
©Journal of Sports Science and Medicine (2009) 8, 154-168 
http://www.jssm.org 

 

 
Received: 27 March 2008 / Accepted: 06 February 2009 / Published (online): 01 June 2009 
 

 

 
 

 
 

Movement skill assessment of typically developing preschool children: A review 
of seven movement skill assessment tools 
 
Wouter Cools 1 , Kristine De Martelaer 1, Christiane Samaey 1 and Caroline Andries 2 

¹ Department of Movement Education and Sport Training, Faculty of Physical Education and Physiotherapy, ² Depart-
ment of Developmental and Lifespan Psychology, Faculty of Psychology and Education, Vrije Universiteit Brussel, 
Brussel, Belgium 
 

 
Abstract 
The importance of movement is often overlooked because it is 
such a natural part of human life. It is, however, crucial for a 
child’s physical, cognitive and social development. In addition, 
experiences support learning and development of fundamental 
movement skills. The foundations of those skills are laid in early 
childhood and essential to encourage a physically active life-
style. Fundamental movement skill performance can be exam-
ined with several assessment tools. The choice of a test will 
depend on the context in which the assessment is planned. This 
article compares seven assessment tools which are often referred 
to in European or international context. It discusses the tools’ 
usefulness for the assessment of movement skill development in 
general population samples. After a brief description of each 
assessment tool the article focuses on contents, reliability, valid-
ity and normative data. A conclusion outline of strengths and 
weaknesses of all reviewed assessment tools focusing on their 
use in educational research settings is provided and stresses the 
importance of regular data collection of fundamental movement 
skill development among preschool children. 
 
Key words: Early childhood, psychomotor performance, motor 
development, validity, reliability. 

 
 
Introduction 
 
Usually, children attending preschool range in age from 
three to six, although in Europe some differences between 
countries exist (Eurydice, 2002). This age period is a 
sensitive period for the development of fundamental 
movement skills [FMS] (Gallahue and Donnely, 2003). 
Because most preschool children are naturally curious, 
love to play and explore, these FMS are learned very 
easily. Especially when stimulation, opportunities to play 
and to be physically active or sport are offered. The mas-
tery of certain FMS is a prerequisite for daily life func-
tioning and participation in later physical or sport-specific 
activities.  

At an early age, gross movement skills are neces-
sary to move, stabilize and control body and objects while 
exploring the environment. Later in life, well developed 
gross movement skills help individuals to function more 
smoothly. Fine movement skills are necessary for the 
development of basic self-help skills. Also drawing and 
writing are based on fine movement skill development. 
Later in life well developed fine movement skills are as 
important as gross movement skills. 

During  infancy,  development  is  evaluated almost  

exclusively by motor development (Berk, 2003). Once a 
child can reach, grasp and walk, however, interest in the 
further development of more complex movement skills is 
reduced and more attention is given to the development of 
cognitive, social and emotional aspects. Motor develop-
ment is basically only taken into consideration when 
dysfunctions or inefficient movement behavior appears 
(Davies, 2003). Research in the area of movement skill 
development mainly focuses on motor impairment and 
motor deficits. Hence, research on FMS development and 
performance in developing children is scarce and rather 
fragmentary. The information which is available is mostly 
based on the sequences of developmental change in 
movement patterns and can be found in literature such as 
Gallahue and Ozmun (2006) and Haywood and Getchell 
(2005). Normative data on FMS development and per-
formance are mainly derived from control or normative 
samples in research studies on children with a develop-
mental disorder. In general, normative data on FMS de-
velopment and performance of European samples of pre-
school are scarce.  

Different tools to assess movement performance in 
early childhood are available (Barnett and Peters, 2004; 
Simons, 2004; Vallaey and Vandroemme, 2001; Wiart 
and Darrah, 1999). Most of these tools are aimed at a 
specific target group and hence have specific content. The 
movement assessment can be norm- or criterion refer-
enced. A norm-referenced test compares the child’s per-
formance to that of a normative group, and quantifies the 
child’s movement skill competence. A criterion-
referenced test compares the child’s performance to pre-
determined criteria. A criterion-referenced test takes into 
account the qualitative aspects of the movements required 
to perform the movement skill item. A second form of 
movement skill assessment is through pupil monitoring 
instruments and is mainly used by teachers. Although 
many child monitoring instruments (SIG, 2005; Bertrands 
et al., 2003; van Gelder and Stroes, 2002) exist, there is 
little agreement on what might be expected in relation to 
children’s FMS development (Haywood and Getchell, 
2005). 

In addition to earlier reviews such as Barnett and 
Peters (2004), Tieman et al. (2005), Yoon et al. (2006) 
and Wiart and Darrah (2001), this article provides a re-
view of seven movement skill assessment tools with the 
scope on movement development and performance in 
typical preschool children.  

The  review  explores   the  potential  usefulness  to  
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assess movement performance in an educational research 
context. Six of these tests are often used or referred to in a 
European and international context (Bös, 2003; Simons, 
2004; Vallaey and Vandroemme 1999). The seventh, the 
Maastrichtse Motoriek Test (MMT) is a recently devel-
oped tool and is added because of its innovative combina-
tion of quantification and qualification of movement skills 
development and performance. Different aspects of the 
assessment tools are described, including content and test 
administration, validity, reliability, and normative data. 
The review includes the following tests:  

• Motoriktest für Vier- bis Sechjärige Kinder (MOT 
4-6),  
• Movement Assessment Battery for Children 
(Movement-ABC),  
• Peabody Development Scales (PDMS),  
• Körperkoordinationtest für Kinder (KTK),  
• Test of Gross Motor Development (TGMD),  
• the Maastrichtse Motoriek Test (MMT),  
• the Bruininks-Oseretsky test of Motor Proficiency 
(BOTMP).  
 

Although the movement skill assessment tools vary 
in specific applications, the basic concepts of assessment 
all operate similarly. 

 
Movement skill assessment tools 
 
Motoriktest für vier- bis sechsjährige Kinder (MOT 4-
6) [Zimmer and Volkamer, 1987] 
The MOT 4-6 test is of German origin and has been de-
veloped to contribute to the assessment of FMS develop-
ment. In addition, the tool creates an opportunity for early 
detection of FMS delay or deficiency. The test is rooted in 
both the Lincoln Oseretsky Motor Development Scales 
(LOMDS) and the Körperkoordinationtest für Kinder 
(KTK) to which adaptations have been made to make the 
test appropriate for the specific age group of preschool 
children (Zimmer and Volkamer, 1987). The authors 
believe that children in this age group have specific needs 
and require a different pedagogical approach. Therefore, 
the age range (4 to 6 year-olds) applicable for this tool is 
kept very narrow. The test features 18 different items 
including locomotion, stability, object control and fine 
movement skills (see Table 1). The standardized manual 
comprises exact descriptions of every item: detailed task 
description, required material, indications on important 
aspects, specific simple instructions for the child and a 
three-point rating scale from 0 (skill not mastered) to 2 
(skill mastered). A well-organized score sheet enhances 
standardization. Additionally, free space for qualitative 
notes about the child or its performance is provided. To 
guarantee maximum attractiveness of the test, the subse-
quent items have different motor demands. The total test 
time per child fluctuates between 15 and 20 minutes. As 
some assignments have to be performed barefoot, test 
time might be slightly prolonged. For some children this 
might even be experienced as a barrier. 

In accordance with the test purpose, the total motor 
score expresses children’s FMS performance. The MOT 
4-6 is product-oriented and refers to a norm. Half-yearly 
norms are derived from a sample of 548 typically devel-

oping German preschool children. No separate normative 
data for boys and girls were included because of an ab-
sence of significant gender differences in total motor 
scores. Qualified test administrators have to be familiar 
with every test item’s specific instructions and should be 
able to demonstrate every task adequately. 

The MOT 4-6 is a coordination assessment tool for 
preschool children (Bös, 2003), recommended for educa-
tional research purposes because of its specific age range 
(Vallaey and Vandroemme, 1999). A test revision of the 
MOT 4-6 is in progress and the age range will be ex-
tended to 8 years (Zimmer, 2006). 

 
Movement Assessment Battery for Children (Move-
ment-ABC – Movement-ABC 2) (Henderson and Sug-
den, 1992; Henderson, Sugden and Barnett 2007) 
The Movement-ABC assesses the developmental status of 
FMS; with a focus on detection of delay or deficiency in a 
child’s movement skill development (Vallaey and Van-
droemme, 1999). The Movement-ABC test is a revision 
of the Test of Motor Impairment (TOMI) and originates 
from the Oseretsky scales for the motor capacity of chil-
dren (Simons, 2004; Burton and Miller, 1998). The test is 
suitable for children between 4 and 12 years of age and 
consists of 32 items, subdivided into 4 age bands. Each 
age band includes 8 individual test items measuring 
movement skills in three categories: manual dexterity 
skills, ball skills and balance skills. Taking the test re-
quires 20 to 30 minutes. A total impairment score ex-
presses the child’s test performance. Each item is rated on 
a 6-point rating scale, where 5 equates to the weakest 
performance and 0 equals the best performance. Profile 
scores provide more specific information on the child’s 
movement skill performance of each individual category. 
Qualitative observations are optional (Henderson and 
Sugden, 1992). 

The most important advantages of the test are: its 
availability in several European countries, its cross cul-
tural validity which is based on comparison with local 
sample data (e.g. Smits-Engelsman, 1998; Petermann, 
2008; Soppelsa and Albaret, 2004) and its simple test 
administration, which facilitates large sample screening 
over a short period. The disadvantages of the test are: its 
rather large age range (loss of specificity) and its unfavor-
able proportion of test items versus time required for test 
administration (8 items/20-30 min). Unlike other move-
ment skill tests, such as BOTMP, which measures the 
child’s strengths and weaknesses over a wide range of 
skills, the Movement-ABC is limited to the movement 
skills of a certain age band. The Movement-ABC is a 
product-oriented test and refers to a norm. In the revised 
version (Henderson et al., 2007) qualitative observations 
have been added. However, they do not have an impact on 
the score and are meant to specify the difficulties that 
children encounter when performing a movement skill 
task. Following the Movement ABC checklist, the age 
range of Movement-ABC 2 checklist is extended (ages 5 
to 12) and focuses on how a child manages everyday tasks 
encountered in school and at home. The checklist has a 
motor and a non-motor component that provides informa-
tion on direct and indirect factors that might affect 
movement. The checklists, however, are outside the scope 
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of this article and will not be discussed in detail. 
The test is used as a screening instrument for prob-

lems in the development of integrated motor skills 
(Rosenbaum et al., 2004; Van Waelvelde et al., 2004). 
According to these authors, the tool is especially useful in 
exploring issues in the functional integration of motor 
control or problems that often appear for the first time in 
late preschool and early primary school years. Burton and 
Miller (1998) consider the test suitable for assessment of 
motor abilities, early milestones, FMS and specialized 
movement skills. Cross cultural validity (with/without 
modifications of the test) has been supported by a number 
of studies and resulted in the Movement-ABC test being 
translated in several languages (e.g. Chinese, Dutch, Dan-
ish, Swedish, Italian and Japanese [Barnet and Peters, 
2004; Chow et al., 2001; Chow et al., 2006]). 

The revised version (Henderson et al., 2007) in-
cludes the following main points:  
• The test is divided over three components: a standard 
test, a checklist and a companion manual which de-
scribes an ecological approach on intervention for chil-
dren with movement difficulties. 
• Age extension (from 3 to 16 years) and reorganiza-
tion of age bands (3 to 6, 7 to 10 and 11 to 16 years). 
• Revision of the test content:  
o material (manufactured in plastic instead of wood to 
overcome inaccurate measuring as a result of wear and 
tear), 
o tasks: individual item changed; e.g. bicycle trial has 
changed into a drawing trial; rolling ball into goal has 
changed into throwing a beanbag onto a mat; etc. All of 
these changes have been made with the intention of in-
creasing correspondence, sensitivity and consistency 
between test items of the different age bands; 
o instruction: test instructions were clarified to reduce 
ambiguity in test administration and scoring. 
• Updated normative data: 1172 children participated 
in the study between November 2005 and July 2006 
(age band 1 (3-6 y) n = 431; age band 2 (7-10 y) n = 
333 and age band 3 (11-16 y) n = 408). All data were 
gathered in Britain and Northern Ireland and the sample 
was stratified for geographic region, population density, 
social class, and race or ethnicity. 
• Additional normative data collection on children 
from outside the UK is in progress. 

 
Peabody Developmental Motor Scales- Second Edition 
(PDMS-2) [Folio and Fewell, 1983; Folio and Fewell, 
2000] 
The PDMS-2 is a movement skill assessment tool that 
measures gross and fine movement skills. It focuses on 
assessment and intervention or treatment programming 
for children with disabilities. The test manual states that 
the test estimates a child’s motor competence relative to 
his or her peers, determines the balanced development of 
fine and gross motor movement skills, identifies skill 
deficits and evaluates progress. Therefore, it can be used 
as a research tool. 

The PDMS-2 is  a revision  of the original PDMS 
published in 1983. It consists of 6 subtests of which 4 
involve gross and 2 involve fine movement skills. The 
test is designed to assess movement skills of children 

from birth to 6 years of age. The gross movement subtests 
include: reflexes (8 items), stationary performances (30 
items), locomotion (89 items) and object manipulation (24 
items). The fine movement subtests include: grasping (26 
items) and visual-motor integration (72 items). 

According to the authors (Follio and Fewell, 2000), 
the PDMS-2 is a standardized instrument including reli-
able and valid scales. The test is standardized on a sample 
of children from 20 states across the United States. Matu-
ration of the body as well as environmental factors (e.g. 
race and ethnicity of the children) is considered in the 
sampling. 

The total motor score is the sum of all 6 subtest 
scores. The test uses a 3-point rating system of which 2 
equals an attained skill, 1 a developing skill and 0 a non 
acquired skill. This offers the opportunity to measure 
progress later. Every item includes criteria for each rating. 
The PDMS-2 is primarily used for individual assessment, 
but adaptations have been made to allow group assess-
ments (Simons, 2004). Administering the whole test var-
ies between 45 and 60 minutes. 

The PDMS-2 test shows several improvements 
(Simons, 2004; Vanvuchelen et al., 2003). Firstly, norma-
tive data have been expanded to 2003 American and Ca-
nadian children (Data collected between 1997-1998). The 
authors of the PDMS-2 report that reliability and validity 
have been thoroughly analyzed and optimized (Folio and 
Fewell, 2000). Also new score criteria have been added to 
the initial PDMS. Illustrations have been included to 
clarify assignments. Some items have been adapted and 
activity cards changed into motor activity programs. Cor-
relations of r = 0.84 are established between PDMS and 
PDMS-2. A clear structure is obtained through factor 
analysis and is thoroughly described in the test manual. 

The test discriminates motor developmentally de-
layed and disordered children from typically developing 
children. Interchangeable and cross cultural use of the 
PDMS and PDMS-2 are not recommended without pre-
caution and proper adaptation. Darrah et al. (2007) found 
no evidence for equivalent use of PDMS and PDMS-2 in 
4 year-olds. According to Tripathi et al (2008), it is not 
possible to develop culturally sensitive assessment tools 
across geographical regions and environments. Therefore, 
it is necessary to evaluate cultural sensitivity of the as-
sessment tool when using it in a particular region (sample 
of children from India). Vanvuchelen et al. (2003) support 
this statement by concluding that for Flemish children the 
use of the PDMS-2 (with American normative data) was 
not reliable enough to distinguish between children suf-
fering from motor developmental delay or disorders and 
typically developing children. The PDMS-2 overestimates 
the 5-year-old Flemish preschool child. According to 
Vanvuchelen et al. (2003), the PDMS-2 is consistent 
enough to conclude on a child’s general FMS develop-
mental status. However, more thorough standardization of 
the test is needed because of the dependence on observer 
interpretation. The PDMS-2 is process, as well as, prod-
uct-oriented and refers to a criterion as well as to a norm 
(Vallaey and Vandroemme, 1999). 

Because the content has been virtually unchanged, 
Burton and Miller’s (1998) conclusion on PDMS suitabil-
ity for the assessment of motor abilities, fundamental 
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motor skills and early milestones still holds. The Peabody 
Developmental Scales at 3 and 4 years of age can screen 
particularly for the appearance/onset of problems in the 
development of integrated motor skills, in the face of 
what appear to be adequate gross motor abilities 
(Rosenbaum et al., 2004). Vanvuchelen et al. (2003) rec-
ommend the use of PDMS-2 to determine the strengths 
and weaknesses of individual children in therapy plan-
ning. 

 
Körperkoordinationtest für Kinder (KTK) [Kiphard 
and Shilling, 1974; Kiphard and Schilling, 2007] 
The KTK is appropriate for children with a typical devel-
opmental pattern, as well as for children with brain dam-
age, behavioral problems or learning difficulties. The test 
assesses gross body control and coordination, mainly 
dynamic balance skills. The KTK is a shortened version 
(from 6 to 4 items) of the Hamm-Manburger Körperkoor-
dination Test für Kinder of Kiphard and Schilling (1974). 
The test covers an age range from 5 to 14. Assessing one 
child takes approximately 20 minutes. 

The test is thoroughly standardized and considered 
highly reliable (Valaey and Vandroemme, 1999). It is 
easy to set up and takes little time to administer. This 
results in rapid screening of the balance function. The test 
items, however, are not learned quickly, so the test can be 
used for evaluating therapy and interventions. The KTK 
has separate normative data tables for boys and girls for 2 
it’s items. The test is limited to one aspect of gross 
movement skill assessment, object control and locomo-
tion functioning are not integrated in the test (see Table 
2). The KTK-test is a product-oriented test that refers to a 
norm. In spite of the KTK lasting for a long time, its value 
is preserved. Especially when one is specifically inter-
ested in the evaluation of balance skill development 
among children, the KTK offers a highly reliable and 
standardized opportunity for assessment (Gheysen et al., 
2008). Furthermore the test is still used for the criterion 
validity studies of other assessment tools, e.g. M-ABC 2 
(Henderson et al., 2007). 

 
Test of Gross Motor Development, Second Edition 
(TGMD-2) [Ulrich,1985; Ulrich, 2000] 
The TGDM-2 measures gross movement performance 
based on qualitative aspects of movement skills. Accord-
ing to the author, the test can be used to identify children 
who are significantly behind their peers in gross motor 
performance, to plan programs to improve skills in those 
children showing delays and to assess changes as a func-
tion of increasing age, experience, instruction or interven-
tion. The TGDM-2 is a revision of the original Test of 
Gross Motor Development (TGMD), published in 1985 
(Ulrich, 1985). The age range (3 to 10 years) covers the 
period in which the most dramatic changes in a child’s 
gross movement skill development occur (Ulrich, 2000). 
The test includes locomotion and object control skills. 
The locomotion part consists of six consecutive items: 
running, galloping, hopping, leaping, horizontal jumping 
and sliding. The object control subtest consists of six 
consecutive items: two-hand striking a stationary ball, 
stationary dribbling, catching, kicking, overhand throwing 
and underhand rolling. The child has to perform every 

item twice. When the performance is correct a score of 1 
is marked, incorrect performances are scored 0. The sum 
of both performances represents the final score for each 
item. Standard scores for both locomotion and object 
control parts can be calculated and age equivalents can be 
derived. The test is administered in 15 to 20 minutes and 
requires equipment that is commonly used during PE.  

The test revision shows several improvements. Ul-
rich (2000) reports on reliability and validity issues which 
have been thoroughly revised: internal consistency and 
stability coefficients have been added and reliability coef-
ficients have been computed for subgroups of the norma-
tive sample, validity for a wide variety of subgroups has 
been obtained. New normative data from the USA were 
gathered. The normative sample has undergone specific 
changes: the sample was stratified (by age, relative to 
geography, race, gender and residence); norms fall into 
half-year periods and gender normative tables were cre-
ated for the subtest object control. Some test items 
changed, pictures were redrawn and the skipping item 
was dropped and underhand rolling was added to the 
subtest object control.  

A great advantage of the TGDM-2, in addition to 
performance assessment, is the incorporation of qualita-
tive aspects in the assessment. Regrettably, no stability 
subtest is included. Simons and Van Hombeeck (2003) 
conclude that Flemish children score significantly lower 
than American children on the TGDM-2. The cultural 
differences as a possible explanation for this under-
achievement are proposed. The object control items, es-
pecially the striking and overhand throwing items (both 
highly related to baseball skills), might be inappropriate 
to use cross culturally as a standard for object control 
assessment. The TGDM-2 is a process and product-
oriented test that refers to a criterion and a norm. Because 
no extensive content changes have been made, Burton and 
Miller’s conclusion (1998) on the TGMD’s suitability to 
assess motor abilities and FMS still holds for TGDM-2. 

 
Maastrichtse Motoriek Test (MMT) [Vles et al., 2004] 
Vles et al. (2004) recently designed a new assessment 
tool, the Maastrichtse Motoriek Test (MMT). The purpose 
of the MMT is to objectively assess qualitative aspects of 
movement skill patterns in addition to quantitative 
movement skill performance. The test distinguishes be-
tween children with and without normal motor behavior. 
The authors claim to detect children at risk for Attention 
Deficit Hyperactivity Disorder (ADHD) at an early age. 
The MMT measures fine as well as gross movement 
skills. The test is suitable for 5 to 6-year-old children, the 
age period seen as the transition stage between pre- and 
primary school. The MMT includes 70 items of which 34 
measure quantitative and 36 measure qualitative aspects 
of movement skill performance. To score the child’s per-
formance on an item, a three-point scale is used; from 0 to 
2. It takes 20-25 minutes to administer the test. Scoring 
qualitative aspects of movement requires well trained 
observation skills. Therefore, next to a clear description, 
images and small video fragments (showing a weak, a 
moderate and a good performance) for all qualitative test 
items have been included on a CD-Rom. A group of 487 
children in the second year of elementary school in the 
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Netherlands participated in the normative data sample. To 
contribute to the content validity a panel of experts co-
operated closely in the development of the MMT. The 
MMT observations of two well-trained observers were 
compared with a school doctor’s (with > 20 years of ex-
perience) judgment on the children’s motor development 
(normal versus abnormal). The school doctor assessed the 
children separately and was unaware of the MMT test 
results. Video recordings of 24 children were made during 
testing to investigate intra-rater reliability. The test-retest 
reliability intra-class correlation coefficients (ICC) ranged 
from r =0.43 to 0.93. A group of children (n=43) was 
tested twice by the same examiner, the children scored 
slightly better on the second trial but no significant differ-
ences were found. Two raters scored 42 children inde-
pendently at the same time, ICCs of inter-rater reliability 
varied from r = 0.92 to 0.97. Areas under curve were 
calculated, and varied from r = 0.81 to 0.86. Intra-rater 
reliability ICCs varied from r = 0.72 to 0.98. Separate 
normative data tables for boys and girls are provided 
because of significant gender differences. 

A promising strength of the MMT is that it in-
cludes qualitative observations in the total movement skill 
score and thus provides a more holistic view on the 
child’s strengths and weaknesses. Among the limitations 
are the absence of locomotor skill items and the very 
small age range that is covered. 

 
Bruininks-Oseretsky Test of Motor Proficiency 
(BOTMP-BOT-2) [Bruininks, 1978; Bruininks and 
Bruininks, 2005] 
The Bruininks-Oseretsky Test of Motor Proficiency 
(BOTMP) and its review the Bruininks-Oseretsky Test of 
Motor Proficiency, second edition (BOT-2) are tools to 
assess fine and gross movement skill development. They 
are used to identify individuals with mild to moderate 
motor coordination deficits. The test is suitable for indi-
viduals aged 4 to 21 years. The complete BOT-2 features 
53 items and is divided into 8 subtests: fine motor preci-
sion (7 items), fine motor integration (8 items), manual 
dexterity (5 items), bilateral coordination (7 items), bal-
ance (9 items), running speed and agility (5 items), upper 
limb coordination (7 items), strength (5 items). The items 
in every subtest become progressively more difficult. A 
short form of the BOT-2 can be used as a screening tool 
to achieve rapid and easy scoring reflecting overall motor 
proficiency. The BOT-2 Short Form comprises a subset of 
14 items of the BOT-2 Complete Form and was con-
structed from data gathered in standardization (Bruiniks 
and Bruininks, 2005). The Short Form features items 
from all subtests. A high correlation (~r = 0.80s) was 
found between the short and long form of the BOT-2.  

The selection of the items was based on the follow-
ing criteria: 

- to provide a broad and general view on the movement 
skill development status of a child; 

- to represent significant aspects of motor behavior; 
- to emphasize motor activity; 
- to provide the opportunity to discriminate between a 

broad range of motor abilities; 
- to fall within the possibilities of mild and moderate  

mentally retarded children;  

- to appeal to limited memory capacity and vocabulary 
of the child; 

- material has to be easily transported. 
 

The scoring system varies according to the indi-
vidual items; it ranges from a 2-point scale to a 13-point 
scale. The raw scores can be converted into a standard 
numerical score. Results can be aggregated into a fine 
manual control composite, a manual coordination com-
posite, a body coordination composite and a strength and 
agility composite. The sum of scores results in a total 
motor composite. The time required to assess one indi-
vidual varies between 45 to 60 minutes for the complete 
test and between 15 and 20 minutes for the short form. 

The revision goals included quality improvement 
of kit equipment, improvement of item presentation, im-
provement of measurements on the youngest children (4- 
and 5-yearl olds), improvement of functional relevance, 
expansion coverage of fine and gross motor skill and 
extension of age norms to the age of 21. The use of the 
test is recommended for motor impairment diagnosis, 
screening, placement decisions, development and evalua-
tion of motor training programs and supporting research 
goals. The BOTMP is frequently used in adapted PE, 
occupational therapy and physical therapy (Burton and 
Miller, 1998). According to Rosenbaum et al. (2004), the 
BOTMP is designed for assessment of motor skills in 
children, for those with motor dysfunctions in particular. 
Bruininks and Bruininks (2005) proved test validity for 
BOT-2 for individuals with developmental coordination 
disorder (DCD), mild to moderate mental retardation 
(MR), and high-functioning autism /Asperger’s Disorder. 

A total of 1520 children from 239 settings of all 
states in the US were included in the collection of norma-
tive data in the beginning of 2005. 

Peerlings (2007) lists some important barriers for 
the use of this test: 
• the test is only obtainable by medical and paramedi-
cal professions, and even then it is not very easy to ob-
tain the assessment battery. 
• Because of the adaptation of some items a more thor-
ough training is required and 18 m of running space is 
required for the test setting. 
• The order of test items on the scoring sheet do not 
comply with the order of  subtests assessment. 
• For some of the younger children the time required to 
complete the test is too long, so it is recommended to 
spread the assessment over two test sessions. 
 

Table 1 provides a summary and overview of all 
assessment tools that have been described previously. An 
overview of the content of the movement skill items of 
each test are shown in Table 2.  
 
Administrative and organizational aspects  
 
Test Choice 
Table  1  shows  administrative  aspects  of  the  reviewed 
tools and can be used to guide the selection of the most 
appropriate one for a specific educational research goal or 
clinical purpose. Adequate standardized tools include 
following basic criteria: clear conversion tables in the test 
manual, an all-inclusive test kit, clear descriptions of  test  
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Table 1. Administrative aspects of the motor assessment tools. 
 Purpose Assessment / 

training 
Age  

(y:m) 
Assessment 
time (min)

Number  
of items 

Required 
equipment 

Raw score 
conversion 

Cost 
2006*     

MOT 4-6  Assesses motor 
developmental 
status at pre-
school age 

General as-
sessment of 
gross and fine 
motor skills 

 4:0-6:11 15-20 18 items  
 

Test kit, stop-
watch and 
clipboard 

Percentile 
rank, T-score, 
C-score, DMQ 
Stanine 

418€ 

Movement   
ABC  

Identify and 
describe motor 
impairments in 
daily life 

SMD, 
Level measure-
ment 
Evaluation of 
treatment (de-
scription) 

 4:0 - 12:0 20–30 32 items: 
4 age 
bands 
(4x8 
items) 

Test kit Clip-
board and 
stopwatch 
 

Percentile rank 
Total impair-
ment score 

954€ 

PDMS 2 
 

MDA and 
programming 
for young 
children with 
disabilities 

In-depth as-
sessment and 
training or 
remediation of 
gross and fine 
motor skills 

 0:0-6:11 LV: 45-60; 
STV:20 – 30 

249 items Test kit and 
additional 
required materi-
als 

 GMQ, FMQ, 
TMQ,Percentile,  
Standard scores,  
z-score,T-score,  
AE, scaled score, 
mean MAE 

855€ 

KTK  Assesses gen-
eral dynamic 
balance skill 

Screening for 
children suffering 
from brain 
damage, behav-
ioral and learning 
disturbances 
Screening gross 
motor skill 
(balance) 

 5:0 - 14:0 20 4 items 
 

Balance beams 
(6, 4.5 and 3 
cm); sponge 
blocs (5 - 60 
cm); wooden 
slat, 2 wooden 
boxes 

Percentile 
rank, Motor 
quotient 

524€ 

TGMD-2  Identify chil-
dren who are 
significantly 
behind their 
peers 

Identify, plan, 
assess changes 
in relation to 
age or experi-
ence, assess 
changes after 
intervention or 
instruction 

 3:0 - 10:0 15 – 20 12 items Masking tape, 
chalk, traffic 
cones, 10-15 cm 
light ball, 20-25 
cm playground 
ball, 15-20 cm 
sponge ball, 
tennis ball, 20-
25 cm plastic or 
slightly deflated 
playground ball, 
tape measure 

Percentile 
rank, Standard 
scores, age 
equivalent, 
Gross Motor 
Quotient 

262€ 

MMT  Objectify quali-
tative and 
quantitative 
aspects of 
movement 

Detection of 
Attention 
Deficit Hyper-
activity Disor-
der 

 5:0 – 6:11 LV: 30 
SV: 7 

LV: 70 
items 
SV: 20 
items 

Manual, instruc-
tion CD-rom, 
score sheets, 
stopwatch, 
plastic ball, 
scotch tape 

Percentile 
rank, Quality 
of movement 

175€ + 
272€  
CD-rom 
Stand 
alone 
version 

BOT-2  Identification of  
deficits in 
individual with 
light to moder-
ate motor coor-
dination prob-
lems 

Profile analysis to 
evaluate an 
individual’s 
strengths and 
weaknesses, 
Clinical validity 
studies on high-
functioning 
autism/ Asper-
ger’s Disorder, 
developmental 
coordination 
disorder, and 
mild-to moderate 
mental retardation 

 4:0 - 21:0 LF: 45 - 60 
SF: 15 - 20 

LF: 53 
items 
SF: 14 
items 

Test kit, and 
additional 
required equip-
ment  
a tape measure, 
a stopwatch, 2 
chairs, a table 
and a clip board 

Subtest and 
Composite 
scores , Total 
Motor Com-
posite; Stan-
dard Score, 
Scale score, 
Percentile 
Ranks, Stan-
dard deviations 

1352€ 

* VAT including, SMD = Screening of motor difficulties, MDA = Motor development assessment, DMQ = Developmental Motor Quotient, GMQ = 
Gross Motor Quotient, FMQ = Fine Motor Quotient, TMQ = Total Motor Quotient, AE = Age Equivalent, MAE = Motor Age Equivalent 
 
items and scoring instructions, a well organized score 
sheet and additional free space for additional qualitative 
information. Also assessment material should be easy to 
install and test items should be simple to instruct, demon-
strate and easy to administer. 

Assessment has to be performed in compliance 
with the standards for test users (Task Force on Standards 

for Measurement in Physical Therapy TFSMPT, 1991), 
e.g. reporting test choice (e.g. describing practical use, 
physical setting, population and justification of test 
choice, comprising the reasons for not choosing a tool), 
test selection has to be based on what is best for the per-
son being tested and ethical guidelines should be followed 
(e.g.  oral   consent   from   the  assessed pre-school child, 
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        Table 2. Movement skill content of assessment tools *.  
  Gross Motor Movement Skills 

Test Locomotion 
movement skill 

Object control 
movement skill 

Stability move-
ment skill 

Fine Motor 
Movement skills 

Overlap 

MOT 4-6 6 4 9 3 3 
M-ABC 1 2 3 3 1 
PDMS 2 16 10 18 18 2 
KTK 0 / 4 / 0 
TGMD-2 6 6 / / / 
MMT / 8 34 28 * 
BOT-2 9 8 16 20 2 

* This table is a concise summary of assessment tool item content. A detailed overview with specific information on 
individual items can be obtained from the authors. 

 
informed consent from the child’s parents, safety meas-
ures, etc.).  

 
Test use 
Special attention has to be paid to the test circumstances, 
because most tests have to take place ‘on the spot’. Test 
manuals prepare for this environment by including clear 
descriptions of the physical requirements. Summarizing 
these guidelines in the test manuals an ideal test room 
should measure 6 m by 4 m, include one wall without 
openings or obstacles and a hard surfaced floor. The test 
room should be bright, quiet and well ventilated. Distrac-
tion of the tested child and loss of time is minimized 
when test items are set out around the room in advance.  

Ideal test material should be standardized and appliances 
such as chairs and tables should be well adapted to the 
child’s dimensions. Before starting the assessment, pre-
cautions should be taken to prevent dangerous situations. 
Test raters 
Another aspect of importance is the selection and training 
of examiners or test users. The test user’s background 
should comply with the Standards for Test and Measure-
ments in Physical therapy (TFSMPT, 1991). A test user’s 
appropriate background includes basic knowledge of the 
theory and principles of tests and measurements, as well 
as standardized training and basic understanding of the 
child participant’s background. Qualified test examiners 
should have read and studied the test materials and 

 
Table 3. Reliability aspects. 

Test Inter-rater reliability Intra-rater reliability Test-retest reliability Other reliability aspects 
MOT 4-6 
 

r = 0.88 (product-
moment correlation)  
n = 32 children 5 raters 

NR r = 0.85 (4 weeks n = 47) Split half r = 0.80 (Odd-even). Internal 
consistency: 0.806 (Cronbach’s Alpha) 
SEM 2,185 

M-ABC 
 

Reliability reported for 
TOMI-H n = 360, 3 
raters: ICC =  0.70 
62-100% match be-
tween raters 

NR Reliability reported for 
TOMI-H n = 360, 3 raters: 
ICC = 0.75; 0.64 (4-6), 
0.43 (6-8), 0.96 (9-10), 
0.97 (11-12) 

Reliability of cut-off scores, percentage 
of agreement by item, percentage of 
agreement for total impairment scores 

PDMS 2 n= 60 , r = 0.96, 2 
raters 

NR 2 groups of children: r = 
0.89 (2-11 months; n = 
20); r = 0.96 (12-17 
months n= 30) 
 

Standard error of measurement: ranging 
from 1-5. Internal consistency: 0.97 
(Cronbach’s Alpha). Coefficient alphas 
for six subscales over six age ranges 
from 0.71 to 0.98 

KTK > 0.85 ICC = 0.97 total (N= 68) 
ICC = 0.80 backward balance 
ICC = 0.95 sideward jump 
ICC = 0.94 displacing boxes 
ICC = 0.96 one leg jumping 

r > 0.85. Comparison of 
averages between test and 
retest (all non significant) 
 

Split half Reliability r = 0.92 – 0.97 

TGMD-2 Correlation for subtests 
and Composites rang-
ing from 0.97 - 0.99, r 
= 0.84 - 0.96, n= 60, 2 
examiners scoring 
completed protocols 

NR Locomotion r = 0.85 
Object Control: r = 0.88 
Gross Motor Composite: r 
= 0.91 

Internal consistency reliability coeffi-
cients averages between 0.85 - 0.91 
(Cronbach’s Alpha). Standard error of 
measurement (SEMs), Locomotion 
subtest: 1, Object Control subtest: 1, 
Gross Motor Quotient: 4-5. Reliability 
coefficients for subgroups: > 0.90s 

MMT 
 

n = 43, 0.92 Quantita-
tive score, 0.97 Quali-
tative score, Individual 
scores all > 0.80 
Range 0.83 – 0.97 

Video tapes of 24 (n)children 
were taped during testing: 
video. Quantitative ICC = 
0.72 to 0.98 (n = 24) 
Qualitative ICC = 0.82 – 0.95 

n = 43 
Ranging from 0.43 to 0.93 

 

BOT-2 Ranging from 0.92 to 
0.99, n = 47 (Pearson’s 
correlation), 2 raters 

NR n = 134, Mean subtest 
correlation coefficients 
ranging from 0.69 to upper 
0.70s. Mean composite 
correlation coefficients 
ranging from 0.77 to low 
0.80s. Short form and 
Total Motor Composite 
mid- to upper 0.80s 

Subtest reliability ranging from high 
0.70s to low 0.80s. Composite reliability 
coefficients ranging from high 0.80s to 
low 0.90s. Total Motor Composite mid 
0.90s. SEMs of subtest scales near 2 
SEMs of composite standard scores mid 
3s 
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Table 4. Validity aspects. 
Test Construct Content Criterion related Other 
MOT 4-6  
 
 

Test theoretical based test con-
struction. Discriminates between 
typically developing and children 
with disabilities. No differences 
of total score for boys and girls. 
Enhancement correlates with age 

Item analysis (n=2000) 
 

Concurrent validity with KTK for 
5-6 y olds: 0.78 (n = 181) after 
correction for age r = 0.68 

Refers to a norm 

Movement-
ABC 
 

 NR Concurrent validity with BOTMP 
r = 
-0.53 and with KTK r = 0.62 

Refers to a norm 
Checklist refers 
to a criterion 

PDMS 2 Scores correlate with age (ranging 
from 0.80 - 0.93). Group differen-
tiation: Comparison of standard 
mean scores shows differences as 
one would expect. Confirmatory 
factor analysis ranging from low 
correlation 0.29 (grasping- sub 
items) to high correlation 0.89 
(Gross Motor - Locomotion). Item 
validity supported by discriminat-
ing powers of TGDM-2 

PDMS-2  
1) Description of the 
rational that underlies 
test item selection 
2) Conventional item 
analysis of items by 
Item Response Theory
3) Differential func-
tioning analysis 
4) Item discrimination 
coefficients reported 

Criterion prediction 
PDMS2 - PDMS: GMQ: r = 
0.84, FMQ: r = 0.91 
PDMS-2 and MSEL: > 0.80 for 
GMQ and FMQ, 0.73 - 0.83 for 
TMQ 
With the Mullen r = 0.86 (GM), r 
= 0.80 (FM) 

Refers to a  
criterion and a 
norm 

KTK 
 
 

Construct validity proven by 
examining following assumptions: 

- absence of socio-cultural 
difference (urban and rural 
children) 

- gender differentiation in item 
normative data incorporated 

- differentiation for disadvan-
taged children (brain disorder, 
behavioral problems, mute) 

enhancement correlates with age 

Factor analyses 
showed that the test 
evaluated dynamic 
body coordination and 
body control (dynamic 
balance)  

 Refers to a norm 

TGMD-2 Ulrich addressed construct validity 
of TGDM-2 by examining five key 
assumptions 
- correlation with chronological 

age 
- differentiation between groups of 

individuals of average, below 
and above 

- items correlate highly with Total 
score of subtests 
- subtest composites correlate with 
each other 
- factor analysis: goodness of fit 
indexes ranging from 0.90 to 0.96 

Three content experts 
judged whether skills 
selected are frequently 
taught in preschool 
and early elementary  

Partial correlations:TGDM-2 and 
CSSA subtests: subtest Basic 
motor Generalization: 0.63 for 
Locomotion and 0.41 for Object 
Control 
Correlation between Composite 
and the CSSA subtest was 0.63 

Refers to a  
criterion and a 
norm 

MMT  Expert validity by a 
school doctor’s judg-
ment  

AUC: range 0.80 - 0.87, ROC 
curves, cut-off points for sensi-
tivity and specificity 

Refers to a crite-
rion and a norm 

BOT-2 r = 0.78 (0.56 - 0.86) (test scores 
/ chronological age) 
Discriminative validity with 
scores varying by whether chil-
dren were developing typically or 
had varying grades of develop-
mental difficulty 

Theoretical and em-
pirical sources of 
evidence include: test 
content, item fit and 
clinical groups. 

BOTMP - BOT-2: Moderate to 
strong correlations for subtest 
and composite scores (0.45 - 
0.73) ; high correlation for TMC 
and BC 0.80. PDMS-2 - BOT-
2:TMC and TMQ strongly corre-
late (0.73); subtest and composite 
correlations are moderate to high 
(0.35 - 0.75). TVMS-R - BOT-2: 
correlation of Fine Motor  Inte-
gration subtest is strong 0.74 

Refers to a norm 
Goal directed 
activities 

 
manual in advance. They then should practice administer-
ing and scoring until the specific rules and procedures are 
followed consistently and comfortably (Bruininks and 
Bruininks, 2005). When the results are reported, they 
should describe any incident that may have occurred 
during testing. 
 
Reliability and validity 

An assessment instrument that is not valid is utterly 
useless. An assessment tool that is not reliable cannot 
be valid. (Burton and Miller, 1998, p. 109) 
This section includes an overview for each test individu-
ally. Reliability and validity as described in the test 
manuals are briefly summarized in Tables 3 and 4. To 
define magnitude of correlations Cohen’s scale (1988), 
suggesting that a correlation of 0.5 is large, 0.3 is moder-
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ate and 0.1 is small, was used. In general, reported inter-
nal consistency and inter-rater reliability coefficients are 
high for all tests. A general remark on concurrent validity 
is that test comparisons show less large to moderate corre-
lations (See Table 4). One of the reasons therefore is the 
absence of a golden standard for assessment of movement 
skill development. The next paragraphs include additional 
information on reliability and validity of the selected 
tests. 

The Movement-ABC test (Dutch version) complies 
with Evers et al.’s (2000 a; 2000b) parameters on reliabil-
ity. Van Waelvelde et al. (2007a) confirm reliability of 
the Movement-ABC for the identification of mild to mod-
erate motor impairment in young children. However, 
because of the substantial standard error of measurement 
(SEM) of 2.4 and a learning effect that might occur, re-
peated testing at short time intervals and monitoring chil-
dren with the Movement-ABC are not recommended 
(Van Waelvelde et al., 2007a). Croce et al. (2001) found 
high intraclass correlation coefficients (ICCs) (r = 0.92 to 
0.98) for test reliability and concluded that stable values 
over a one week period were found when using the 
Movement-ABC. Chow and Henderson’s (2003) results 
supported inter-rater and test-retest reliability showing 
ICCs all above r = 0.95 except for one single item. More 
recently, evidence was found for Movement-ABC 2 reli-
ability in dichotomized motor classification using the 15th 
percentile point as cut off as results showed Kappa corre-
lation coefficients ranging between κ= 0.94 and 1.00 
(Henderson et al., 2007). Inter-rater and test retest correla-
tion coefficients range from r = 0.92 to 1.00 and from r= 
0.62 to 0.92 except for one item in the two oldest age 
bands. Reliability tests on three year olds resulted in mod-
erate correlation coefficients (r = 0.49) (Henderson et al., 
2007). 

PDMS-2 reports reliability coefficients for sub-
groups as well as for the total sample (Follio and Fewell, 
2000). Van Hartingsveldt et al. (2005) conclude that 
PDMS-2 (fine motor scales) has large test–retest and 
inter-rater reliability, the coefficients varied from r = 0.84 
to 0.99.  

The TGDM-2 reports internal consistency and sta-
bility coefficients (Ulrich, 2000). TGDM-2 test-retest 
reliability, however, shows no improvement compared to 
the former TGDM’s first edition. The procedure analyz-
ing 30 completed protocols twice does not match a test-
retest situation and cannot be considered as a measure-
ment of stability over time (Simons and Van Hombeeck, 
2003). 

ICCs for test-retest reliability ranged from r = 0.43 
to 0.93 on the individual test items and between r = 0.61 
and 0.74 on total scores for qualitative and quantitative 
measures of the MMT (Kroes et al., 2004). A possible 
explanation for these moderate correlation coefficients 
was that some coefficients were process observations, 
which were far more difficult to score than product ori-
ented observations. ICC for total score reliability coeffi-
cient was r = 0.74. 

Test-retest reliability for the BOTMP has been 
found to be large: r = 0.86 to 0.89 for the Full Battery 
composite score (Bruininks, 1978). Additional support 
was found for inter-rater reliability and provides greater 

confidence to use the test in children, with and without 
motor problems (Wilson et al., 2000). Yoon et al. (2006) 
conclude  on  the  BOTMP  to  be a reliable tool to assess 
motor performance in children. These authors recommend 
pilot testing for feasibility testing in the target group. 
Hassan (2001) found small to large correlation coeffi-
cients (ranging from r = 0.22 to 0.80) for internal consis-
tency in a sample of children from the United Arab Emir-
ates when using the BOTMP SF (Short Form). This au-
thor doubts the BOTMP-SF’s suitability to use in children 
with different types and severities of a disability. In the 
BOT-2 split-half methods were added to report internal 
consistency and test-retest and inter-rater reliability was 
reported for a sample of one hundred and forty three chil-
dren (Peerlings, 2007). 

In their test manual the authors of the MOT 4-6 
concluded that neither factor analysis nor cluster analysis 
provided an adequate factor structure. Construct and con-
tent validity of the test items have therefore been ex-
plained based on movement skill literature. Using the 
KTK as reference for measuring concurrent validity a 
large correlation coefficient of r = 0.68 was found after 
correction for age (Zimmer and Volkamer, 1987). Kam-
bas et al. (2002) constructed normative data tables for 
Greek children for MOT 4-6 use, because the authors 
assumed that Greek and German children might differ in 
motor development. Older children showed significantly 
better performances than younger ones (Kambas et al., 
2002). The test’s capacity to show developmental en-
hancement in healthy Greek children was confirmed 
(Kambas and Aggelousis, 2008). 

Many studies on the usability of the Movement-
ABC reported US norms to be valid in different popula-
tions, suggesting that there is no or little impact of cul-
tural differences (Smits-Engelsman, 1998; Rosblad and 
Gard, 1998; Sigmundsson and Rostoft, 2003). Caution, 
however, is required as some authors suggest that larger 
studies are needed to address the question whether US 
norms are valid for their population (Rosblad and Gard, 
1998; Sigmundsson and Rostoft, 2003) or that the validity 
is not supported in all ages (Livesey et al, 2007; Van 
Waelvelde et al., 2008). Chow et al. (2006) suggests ad-
justments to some test items would be desirable to be 
used in China as results showed both significant within 
and cross cultural differences in their study. Since Evers 
et al. (2000a; 2000b) expressed concern on the absence of 
criterion validity of the Movement-ABC, additional con-
current validity studies with several other well established 
tests, e.g. PDMS 2, BOTMP and KTK have been pub-
lished (Croce et al., 2001; Van Waelvelde et al., 2004; 
Van Waelvelde et al., 2007b). These studies confirmed 
concurrent validity and supported the ability of the 
Movement-ABC to detect children with mild to moderate 
impairment. At the same time some authors stated that 
these tests are not interchangeable and that test choice 
should depend on the specific purpose of the assessment 
(Van Waelvelde et al., 2007b). Concurrent validity Pear-
son’s product correlation coefficients ranged between 
0.60 and 0.90 between the Movement ABC, the BOTMP-
LF (Long Form) and SF (Croce et al., 2001). These au-
thors recommend the Movement ABC to be used when 
short and simple assessment of a child’s motor perform-
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ance is required. Whether Evers (2000b) argument on the 
representativeness of the Movement-ABC’s normative 
data for the Dutch population will be replicated by the 
new normative data collection using the Movement-ABC 
2 in Dutch children, will be known when these are pub-
lished. The Movement-ABC is found to be valid to moni-
tor individual change in children with mild to moderate 
motor impairments (Leemrijse et al., 1999) and to detect 
mild to moderate impairment in preschool children (Van 
Waelvelde et al., 2007a). Further evaluation of gender 
differences for each of the test items might also be benefi-
cial (Livesey et al., 2007). 

PDMS and PDMS-2 scores showed large correla-
tions (0.71 and 0.75), their mean scores, however, dif-
fered significantly which indicated that both versions 
were not equivalent in 4-year old children (Darrah et al., 
2007; Tieman et al., 2005). The PDMS-2 claims represen-
tative data for the current US population. Follio and 
Fewell, (2000) reported support for the PDMS-2’s con-
struct validity on group differentiation for a variety of 
subgroups (e.g. physically handicapped) as well as for the 
general population. Cross cultural validity for European 
children, however, cannot be guaranteed. Vanvuchelen et 
al. (2003) emphasize the need for normative data collec-
tion in Flanders, because original normative do not permit 
sufficient accuracy in the detection of developmental 
delay. The PDMS-2 is less sensitive to mild motor im-
pairment in a Flemish population than the Movement-
ABC (Van Waelvelde et al., 2007b). In contrast with 
confirmation of convergent validity with the fine motor 
section on the Movement-ABC, Van Waelvelde et al. 
(2007b) found no evidence for discriminant validity be-
tween fine and gross motor sub scores. Van Hartingsveldt 
et al. (2005) conclude that the PDMS-2 (fine motor sec-
tion) might not be sensitive enough for children with fine 
motor problems. 

For the KTK factor analysis confirms only one fac-
tor. The KTK test has valid and separate normative data 
for boys and girls. A screening for cultural and geo-
graphical differences shows no significant results. Suit-
ability of the normative data was not confirmed for some 
other European countries (Smits-Engelsman et al., 1998). 
The authors suggest that normative data should be ad-
justed for different populations. 

Construct validity of the TGDM was supported in a 
larger sample of Greek children (n = 664, age 3 to 10) and 
cross generalization was shown with Alpha coefficients α 
= 0.75 and 0.74 by Evaggelinou et al. (2002). TGDM-2 
validity is shown for a wide variety of subgroups as well 
as for the general population of children aged 3 to 10 
years. Age norms were divided into half-year increments 
for both subtests (Ulrich, 2000). Construct validity has 
been confirmed for other populations (Wong and Cheung, 
2007; Simons et al., 2004) 

The MMT test was validated through one expert’s 
(> 20 years of experience) global judgment. The aim was 
to determine whether qualitative aspects of motor behav-
iour could help distinguish between children with and 
without normal motor performance as judged by the 
school doctor. Specificity and sensitivity were calculated 
for different cut-off points (Kroes et al., 2004). Predictive 
validity for the detection of ADHD (Attention Deficit 

Hyperactivity Disorder) has been observed for the qualita-
tive aspects of the MMT, motor performance was not 
predictive  for  ODD  (Oppositional Defiant Disorder) and  
CD (Conduct Disorder) (Kroes et al., 2002). 

The BOTMP-SF (Short Form) was suggested to be 
used for screening purposes and therefore examined for 
construct validity in different populations. The BOTMP-
SF was found to be valid to assess Greek pre- and primary 
schoolchildren (ages 5 to 8 years) (Kambas and Agge-
loussis, 2006). These authors recommended caution and 
further study on validity is required for the use of the 
BOTMP-SF in children with disabilities. Venetsanou et 
al. (2007) conclude that the BOTMP-SF is not a valid tool 
to identify motor impairment in Greek 5-year-olds. Fur-
ther research is needed to precise these findings. Hassan 
(2001) also found support for construct validity of the 
BOTMP-SF in 6 to 11 year-olds and concluded that the 
BOTMP-SF could be used to assess children’s motor 
performance in the United Arab Emirates. According to 
Croce et al. (2001) the BOTMP Full Battery Composite 
Score correlated largely (r = 0.76) with the Movement-
ABC. The BOTMP, however, was considered highly false 
negative in detecting motor delay at school age (Flegel 
and Kolobe, 2002). The study of Duger et al. (1999) 
showed that gross and fine motor skills in early childhood 
varied for age, sex and academic learning. Successful 
children had better movement performances than unsuc-
cessful children. The outcome of this study supported 
validity of the BOTMP in a sample of 4 to 11 year-old 
children and the authors suggest that the Bruininks Os-
eretsky test can be useful to investigate unexplored as-
pects of motor development. The BOTMP’s use as an 
assessment tool to measure motor deficiencies has been 
questioned in some studies (Yoon et al., 2006). 

BOT-2 validity has been proven for content and 
factor analysis correlation coefficients support its theo-
retical structure (Bruininks and Bruininks, 2005). BOT-2 
theoretical and empirical sources of validity evidence 
concern test content, item fit and clinical group differ-
ences. Content development focused on eliminating less 
effective BOTMP items and identifying new ones, ac-
complished through conducting a product survey and tree 
focus groups. Each new item went through three stages of 
development: a pilot study, a national try out and stan-
dardization. At each stage item analysis was performed 
and user feedback was collected. Strong relationships 
between the BOT-2 and other tests [PDMS-2, BOTMP, 
TVMS-R (Test of Visual Motor Skills – Revised (Gard-
ner, 1995)] provide additional evidence for validity of the 
changes made to improve measurement. 

 
Normative data and origin of the motor assess-
ment tools 
 
When using a motor development test in an educational 
setting, a reference is needed to rank the performance of a 
child. However, prudence is recommended because the 
normative data are often based on small samples, are 
rather old or aim at motor deficiencies rather than motor 
capacities. Table 5 shows information on the normative 
data, along with the authors and the origin of the tool 
(country),  the  specific  age range, the number of children  
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Table 5. Normative data. 
Test Author Year Origin Age band n  Sample 
MOT 4-6 Zimmer and 

Volkamer 
1987 Germany 4:0 - 6:11 548 Preschool, Germany 

Elementary school, Germany 
M-ABC 
(original) 

Henderson, S.E. 
and Sugden, 
D.A.  

1992 USA  4:0 - 12:11 1234  
4-6: n = 493,  
7-8: n = 264,  
9-10: n = 257, 
11-12+: n = 220 

American children (demo-
graphic, origin and gender) 

M-ABC 
(Dutch) 

Smiths-
Engelsman 

1998 The Netherlands 4:0 - 12:11 549  
4-6: n = 179,  
7-8: n = 141,  
9-10: n = 139, 
11-12+: n = 70 

Dutch children, Physiothera-
pist administrators, The 
Netherlands 

PDMS 2 
 

Folio and Fewell 
 

2000 USA 0-6:11 2003  Representative of US popu-
lation (1997-1998), Thera-
pist administers 

KTK Kiphard and 
Shilling 

1974 Germany 5:0-14:11 1128 Elementary /high school and 
remedial school, Germany 
(1973-1974) 

TGMD-2 Ulrich 2000 USA 3-10:11 1208 American children (demo-
graphic origin, race and 
gender) 

MMT Vles, Kroes and 
Feron 

2004 The Netherlands 5-6 800 Regular elementary schools, 
The Netherlands 

BOT-2 Bruininks and 
Bruininks 

2005 USA 4-21 
 

1520  
4-6: n = 510 

US population of 2004 - 
2005 (sex, race/ethnicity, 
socioeconomic status, and 
disability status) 

 
in the sample and sampling method. Most motor devel-
opmental assessment tools in this review have normative 
data that are only representative for the US population. 
Some of the data differentiates for ethnicity, race, gender, 
etc. Only the Movement-ABC test has relatively recent 
normative data for European children. The KTK and 
MOT 4-6 and the MMT tests also provide normative data 
for European children. Some of these data have as a mi-
nus point that they are rather dated and limited because 
they were mainly used in the country of origin (See Table 
5).  
 
Critical considerations on the use of motor as-
sessment tools 
 
The most fundamental criticism on movement skill as-
sessment tools is that they do not have the same psycho-
metric quality as tools used to assess cognitive develop-
ment (Netelenbos, 2001a; 2001b). According to this au-
thor, there are five main reasons for this particular short-
coming. First, cognitive development is considered the 
most important developmental goal and since there is 
limited evidence that information on movement skill 
development supports a better understanding of cognitive 
development, the interest in movement skill development 
is limited. Secondly, PE is often not valued as high as 
other subjects. Third, there is no evidence for the exis-
tence of undivided motor capacity. Measuring a large 
number of items using simple tasks might be a possible 
solution, but will become too time consuming. Fourth, 
possibly contradictory results on gender differences do 
not stimulate the creation of gender neutral, reliable and 
valid assessment tools. According to Netelenbos (2001b) 

gender differences emerge at eleven or later, but not all 
authors agree with this statement. For example; Pendersen 
et al. (2003) and Ulrich (2000) report on clear gender 
differences for gross and fine movement skills and Van 
Waelvelde et al. (2003) state it is a shortcoming of many 
movement tests for children not to offer separate norms 
for boys and girls. Finally, there are great discrepancies 
between children of the same age range. Especially when 
total test scores are used for analysis, a test user should be 
aware of possible low correlation between different motor 
tasks. There are no specific age norms for the acquisition 
of FMS. The complexity of movement skills assessment 
reflects a multifactor identity of the motor system, the 
possible presence of gender or cultural differences and the 
large variance within children of the same age. In a diag-
nosis process the use of more than one assessment tool is 
recommended (Netelenbos, 2001b). 

Table 6 shows strengths and weaknesses of the dif-
ferent movement skill assessment tools for use with typi-
cally developing children in a preschool research setting. 

Many different factors influence the choice of a 
movement assessment tool. To make a selection of the 
test(s) that will be used in educational research settings, 
the following criteria should be considered: 

- purpose of assessment: general motor proficiency, 
fine motor or gross motor proficiency assessment, 
prevalence of motor impairment; 
- age specificity and appropriateness of the test; 
- simplicity of the test (instruction and demonstration 
should be short and simple); 
- training easiness of examiners and observers;  
- cultural similarity between norm and test group; 
- proportion of tested items in relation to test time. 
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Table 6. Strengths and weaknesses of the assessment tools for use in educational research for preschool children. 

 
The overview of normative data underlines the 

one-sided normative US samples used in assessment tools 
and the scarcity of validity for cross cultural use of the 
tests (See Table 5). The available data are either dated 
and/or based on small age group samples. This supports 
the importance of including European preschool children 
to provide adequate normative data for cross cultural use 
of these tests. The challenges involve choosing appropri-
ate test items because clearly identified differences be-
tween movement skill development of American and 
European children exist and as already mentioned, there is 
a shortage of up to date information on movement skill 
development and performance in Europe (Peerlings, 
2007; Simons and Van Hombeeck, 2003; Vanvuchelen et 
al., 2003). 

 In a research context recommendations for test 
use will depend on the purpose of the study. When the 
purpose is the assessment of preschool children’s general 
capabilities, the use of the MOT 4-6 is recommended. 
When the focus is specifically on stability skills, the KTK 
test would be more appropriate. Further research and 
wider use of the MMT might reveal the potential to be 
used in an educational research setting. When the pur-
pose, however, is assessing the prevalence of motor im-

pairment among preschool children the Movement-ABC 
would be suitable to use. Nevertheless, the sensitivity and 
specificity of the Movement ABC-2 should be further 
investigated. More complex instruments such as the BOT-
2 and PDMS-2, are more appropriate to assess smaller 
groups of children. These tools have a rather time con-
suming nature. Separate scores for fine and gross move-
ment performance are obtained using the PDMS-2 allow-
ing relative differences in gross and fine movement per-
formance of children between birth and 6 years of age 
(Tieman et al., 2005). In agreement with Wilson et al. 
(1995) it can be concluded that BOTMP and its successor 
can be considered useful when changes in performance 
are evaluated. The TGDM-2 needs adaptation to fit in a 
European context because the test is too culturally de-
pendent (e.g. the object control subtest: striking a station-
ary ball and overhand throwing). 

A general remark on the normative samples used in 
the tests is that only small samples for each age group of 
developing children were used. At this age children’s 
FMS develop relatively fast (Netelenbos, 2001a) and age 
categories of 6 months should be preferred to 2 year cate-
gories. 
 

Motor assess-
ment tool 

Strengths Weaknesses 

MOT 4-6 Age appropriate for preschool children 
Appropriate for use in an educational setting 
Short and clear score sheet 
Highly efficient (items tested / assessment time) 
Score refers to general fundamental movement skill performance 
Provides information on skill mastering: both beneath and above skill 
level 

Older normative data 
No recent revision of the test available 
Little information on the test and test results avail-
able in international literature 

Movement ABC  Age appropriate for preschool children 
International normative data is available  
Quantitative and qualitative assessment 
Highly suitable for impairment detection 
Usable in educational setting 
Large amount of studies on the psychometric qualities of the test 

No information of skill mastery above skill level 
Rather low efficiency ( unfavorable proportion of 
items tested versus assessment time),  
Not specifically designed for young children 
 

PDMS 2 Age appropriate for preschool children 
Very detailed assessment instrument 
Subtest composites can be assessed separately 
Provides information on skill mastering: both beneath and above skill 
level 
Inclusion of Qualitative aspects of movement behavior 

Specifically designed to detect deficits / motor 
impairment 
No short form available 
Taking of the complete test is rather long for young 
children 
Absence of normative data on European children 

KTK Quick screening of stability skill 
Still considered as very reliable and highly valued for its accuracy 
and standardization (Simons, 2004). 

Older normative data 
Less age appropriate for the assessment of pre-
school children One-sided information on move-
ment skill development (balance) 

TGMD-2 Age appropriate for preschool children 
Inclusion of qualitative aspects of movement behavior  
Emphasis on object control movement skill development 
Provides information on skill mastering: both beneath and above skill 
level 

Does not evaluate fine nor stability movement skill 
development 
For Europe the battery is not free from cultural 
differences 

MMT Combination of quantitative and qualitative assessment items 
Highly efficient (items tested / assessment time) 
Provides information on skill mastering: both beneath and above skill 
level 

Developed for a very small age range  
Especially designed for the detection of ADHD 

BOT-2 Age appropriate for preschool children 
Very detailed assessment instrument 
Subtest composites can be assessed separately 
Short Form assessment for general movement skill development 
available 
Provides information on skill mastering: both beneath and above skill 
level 
Inclusion of qualitative aspects of movement behavior 
Large amount of evidence on psychometric qualities of the test  

Emphasis lies on detection of deficits 
Absence of  European normative data  
Complicated to receive a test kit 
Standardization of examination is rather difficult 
Taking of the complete test is rather long for young 
children 
A large test room is needed for the running item  
Confusing score sheet  
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Conclusion 
 
In conclusion, the primary goal of most of the reviewed 
instruments is to detect deficiencies in movement skill 
development. Most of the studies using these tools hardly 
discuss the variation in motor skill development of typi-
cally developing children and most of the data on typi-
cally developing children have been gathered by profes-
sionals educated for the detection of irregular motor be-
havior. A suggestion for further research is that PE teach-
ers are also involved in normative data collection. 

However, the goal of early detection can only be 
pursued if the there is a precise and up-to date description 
of typical movement skill development and performance 
of a particular population. Therefore, it is just as impor-
tant that long term follow up of FMS development is 
performed and continued, and that well considered meas-
ures are taken to enhance FMS development. 
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Key points 
 
• This review discusses seven movement skill assess-

ment tool’s test content, reliability, validity and nor-
mative samples.  

• The seven assessment tools all showed to be of great 
value. Strengths and weaknesses indicate that test 
choice will depend on specific purpose of test use.  

• Further data collection should also include larger data 
samples of able bodied preschool children.  

• Admitting PE specialists in assessment of fundamen-
tal movement skill performance among preschool 
children is recommended.  

• The assessment tool’s normative data samples would 
benefit from frequent movement skill performance 
follow-up of today’s children.  
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