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Background. Play is vital for development. Infants and children learn through
play. Traditional standardized developmental tests measure whether a child performs
individual skills within controlled environments. Play-based assessments can measure
skill performance during natural, child-driven play.

Purpose. The purpose of this study was to systematically review reliability, valid-
ity, and responsiveness of all play-based assessments that quantify motor and cogni-
tive skills in children from birth to 36 months of age.

Data Sources. Studies were identified from a literature search using PubMed,
ERIC, CINAHL, and PsycINFO databases and the reference lists of included papers.

Study Selection. Included studies investigated reliability, validity, or responsive-
ness of play-based assessments that measured motor and cognitive skills for children
to 36 months of age.

Data Extraction. Two reviewers independently screened 40 studies for eligibil-
ity and inclusion. The reviewers independently extracted reliability, validity, and
responsiveness data. They examined measurement properties and methodological
quality of the included studies.

Data Synthesis. Four current play-based assessment tools were identified in 8
included studies. Each play-based assessment tool measured motor and cognitive
skills in a different way during play. Interrater reliability correlations ranged from .86
to .98 for motor development and from .23 to .90 for cognitive development.
Test-retest reliability correlations ranged from .88 to .95 for motor development and
from .45 to .91 for cognitive development. Structural validity correlations ranged
from .62 to .90 for motor development and from .42 to .93 for cognitive develop-
ment. One study assessed responsiveness to change in motor development.

Limitations. Most studies had small and poorly described samples. Lack of trans-
parency in data management and statistical analysis was common.

Conclusions. Play-based assessments have potential to be reliable and valid tools
to assess cognitive and motor skills, but higher-quality research is needed. Psycho-
metric properties should be considered for each play-based assessment before it is
used in clinical and research practice.
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Play provides infants and young
children with the ability to
practice skills and support all

domains of development: motor,
cognitive, social-emotional, commu-
nication, and adaptive.1–4 Play has
been variably defined in the litera-
ture given different disciplines and
reasons for assessing development
through play.5 In this systematic
review, play is defined as a pleasur-
able, active, self-motivated develop-
mental phenomenon1,6 by which
infants and young children learn
about the world through interactions
with objects and people.5,7

Play fosters both motor and cogni-
tive development.1,2,7 Play is com-
mon to all infants, and it is a primary
arena within which domain-specific
and global aspects of development
occur.1,8,9 Early play helps to pre-
pare infants and young children to
learn in school.10 Children learn
through the repetition of behaviors
during play within typical environ-
ments and routines.11

Play is the basis for many develop-
mental interventions used with chil-
dren with disabilities.12 Play, how-
ever, is often not a part of tradi-
tional standardized developmental
tests used by pediatric physical ther-
apists and other early intervention
providers to determine the need for
intervention or the efficacy of inter-
vention.13 Traditional standardized
developmental assessments typically
involve a child performing a specific
task within a controlled environ-
ment that is outside the context of
everyday routines.13 Some assess-
ments require the examiner to elicit
behaviors by altering the context or
moving the child.14,15 Behaviors
assessed in this way are not authen-
tic child-directed behaviors, and the
child may not perform optimally.16

Furthermore, traditional standard-
ized developmental assessments are
designed to determine whether a
child can perform a specific skill, not

whether the child performs the skills
in his or her normal routine.15

Play-based assessments are standard-
ized measures designed to quantify
changes in one or more of the 5
developmental domains during self-
motivated, child-driven play.14,17,18

Some literature suggests that play-
based assessments may be an effec-
tive and efficient means of assessing
a child’s developmental level,19 eval-
uating change over time, and evalu-
ating the efficacy of intervention.18,20

Play-based assessments are often
adjuncts to other assessment proce-
dures,21,22 although some authors
argue that they also can serve as a
basis for discriminative decisions and
planning.15,17,18,23 In this review,
play-based assessment is differenti-
ated from an assessment of play,
which interprets the type of play in
which a child is engaged relative to a
hierarchical developmental theory of
play.18 Assessments of play are not
discussed in this review.

Play-based assessments focus on
child-directed activities. During
play-based assessment, the child
directs the interaction and experi-
ence, increasing the likelihood of
observing behaviors that the child
typically performs.24 This assess-
ment results in a rich description of
a child’s domain-specific strengths
and weaknesses.14 Using the arena of
play provides the practitioner with
not only the ability to assess current
skills but also the added benefit of
previewing emerging skills in a
functional context.2,25 Play-based
assessments add authenticity and
contextual benefits to the assess-
ment of motor and cognitive devel-
opment because they measure objec-
tive behaviors during child-driven
activities within a normal environ-
ment. This approach allows exami-
nation of cross-domain relationships
by integrating findings.24

Play-based assessments can be con-
trasted with traditional standard-
ized assessments. First, play-based
assessment takes place within a nat-
uralistic environment and context,
whereas traditional standardized
developmental tests require spe-
cific responses to an examiner-
provided stimulus.14 Second, play-
based assessments typically quantify
if and how often a child performs
specific types of skills during a natu-
ralistic observation rather than just
assessing if the child can perform
the skill.14,21,26 Third, these assess-
ments are child-driven14 rather than
examiner-driven, giving the practi-
tioner insight into the child’s ability
to explore and learn.6 Fourth, play-
based assessments can document
limitations commonly seen in chil-
dren with developmental delays
such as decreased attention to toys,
using fewer toys and less variety of
active play skills, and being more
passive during play.6

Although the theoretical value of
play-based assessments is clear, the
reliability and validity of play-based
assessments need to be considered
before they are used in clinical prac-
tice or research. The first aim of
this systematic review is to deter-
mine the interrater and test-retest
reliability of play-based assessments
of motor and cognitive skills for
infants and children aged 0 to 36
months. The second aim is to iden-
tify the content and structural valid-
ity of play-based assessments of
motor and cognitive skills for infants
and children aged 0 to 36 months, as
well as the responsiveness of these
measures.

This article focuses on the assess-
ment of infants and toddlers, from
birth to 36 months of age, who,
based on their age, could be eligible
in the United States for early inter-
vention services under Part C of
the Individuals With Disabilities Edu-
cation Improvement Act (IDEIA).27
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Play-based assessments allow for
assessment in a variety of cultures
and countries and at a variety of ages.
As in many countries, the goal of
providing intervention in young chil-
dren in the United States is to sup-
port early development and improve
readiness to learn in children with
or at risk for developmental delays.
Intervention programs with similar
goals around the world may find
play-based assessments an option for
assessing the needs and progress of
children if these tools are reliable
and valid.

The results of this study provide
information on the reliability, valid-
ity, and responsiveness of play-based
assessments. This information may
help to determine if play-based
assessments can be used for research
and clinical purposes. In addition,
this information will help clinicians
to determine which play-based
assessments are best to supplement
traditional standardized develop-
mental tests that are currently used
to evaluate the need for and efficacy
of early developmental intervention
services.

Method
Search criteria were developed to
identify studies that met inclusion
and exclusion criteria specified prior
to the study. Studies were required
to evaluate one or more of the fol-
lowing measurement properties of a
play-based assessment of motor and
cognitive skills: interrater reliability,
test-retest reliability, structural valid-
ity, content validity, and responsive-
ness to change over time. Partici-
pants’ ages were fully or partially
0 to 36 months. Participants could
have a diagnosed disability or delay
or could be developing typically.
Studies that did not include play-
based assessment of motor and cog-
nitive skills, did not include child-
ren from birth to 36 months of
age, were not available in English, or
were a review of previous research

or theory without new data were
excluded.

Data Sources and Searches
A literature search was performed
using the PubMed interface from
MEDLINE (late 1940s–May 2013),
ERIC (1966–May 2013), CINAHL
(1937–May 2013), and PsycINFO
(1894–May 2013). Search terms
were developed with the help of a
research librarian using MeSH head-
ings, key words, and phrases. Terms
were purposefully broad to capture
all publications that met the inclu-
sion criteria for this systematic
review. The full search strategy is
described in the Appendix.

Study Selection
Consistent with the Preferred Re-
porting Items for Systematic Reviews
and Meta-Analyses (PRISMA) state-
ment,28 results from the literature
search were reviewed for duplicates
prior to screening for inclusion. The
title and abstract of all identified
publications were screened using
the inclusion and exclusion criteria.
Any publication that clearly did not
meet the exclusion criteria was
moved to the screening process.
During screening, 2 reviewers inde-
pendently reviewed the full-text
publication to determine eligibility
for the systematic review. Any ques-
tion of inclusion between the 2
reviewers during eligibility was
resolved through discussion. The
bibliographies of included papers
also were reviewed by both authors
to determine if additional studies
warranted inclusion.

Data Extraction and
Quality Assessment
The interrater and test-retest reliabil-
ity, content and structural validity,
and responsiveness data for each
included study were extracted inde-
pendently by each reviewer using
data collection forms developed for
this systematic review. Any discrep-
ancy in the extracted reliability or

validity data was discussed between
reviewers, and a consensus was
reached. No statistical analysis or
meta-analysis was conducted given
the limited number of included stud-
ies. A priori, a correlation ranging
from .00 to .50 was considered
weak, .50 to .75 was considered
moderate, and .75 to 1.00 was con-
sidered to be strong.29 The strength
of the correlation presented as a
measure of reliability or validity was
used to categorize the degree of
reliability and validity documented
for each play-based assessment and
for the group of play-based assess-
ments. Therefore, the terms “weak,”
“moderate,” and “strong” are used to
describe the results for reliability and
validity of each included paper.

The COnsensus-based Standards for
the selection of health status Mea-
surement INstruments (COSMIN)
was used as a measure of method-
ological quality of the measurement
properties.30,31 The 5 measurement
properties assessed for this study
were defined by the COSMIN.32

Interrater reliability is a measure of
whether different raters can score
the same testing occasion and obtain
the same score.32 Test-retest reli-
ability is the extent to which the
scores for patients who have not
changed are the same for repeated
measurements over time.32 Struc-
tural validity is the degree to which
scores of a health-related instrument
adequately reflect the same con-
struct as a validated assessment.32

Content validity is a judgment about
whether the content of a test ade-
quately reflects the construct to be
measured.32 Responsiveness is the
ability of the measurement tool to
measure change over time in the
focal construct.32

The COSMIN can be used to mea-
sure methodological quality with a
3-step process. First, the measure-
ment properties assessed in the
paper are identified. Second, review-
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ers score each measurement prop-
erty. Each measurement property on
the COSMIN has a rating box con-
taining 5 to 18 individual items spe-
cific to that measurement property.
Each item within the rating box is
scored based on specific scoring cri-
teria: from 1 to 4 possible answers
representing excellent, good, fair,
and poor quality for that item. An
item is scored as excellent when
there is adequate evidence provided
for that item. When information is
not provided but it is reasonable to
assume information regarding that
item, the item is rated as good. Fair
indicates that methodological quality
for the item is doubtful, whereas
poor is scored when there is evi-
dence that the methodological qual-
ity pertaining to a specific item is
inadequate. For example, clear evi-
dence of patient stability between
test and retest in a study receives
a score of excellent on that item in
the rating box for the measurement
property test-retest reliability. If it
was unclear if patients were stable
during the time between test and
retest, however, that item is marked
as fair. The third step to score each
rating box of the COSMIN involves
determining the overall rating of
methodological quality of each mea-
surement property. This overall rat-
ing is determined by the lowest
score for all items in the rating box
for that measurement property.33

For example, if all responses in the
test-retest rating box are excellent
except for one judged to be fair, the
quality of the test-retest reliability
measurement of that paper is consid-
ered to be fair.

Each author of this systematic
review independently rated the
methodological quality of each
included study using the COSMIN.
Any discrepancies in scoring
between the raters that resulted in
different measurement properties
being scored, a change in the overall
rating of methodological quality of

any measurement property, or a
discrepancy of 2 or more ordinal
levels for any single item within a
measurement property rating box
were discussed, and a consensus
was reached. The overall method-
ological quality for each measure-
ment property included in a paper
was recorded and is reported in this
systematic review.

Results
The titles and abstracts of 2,133 stud-
ies were screened for possible inclu-
sion. Forty studies could not be
excluded during screening and were
reviewed in full text for eligibility.
Eight of these studies matched the
inclusion criteria and were included
in the systematic review, whereas 32
studies were excluded (Figure).

Studies including 4 separate play-
based assessments currently avail-
able for commercial use were
included in this systematic review:
Play in Early Childhood Evaluation
System (PIECES); Transdisciplinary
Play-Based Assessment, 2nd edition
(TPBA-2); Assessment, Evaluation,
and Programming System, 2nd edi-
tion (AEPS); and the Individual
Growth and Development Indicators
(IGDI). Related assessments or pre-
cursors to these play-based assess-
ments also were identified in the
literature. The Play-Based Assess-
ment (PBA)16 was the initial form
of the PIECES.23 The PBA also was
the cognitive portion of the Trans-
disciplinary Play-Based Assessment
(TPBA),14 which was never tested
for reliability or validity with a young
population. The TPBA is the previ-
ous version of the TPBA-2.19 Psycho-
metric properties of the Evaluation
and Programming System for Infants
and Young Children (EPS-I)34 were
presented by Bailey and Bricker35

and Bricker et al.36 The EPS-I is the
predecessor of the AEPS.37 Part of
the AEPS was used for the experi-
mental Assessment, Evaluation, and
Programming System for Eligibility

(AEPS:E) as reviewed herein.20

Two other play-based assessments, a
general outcome measure of growth
in movement for infants and tod-
dlers21 and the Early Problem Solving
Indicator (EPSI),26 met the inclusion
criteria. These last 2 assessments
are predecessors to the movement
and cognitive sections of the IGDI38:
the Early Movement Indicator (EMI-
IGDI) and the Early Problem Solving
Indicator (EPSI-IGDI), respectively
(Tab. 1).

Interrater Reliability
Interrater reliability was measured
in 5 studies.20,21,26,35,36 The Pearson
correlation coefficient for inter-
rater reliability of motor assess-
ments ranged from .86 to .98
(Tab. 2).20,21,35,36 Interrater reliability
of cognitive assessments ranged
from .23 to .90 (Tab. 3).20,26,35,36

One study of cognition had interrater
reliability coefficients for individual
skills but not for the aggregate of
cognitive behaviors displayed.26

The methodological quality in each
of these studies was rated fair except
for the study by Bailey and Bricker,35

which was poor (Tab. 4). Main rea-
sons for fair ratings included use
of a Pearson correlation coefficient
rather than an intraclass correlation
coefficient (ICC)20,21,26,36 and miss-
ing items from the sample.26,36 The
study by Bailey and Bricker35 was
rated poor based on the small sample
size and major flaws in the study
design, including that items not
observed by one or both observers
were omitted from analysis. It is pos-
sible that one observer missed sev-
eral test items that actually occurred.
This omission would have reduced
the variability of the sample and
artificially inflated the correlation
coefficient.

Test-Retest Reliability
Test-retest reliability was assessed in
5 studies.21,23,26,35,36 Test-retest reli-
ability of motor assessments had a
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range of Pearson correlation coeffi-
cients of .88 to .95 (Tab. 2),21,35,36

and cognitive test-retest reliability
had a range of Pearson correlation
coefficients of .45 to .91
(Tab. 3).23,26,35,36

Three of the studies23,26,36 had
fair methodological quality ratings,
whereas 2 studies21,35 were rated
poor (Tab. 4). Areas in which these
studies received low ratings included
using a Pearson correlation coeffi-
cient rather than an ICC21,26,36 and
small sample size23 and important

flaws in the study design, including
different observers for the first and
second test observations, different
situations between observations, and
items not scored by either observer
being omitted from the test.35

Structural Validity
Structural validity was assessed in 7
studies by comparing the scores on a
play-based assessment with scores
on traditional standardized devel-
opmental tests.16,19–21,26,35,36 Three
of the studies had both motor and
cognitive components (Tabs. 2 and

3).19,20,36 Two studies assessed solely
motor skills during play (Tab. 2),21,35

and 2 studies were solely cognitive
assessments (Tab. 3).16,26 The Pear-
son correlations between the play-
based assessments of motor skills
and validated traditional standard-
ized developmental tests of motor
skills ranged from .62 to .90. Cor-
relations between the play-based
assessments of cognitive skills and
validated traditional standardized
developmental tests ranged from .42
to .93. Several different validated tra-
ditional standardized developmental
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Table 1.
Description of Play-Based Assessments Included in This Systematic Reviewa

Play-Based
Assessments Motor/Cognitive No. of Items Item Types

Places and Items
for Assessment

Purpose of the
Assessment

PBA16 prototype Cognitive Not available Cognitive domain of
TPBA (similar in
structure to TPBA-2)

Neonatal intensive
care unit follow-up
clinic at a large
hospital

Assessing cognition to
determine eligibility
for early intervention
services

PIECES23,47 Cognitive 13 core play behaviors,
86 total items; coded
via observation

Cognitive items grouped
into subdomains along
a developmental
continuum consisting
of exploratory and
pretend play behaviors

Can be conducted
any place in which
the child feels
comfortable;
behaviors during
spontaneous
unstructured play
without adult
guidance for a
minimum of 30
min; toys arranged
in the testing room
according to
general themes
such as kitchen,
blocks, etc

Determine highest
level of play behavior
so that educators
can develop
interventions to
facilitate higher
levels of play

TPBA-219,48 Motor and cognitive 118 items across all
domains and
subcategories

4 developmental
domains: cognitive,
motor, communication,
and social-emotional;
play skills listed in a
developmental
sequence to attain age
equivalence scores for
age-equivalent
comparisons with
norm-referenced
measures

Informal play setting
with manipulatives,
representational
toys, art materials,
construction and
play objects, and
gross motor
equipment

Parent and
professionals from 3
or more different
backgrounds—
usually speech-
language
pathologist,
occupational
therapist, physical
therapist, teacher,
and psychologist

Assess developmental
skills and process, as
well as interaction
patterns and
learning styles

EPS-I35,36 prototype Motor and cognitive 164 items, criterion-
referenced and
curriculum-based

6 domains (including
cognitive and 2 motor
domains: gross and fine
motor); each item
scored as pass,
inconsistent, or fail;
functional skills

Classroom
observation during
routine activities,
including play,
activity groups, and
snack

Develop systematic
methods to plan and
evaluate early
intervention
practices in order to
monitor and
demonstrate the
efficacy of
intervention

AEPS:E,20,49

experimental,
part of currently
available AEPS

Motor and cognitive AEPS contains 249 items
across 6 developmental
areas

Curriculum-based; 5
activities using AEPS
items with scripted
procedures and
standard materials
(with some flexibility to
accommodate
individual child
routines); each item
scored as does not
pass, inconsistent
performance, or passes
consistently

Home, community-
based setting with
familiar activities
and materials and
people; parent
and caregiver
involvement

Authentic assessment
of observed
behaviors/skills that
links assessment
outcomes to goal
development and
planning; AEPS is
appropriate for a
broad range of
needs and diagnoses
in children aged
1 mo to 3 y

(Continued)
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tests of motor and cognition were
used as comparisons (Tabs. 2 and 3).

Methodological quality for structural
validity was fair to poor (Tab. 4).
Four studies earned fair ratings. All of
these studies had missing items, and
the methods used for handling miss-
ing items were unclear.16,21,26,36 Two
of these studies also had method-
ological flaws.16,36 In one of these
studies,16 the age equivalents on the
play-based assessment were con-
verted to standard scores for com-
parison with the standard scores
on the Bayley Scales of Infant Devel-
opment, second edition (BSID-2).39

This comparison has not been vali-
dated as statistically sound. The
other study36 was validated with 2
traditional standardized develop-
mental tests: the Revised Gesell and
Amatruda Developmental and Neu-
rologic Examination (Gesell scale)
and the Bayley Scales of Infant Devel-
opment (BSID).40,41 The disability
levels and ages of each of the sam-
ples were unclear. The sample com-
pared with the BSID also was small.

The other 3 studies that assessed
structural validity were marked as
poor due to a small sample
size.19,20,35

Content Validity
Content validity of motor skills was
assessed using the EMI-IGDI.21 It was
found that there was a significant
increase in the frequency of move-
ments among the 3 age cohorts
(3–12 months, 13–24 months, and
25–36 months) during the 45-week
study. Methodological quality was
good in this study based on a mod-
erate sample size (Tab. 4).21

Responsiveness
One study21 measured responsive-
ness of a play-based assessment indi-
rectly. This study assessed only
motor skills in a sample of mostly
children with typical development
(3–36 months of age) on a play-based
assessment (ie, the EMI-IGDI) and
the Peabody Developmental Motor
Scale–2 (PDMS-2). The PDMS-2 loco-
motor and stationary subtests were
responsive to change, with a statisti-

cally significant increase in raw score
between 2 time points that were 45
weeks apart. A similar comparison
was not made for the data from the
EMI-IGDI. The movement rate on the
EMI-IGDI, however, was correlated
with the PDMS-2 locomotion scale at
each of the 2 time points. The Pear-
son correlation coefficient was .77 at
time 1 and .90 at a time point 45
weeks later. Methodological quality
was poor due to the small sample
size (Tab. 4).

Discussion
The results of this systematic review
indicate that Pearson r values for
interrater and test-retest reliability of
play-based assessments ranged from
.23 to .98 and that Pearson r values
for structural validity of play-based
assessments ranged from .42 to .93.
As a group, both reliability and valid-
ity of play-based assessments are
inconsistent. The methodological
quality of measurement properties
among the studies contained in this
systematic review is generally poor
to fair,33 with only one study having

Table 1.
Continued

Play-Based
Assessments Motor/Cognitive No. of Items Item Types

Places and Items
for Assessment

Purpose of the
Assessment

EMI-IGDI21,38 Motor 5 key skill elements:
position transition,
grounded locomotion,
vertical locomotion,
throw/roll, and catch/
trap

Key skill elements
represent postural
control, locomotion,
and object control;
each skill is coded for
frequency; prespecified
toys presented for
exactly 6 min

Typical environment;
administered by
any early
intervention
professional trained
with IGDIs

Monitoring individual
growth and making
intervention
decisions

EPSI-IGDI26,38 Cognitive 4 key skill elements: look,
explore, function, and
solution

Key skill elements
represent visual, object
exploration, and
problem solving; each
skill is coded for
frequency; 3
prespecified toys
presented, each for
exactly 2 min

Typical environment;
administered by
any early
intervention
professional trained
with IGDIs

Monitoring individual
growth and making
intervention
decisions

a Some of the tests have 2 references, as 2 papers were published documenting the measurement properties of interest. PBA�Play-Based Assessment;
PIECES�Play in Early Childhood Evaluation System; TPBA�Transdisciplinary Play-Based Assessment; TPBA-2�Transdisciplinary Play-Based Assessment, 2nd
edition; EPS-I�Evaluation and Programming System for Infants and Young Children; AEPS�Assessment, Evaluation, and Proramming System, 2nd edition;
AEPS:E�Assessment, Evaluation, and Programming System for Eligibility; EMI-IGDI�Early Movement Indicator–Individual Growth and Development
Indicators, a general outcome measure of movement; EPSI-IGDI: Early Problem Solving Indicator–Individual Growth and Development Indicators. The EMI-
IGDI and EPSI-IGDI are each independent parts of the larger assessment tool, the Individual Growth and Development Indicators (IGDI).
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a good quality rating. With only 1 or
2 studies of reliability or validity on
each play-based assessment tool and
the poor to fair methodological qual-
ity of the studies, it was difficult to
draw conclusions about any individ-
ual assessment or the group of play-
based assessments as a whole. There-
fore, reliability and validity for each
play-based assessment need to be
considered carefully before research
or clinical application.

Interrater reliability of play-based
assessments for both motor and cog-
nitive skills was generally strong.
One of 8 studies had a weak inter-
rater reliability correlation, but
the majority of the studies had inter-
rater reliability correlations of r�
.86. These interrater reliability find-
ings indicate that the definitions of

terms and scoring used in the assess-
ments are clear to raters. Of the tests
reviewed for both motor and cogni-
tive skills, interrater reliability find-
ings are highest for the AEPS:E20

and its predecessor, the EPS-I.35,36

The assessment with the best inter-
rater reliability for motor skills is the
EMI-IGDI.21 Traditional standardized
developmental tests of motor and
cognitive development, such as the
PDMS-242 and the BSID-2,39 have sim-
ilar strong interrater reliability.43

Test-retest reliability scores varied by
construct measured. Test-retest reli-
ability was strong for all 3 studies of
motor development.21,35,36 Two of
the studies used the same test (EPS-I)
with different age groups.35,36 The
EPS-I measured motor tasks using
a criterion-referenced, curriculum-

based assessment with a modified
developmental checklist. The fact
that environments, objects, and
checklist questions were controlled
may have improved reliability. The
other play-based assessment of
motor skills, the EMI-IGDI, mea-
sured skills in a longitudinal fash-
ion with 3 to 8 measurements per
child, separated by at least 3
weeks.21 The researchers used a
split-half reliability method in which
they averaged the odd trials and the
even trials before comparing the
average of the odd and even trials.
Although this is an acceptable way of
measuring test-retest reliability, it
reduced variability, which otherwise
may have resulted in lower test-
retest reliability. The age of the chil-
dren did not affect the reliability
of either the EPS-I or the EMI-IGDI.

Table 2.
Play-Based Assessments and Studies With Motor Psychometric Propertiesa

Play-Based
Assessments Study

Sample Characteristics: Sample
Size, Typical/Atypical

Development, Age (mo)
at Beginning of Study:

X (SD) [Range]
Interrater
Reliability

Test-Retest
Reliability Structural Validity

TPBA-2 Linas19 N�19
12 typical, 7 atypical development
Age: 23.05 (10.36) [0–36]

NA NA BSID-3 motor, r�.825

EPS-I Bailey and Bricker35 N�32
10 typical, 22 atypical development
Age: typical: 29.7 (7.5) [20–39];

atypical: 30.7 (4.4) [24–40]

r�.95 (total group)
r�.95 (atypical

development)

r�.93 (total group)
r�.94 (atypical

development)

Gesell scale gross motor test
(developmental quotient):

r�.79 (total group)
r�.89 (atypical development)

Bricker et al36 N�335
90 typical, 245 atypical development
Age: 2–72 (majority less than 48)

r�.96 r�.95 BSID motor age, r�.88

AEPS:E Macy et al20 N�68
35 typical, 33 atypical development

(receiving early intervention
services)

Age: 18–36

Gross motor, r�.86 NA Gesell scale gross motor test,
r�.62

BDI, r�.65

EMI-IGDI Greenwood et al21 N�29
24 typical, 5 atypical development
Age: 15.3 (9.6) [1–34]

r�.98 r�.88 PDMS-2 locomotor, r�.90,
.86

Stationary, r�.80, .77
CAMS-GM, r�.85, .87

Range N�19–335 typical and atypical
development

r�.86–.98 r�.88–.95 r�.62 (Gesell scale)–
.90 (PDMS-2)

a TPBA-2�Transdisciplinary Play-Based Assessment, 2nd edition; EPS-I�Evaluation and Programming System for Infants and Young Children;
AEPS:E�Assessment, Evaluation, and Programming System for Eligibility; EMI-IGDI�Early Movement Indicator–Individual Growth and Development
Indicators, a general outcome measure of movement; Gesell scale�Revised Gesell and Amatruda Developmental and Neurologic Examination; BSID�Bayley
Scales of Infant Development; BSID-3�Bayley Scales of Infant and Toddler Development, 3rd edition; BDI�Battelle Developmental Inventory; PDMS-
2�Peabody Developmental Motor Scales-2; CAMS-GM�Caregiver Assessment of Movement Skills–Gross Motor; NA�not applicable. r�Pearson product
moment correlation coefficient.

Play-Based Assessments of Motor and Cognitive Skills for Infants and Young Children

32 f Physical Therapy Volume 95 Number 1 January 2015



The Bayley Scales of Infant and
Toddler Development, 3rd edition
(BSID-3) and the PDMS-2 have similar
strong test-retest reliability for motor
skills.44,45

Test-retest reliability was lower for
cognition than for motor skills. This
finding was evident with 2 tests, the
PIECES and the EPS-I for children
with and without disabilities.23,35,36

The reliability of the PIECES was
assessed using a strict test-retest

method (1–3 weeks between assess-
ments) of the children’s most
advanced cognitive skill level used
during play.23 Test-retest reliability
correlations of the PIECES were sim-
ilar to those of the initial study with
the EPS-I.35 The test-retest reliability
of the EPS-I, however, varied sub-
stantially between the 2 studies that
evaluated this measure.35,36 Two dif-
ferent methods were used to assess
test-retest reliability, which might
account for this discrepancy. Bailey

and Bricker35 used different observ-
ers and different situations during
test-retest measurements, which
expanded the opportunity for error.
In the study during which test-retest
reliability was stronger, several items
were not tested due to issues of pri-
vacy during videotaping (self-care,
dressing), and several items from
the gross motor scale were omitted
due to constraints of videotaping.36

This approach creates a smaller
pool of scored behaviors, which

Table 3.
Play-Based Assessments and Studies With Cognitive Psychometric Propertiesa

Play-Based
Assessments Study

Sample Characteristics: Sample
Size, Typical/Atypical

Development, Age (mo)
at Beginning of Study:

X (SD) [Range]
Interrater
Reliability

Test-Retest
Reliability

Structural
Validity

PBA Kelly-Vance et al16 N�38
31 typical, 7 atypical development
Age: 24 mo 15 d [23 mo 10 d–

27 mo 26 d]

NA NA BSID-2 MDI:
r�.746

PIECES Kelly-Vance and Ryalls23 N�32
25 typical, 7 atypical development
Age: typical: 32.44 [19–46]; atypical:

37.57 [22–52]

NA Typically developing,
r�.48

Atypically developing,
r�.58

NA

TPBA-2 Linas19 N�19
12 typical, 7 atypical development
Age: 23.05 (10.36) [0–36]

NA NA BSID-3 cognitive,
r�.91

EPS-I Bailey and Bricker35 N�32
10 typical, 22 atypical development
Age: typical: 29.7 (7.5) [20–39];

atypical: 30.7 (4.4) [24–40]

r�.23 (total group)
r�.32 (atypical

development)

r�.46 (total group)
r�.45 (atypical

development)

NA

Bricker et al36 N�335
90 typical, 245 atypical development
Age: 2–72 (majority less than 48)

r�.90 r�.91 BSID mental age,
r�.93

AEPS:E Macy et al20 N�68
35 typical, 33 atypical development

(receiving early intervention
services)

Age: 18–36

r�.88 NA BDI, r�.65

EPSI-IGDI Greenwood et al26 N�28
23 typical, 5 atypical development
Age: 31.4 (8.0) [14.6–46.4]

r�.70–.99 (4
individual skills)

r�.88 BSID-2 MDI,
r�.42

Range N�19–68
typical and atypical development

r�.23–.90 overall
interrater
reliability cannot
be determined
for Greenwood
et al26)

r�.45–.91 r�.42 (BSID-2
MDI)–.93 (BSID
mental age)

a PBA�Play-Based Assessment; PIECES�Play in Early Childhood Evaluation System; TPBA-2�Transdisciplinary Play-Based Assessment, 2nd edition;
EPS-I�Evaluation and Programming System for Infants and Young Children; AEPS:E�Assessment, Evaluation, and Programming System for Eligibility;
EMI-IGDI�Early Movement Indicator–Individual Growth and Development Indicators, a general outcome measure of movement; EPSI-IGDI: Early Problem
Solving Indicator–Individual Growth and Development Indicators. The EMI-IGDI and EPSI-IGDI are each independent parts of the larger assessment tool, the
Individual Growth and Development Indicators (IGDI); NA�not applicable; BSID�Bayley Scales of Infant Development; BSID-2�Bayley Scales of Infant
Development, 2nd edition; BSID-3�Bayley Scales of Infant and Toddler Development, 3rd edition; MDI�Mental Development Index; BDI�Battelle
Developmental Inventory. r�Pearson product moment correlation coefficient.
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may not represent the reliability of
the test as a whole. In light of these
contrasting findings, we suggest
that the complete EPS-I test-retest
reliability cannot be identified. The
EPSI-IGDI26 had strong test-retest
reliability using the split-half reliabil-
ity method. Given the moderate or
unclear results of the other play-
based assessments of cognition, the
EPSI-IGDI has the best test-retest reli-
ability, although it must be noted
that single-session test-retest studies
of the EPSI-IGDI (no split-half reliabil-
ity) may show lower reliability due
to changes in play behaviors that
commonly occur from one session to
the next.

Structural validity of play-based
assessments that measure motor
skills ranged from moderate to
strong compared with traditional
standardized developmental tests.
The lowest structural validity was
found for the AEPS:E20 compared
with the Gesell scale’s gross motor
portion.40 All other play-based
assessments had strong structural
validity (correlations greater than
.76). The EPS-I, an earlier version of
the AEPS:E, had a strong correlation
with the Gesell scale’s gross motor
test.35 The EPS-I items are arranged

in a hierarchical developmental pro-
gression, similar to the neuromatura-
tional construct that the Gesell scale
tests. The AEPS:E20 uses different
standardization procedures, activi-
ties, and materials appropriate for
toddlers, which are not as strongly
aligned with the hierarchical model
of development. Although the lack
of hierarchical examination in the
AEPS:E is more consistent with cur-
rent theoretical approaches, it
reduces the relationship between
the AEPS:E and the Gesell scale.
Comparison with a different tradi-
tional standardized developmental
test might have increased the struc-
tural validity. The TPBA-2 motor sec-
tion had a strong correlation com-
pared with the BSID-3,19 and the
EMI-IGDI likewise had a strong cor-
relation compared with the PDMS-
2.21 The BSID-3 and PDMS-2 assess
developmental constructs similar to
play-based measures, whereas the
Gesell does not. There is no pub-
lished study regarding the structural
validity of the AEPS:E motor portion
compared with a more current stan-
dardized test of motor development
than the Gesell scale. Therefore, we
suggest that the TPBA-2 and EMI-
IGDI are the best play-based assess-
ments of motor skills to assess a con-

struct similar to traditional stan-
dardized tests of motor development.

Structural validity of play-based
assessments of cognitive skills was
generally lower than that of play-
based assessments of motor skills.
Structural validity of the AEPS:E
was moderate compared with the
Battelle Developmental Inventory.20

It is interesting to note that the cor-
relation between the AEPS:E and the
Battelle Developmental Inventory
was lower in children older than 24
months. We hypothesize that this
finding may have been due to the
fact that the older children did not
display the full range of their cogni-
tive skills during a play session with
a limited set of toys and space in
contrast to a traditional standardized
developmental assessment, which
tests the child on specific skills of all
difficulty levels. Structural validity
was weak to moderate for the EPSI-
IGDI26 and the PBA16 compared with
the BSID-2. Child-driven free play
tends to decrease validity because
the child may or may not show his or
her full repertoire of cognitive skills
during a given test session. Validity
was strong when more structure was
part of the play-based assessment
such as in the EPS-I.36

Table 4.
Methodological Quality of Measurement Properties Using the COSMIN for All Included Studiesa

Study
Play-Based
Assessment

Interrater
Reliability

Test-Retest
Reliability

Structural
Validity

Content
Validity Responsiveness

Greenwood et al21 EMI-IGDI Fair Poor Fair Good Poor

Greenwood et al26 EPSI-IGDI Fair Fair Fair

Macy et al20 AEPS:E Fair Poor

Bricker et al36 EPS-I Fair Fair Fair

Bailey and Bricker35 EPS-I Poor Poor Poor

Kelly-Vance et al16 PBA Fair

Kelly-Vance and Ryalls23 PIECES Fair

Linas19 TPBA-2 Poor

a COSMIN�Consensus-based Standards for the selection of health status Measurement Instruments; PBA�Play-Based Assessment; PIECES�Play in Early
Childhood Evaluation System; TPBA-2�Transdisciplinary Play-Based Assessment, 2nd edition; EPS-I�Evaluation and Programming System for Infants and
Young Children; AEPS:E�Assessment, Evaluation, and Programming System for Eligibility; EMI-IGDI�Early Movement Indicator–Individual Growth and
Development Indicators, a general outcome measure of movement; EPSI-IGDI: Early Problem Solving Indicator–Individual Growth and Development
Indicators. The EMI-IGDI and EPSI-IGDI are each independent parts of the larger assessment tool, the Individual Growth and Development Indicators (IGDI).
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Content validity of the EMI-IGDI,
measuring change with increasing
age, was significant (P�.01) when
using a hierarchical linear modeling
level 2 design across 3 age cohorts.21

The results indicate that age affects
movements during this play-based
assessment, which supports the
validity of the EMI-IGDI for measur-
ing movement. Having only one
study, however, limits generalization
of the findings to other play-based
assessments.

The methodological quality of mea-
surement properties as defined by
COSMIN32 in each of the studies in
this systematic review was poor to
fair, with the exception of content
validity in one study that was rated as
good. One measurement property
for 3 studies was downgraded due
to small sample size.19,23,35 Other
methodological issues for these stud-
ies included no evidence of patient
stability on test-retest,23 methodo-
logical flaws in study design,19 and
unclear handling of missing data.35

Use of a Pearson correlation coeffi-
cient instead of an ICC for reliabil-
ity reduced the methodological qual-
ity rating for all included studies.
Only one study, however, had a reli-
ability score that would have been
upgraded had the ICC been used.20

Although no one methodological
issue affected all the studies, each
included study had some method-
ological problems. Future studies
that adhere to rigorous methods
will provide more detailed informa-
tion about using play-based assess-
ments for research and clinical
measurement.

Play-based assessment tools are
designed to assess a child’s ability to
use motor and cognitive skills during
self-motivated play within contextu-
ally relevant environments. Although
play-based assessment allows the
child to select the activities, this sys-
tematic review demonstrates that
the overall reliability of these mea-

sures is similar to more traditional
standardized developmental tests.
The slightly lower test-retest reliabil-
ity is likely the result of the varied
responses children display when
given toys in the naturalistic envi-
ronment during play but not spe-
cifically prompted to react to the
toy in a certain manner, such as dur-
ing a traditional standardized devel-
opmental test. The validity results
of this review of play-based assess-
ments suggest that as a group, play-
based assessments measure a con-
struct that is similar, but not
identical, to traditional standard-
ized developmental tests. Similar
to reliability findings, we suggest
that slightly lower validity findings
of play-based assessments may be
acceptable because of the natural-
istic context of activities during
the assessment. Studies of individual
play-based assessments, however,
indicate varied structural validity
correlations. As a result of varied
validity and poor to fair methodolog-
ical quality, individual tests need
additional research to document
reliability and validity in high-quality
studies. At present, results using
play-based assessments should be
interpreted with caution.

Limitations
This systematic review has several
limitations. The broad nature of the
search terms resulted in a very
large number of titles and abstracts,
which required screening of title
and abstract. Although only a single
author reviewed each title and
abstract, the criteria to eliminate a
study based on title and abstract
were designed to retain any study
that might meet the inclusion crite-
ria. Two reviewers completed all
other eligibility determination and
data extraction. These search criteria
could have resulted in missing other
potentially relevant studies of the
reliability or validity of play-based
assessment tools. Also, COSMIN was
originally developed for assessing

the quality of health-related patient-
reported outcome measures in order
to assess complex subjective health
changes over time.29 Although play-
based assessments do not fit the type
of studies usually assessed using the
COSMIN, the majority of measure-
ment quality assessment tables could
be completed without difficulty.

In conclusion, a standardized assess-
ment of skills used during play is
critical to determining the need for
and efficacy of developmental inter-
vention, yet therapists are chal-
lenged to find tools to meet this
objective.46 Although the challenge
continues, the results of this sys-
tematic review demonstrate that
play-based assessments have the
potential to be reliable and valid
tools. Researchers must continue to
assess reliability and validity of spe-
cific play-based assessment tools and
reassess psychometrics as adapta-
tions are made to the tools. Before
play-based assessments can be used
as evaluative measures, responsive-
ness to change must be evaluated.
Changes in skills in response to ther-
apeutic intervention, as measured
on play-based assessments, would
provide not only evidence that ther-
apy can teach a child a new skill
but also evidence that the child can
spontaneously use the new skills in
daily activity. Determining adequate
responsiveness of play-based assess-
ments would give early develop-
mental intervention therapists an
opportunity to use play not just as a
process of intervention but also as a
reliable and valid method of assess-
ing development. A primary thera-
peutic goal in all cultures is to
enhance a child’s use of functional
skills for participation in age-
appropriate activities such as play.
Play-based assessments improve the
ability of clinicians and researchers
to measure the impact of therapeu-
tic interventions during these age-
appropriate activities for children.
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Appendix.
Database Searches

Search Engine Exact Search Terms
No. of

Publications

PubMed ((“Reproducibility of Results”[MeSH] OR “Data Interpretation,
Statistical”[MeSH]) OR “Validation Studies as Topic”[MeSH]))
AND ((“Motor skills”[MeSH] OR “Cognition”[MeSH] OR
“Child Development”[Mesh] OR “Play and Playthings”[MeSH]
OR (“play-based assessment”[All Fields] OR “play based
assessment”[All Fields]))

Filters activated: Publication date to May 31, 2013, Humans,
Newborn: birth–1 month, Infant: birth–23 months, Infant:
1–23 months, Preschool Child: 2–5 years

984

CINAHL ((MH “Reliability and Validity”) OR (MH “measurement error”)
OR “statistical validity” OR (MH “Validity�”)) AND ((“play
assessment” OR “play-based assessment” OR “play based
assessment”) OR (MH “Play and Playthings”) OR “early
intervention” OR “interdisciplinary assessment” OR (MH
“child development”) OR “motor development” OR
“cognitive development”))

Limiters: Published Date from: May 31, 2013; English Language;
Age Groups: Infant, Newborn: birth-1 month, Infant: 1–23
months, Child, Preschool: 2–5 years

475

ERIC (Education Resources
Information Center)

((Thesaurus Descriptors: “Child Development”) AND (Thesaurus
Descriptors: “Cognitive Ability” OR Thesaurus Descriptors:
“Cognitive Development”) OR (Thesaurus Descriptors: “Motor
Development”) OR (Thesaurus Descriptors: “play”)) AND
((Thesaurus Descriptors: “screening tests”) OR (Thesaurus
Descriptors: “Interrater Reliability” OR Thesaurus Descriptors:
“Reliability” OR Thesaurus Descriptors: “Test Reliability”) OR
(Thesaurus Descriptors: “Validity”)) OR (Keywords: “play-
based assessment” OR Keywords: “play based assessment” OR
Keywords: “interdisciplinary assessment”))

251

PsycINFO Index Terms: {Interrater Reliability} OR {Test Reliability} OR {Test
Validity} OR {Statistical Validity} AND Index Terms: {childhood
play behavior} OR {childhood development} OR “play-based
assessment” OR “early intervention” OR “interdisciplinary
assessment” OR {Cognitive Development} OR {Motor
Development} AND Age Group: Neonatal (birth–1 month) OR
Infancy (2–23 months) OR Preschool Age (2–5 years) AND
Population Group: Human

540

Play-Based Assessments of Motor and Cognitive Skills for Infants and Young Children
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