in one paper and are supported
by the ability to discriminate between medical diagnosis
or age, and as such are considered to have adequate
construct validity. The criterion validity indicates that the
TGMD-2 may be measuring a slightly different construct
to the other assessment tools included in this study as
it has poor agreement with the MABC-2, which in turn
has good agreement with the PDMS-2 and the BOT-2.
This difference may be related to the inclusion of the
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Figure 2 Test-retest reliability of gross motor assessment
tools. BOT-2, Bruininks-Oseretsky Test of Motor Proficiency
second edition'?; ICC, intraclass correlation coefficient;
MABC-2, Movement Assessment Battery for Children second
edition®®; PDMS-2, Peabody Developmental Motor Scales
second edition®*; TGMD-II, Test of Gross Motor Development
second edition."®

assessment of quality of movement in the TGMD-2, or the
inclusion of balance and/or fine motor tasks on the other
assessments. There is scope to investigate the criterion
validity of the MAND and the gross motor subsections of
the Bayley-III and the NSMDA with the other assessment
tools in this study in the future.

The BOT-2 was the only assessment tool to have its reli-
ability assessed with excellent methodology. In conjunc-
tion with its reported results, it can be considered to
have the strongest evidence for internal consistency
and test-retest reliability out of the included assessment
tools. The PDMS-2 and the MABC-2 can be considered to
have the next best established test-retest reliability with
good methodological quality. The reported test-retest

MABC-2 [23]

TGMD-2 [16]

TGMD-2 [24] -

TGMD-2 [48] A el
T

[] ICC

= — = =4 |nter-rater reliability =~ +——— Intra-rater reliability

Figure 3 Inter-rater and intrarater reliability of gross motor
assessment tools. ICC, intraclass correlation coefficient;
MABC-2, Movement Assessment Battery for Children second
edition?®®; TGMD-II, Test of Gross Motor Development second
edition.'®

8

reliability values for the TGMD-2 are impacted by the
poor to fair methodological quality, and further high-
quality research needs to be done to support its body
of evidence. Test—rest, inter-rater or intrarater reliability
has not been assessed in the MAND and NSMDA. In
the clinical context, gross motor assessments are often
repeated over time or between therapists and as such
these measures of reliability should be established. The
Bayley-III would also benefit from further research into
its reliability, with no published inter-rater or intrarater
reliability measures, and with only one, fair quality report
of good test—retest reliability.

Asyet, there is little evidence to support the use of these
assessments as outcome measures. The inclusion in some
of the articles of minimal detectable change (MDC) and
minimal clinically important difference (MCID) is valu-
able for clinicians.” The difference between MDC and
MCID is also of importance, as a change in score does not
necessarily relate to a meaningful change for the child
or their family. Only the Bayley-III, BOT-2, MABC-2 and
PDMS-2 have a reported MCID with satisfactory sensitivity
and specificity; however, due to the fair methodological
quality used to obtain these values they cannot be used
with a high level of confidence until further studies have
been performed. The TGMD-2 was created in part to be
used as an outcome measure; however, there are no arti-
cles to date investigating its responsiveness to change.'” It
should also be noted that all of the included assessment
tools measure impairment and activity limitations, but do
not specifically address the other elements of the Interna-
tional Classification of Functioning, Disability and Health
domains of participation, personal factors and environ-
ment.” Clinicians should use appropriate assessments or
questionnaires to ensure that these domains of health are
also addressed in line with the WHO guidelines.”

When considering a test’s reliability all three elements
of test error should be taken into account— these can
be described as time sampling (assessed with test-retest
reliability), content sampling (assessed as internal consis-
tency) and interscorer difference (or interrater reli-
ability)." This is one of the reasons that clinicians should
consider repeating assessments and/or completing a
second alternative assessment. All assessments should be
interpreted in conjunction with clinical reasoning and
observation. Included assessment tools are not intended
to be diagnostic on their own; results need to be combined
with other assessments and expert opinion to arrive at a
clinical diagnosis.

The clinical utility varied across all of the included
assessment tools, with the primary differences being in
cost and time to administer the assessments. Clinicians
and researches should select their assessment tool with
consideration of psychometric properties (inclusive of the
methodological rigour behind them), clinical utility and
for the population, situation and age group in question.

A potential limitation of this study was that one author
screened the titles and abstracts, which may have led
to a sampling bias. While care was taken to include all
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potentially relevant papers and assessment tools until the
second round of assessment with two authors, the poten-
tial for exclusion of papers relevant to this review remains.
The process of excluding both papers and assessment
tools in this single step may also be seen as a limitation,
as the total number of assessment tools (or different
versions of tools) was not reported. This process does,
however comply with the COSMIN and PRISMA guide-
lines. A second limitation was the restriction of included
papers and manuals to those published in English. Unfor-
tunately, this resulted in the exclusion of three assess-
ment tools that have been reported as commonly used in
Europe: The Motoriktest fiir Vier- bis Sechjérige Kinder
4-6, the Korperkoordinationtest fir Kinder and the
Maastrichtse Motoriek Test.”” The authors also note the
third edition of the TGMD is soon to be published and
will need to be subjected to a similar level of assessment
of psychometric properties in the future.

Clinicians and parents who need guidance to set real-
istic therapy goals and to understand future intervention
requirements benefit from understanding a test’s predic-
tive ability. The NSMDA and the MABC-2 are the only tools
that have demonstrated long-term (=4 years follow-up)
predictive validity, while the Bayley-III has good predic-
tive validity at 2 years for future movement difficulties and
for the diagnosis of cerebral palsy at 4 years. However,
further research into the long-term predictive validity of
all included gross motor assessment tools is warranted.

While validity and reliability should guide selection of
assessment tools, clinical utility must also be taken into
consideration. Most tests have ongoing costs associated
with forms and equipment replacement, which may be
prohibitive to some users. The NSMDA requires the ther-
apist to handle the child for several items, which should
be considered in relation to manual handling policies of
institutions. Assessment burden for children and families
should also be taken into consideration when selecting
an assessment tool. Younger children are more likely to
be distracted and may not understand test items as well,
which may also increase assessment times.*®

When a new edition of an assessment tool is released
resulting in a change in age groups, scoring or tasks, it is
insufficient to rely on the psychometric assessments that
were performed on the original test. The MABC-2 manual
provides justification for the inclusion of reliability and
validity assessment of the original MABC¥; however,
owing to the significant changes in age groups and tasks
between editions these were not included for the analysis
of the MABC-2 in this review. Two studies quoted in the
MABC-2 manual to support the validity and reliability are
both unpublished works and as such are also unable to be
included in this systematic review. This could indicate a
publication for the MABC-2.

The thorough methodological assessment of the
included articles using the COSMIN checklist should
be seen as a strength of this paper, as should the range
of assessment tools included in this review. While it has
previously been argued that the ‘worst score counts’

criteria in the COSMIN creates a floor effect,?’o the
COSMIN authors argue that only ‘fatal flaws’ contribute
to an overall score of poor.'’ There are few tools available
to assess the psychometric properties of assessment tools
and arguably none so robustly validated as the COSMIN.

There are many appropriate gross motor assessment
tools available for use in research and clinical settings
today. Most of the available tools demonstrate adequate
validity and reliability in children aged 2-12 years and as
such the authors do not believe that new assessment tools
need to be developed for use. There is scope however to
improve the evidence of inter-rater and intra-rater reli-
ability and predictive validity should be ascertained over
a longer period of time and with greater methodological
rigour. Tools also need clearer assessment of their respon-
siveness to change to assist clinicians and researchers
with outcome measure selection. Researchers should be
mindful of the methods they use to assess validity and
reliability. Clarity of reporting, statistical methods and
sample sizes should be carefully considered to ensure the
highest quality of evidence.

CONCLUSION

Currently available gross motor assessment tools for
children have good to excellent content and construct
validity. The BOT-2, MABC-2, PDMS-2 and TGMD-2 are
the most reliable assessments in this age group. The
Bayley-III has the best predictive validity at 2 years of
age, and the NSMDA and the MABC-2 both have good
predictive validity at 4 years of age. There is scope for
further research into the predictive validity, reliability
and responsiveness of gross motor assessment tools in
preschool and school-aged children. In practice, clini-
cians should choose assessments with consideration of
their psychometric properties in the context of the child
that they are assessing.
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