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CHAPTER 1

Physical education in primary school is mainly about improving motor skills. Hence, an 

important aspect of the physical education process revolves around the ability of the 

Physical Education (PE) teacher to evaluate gross motor skills of children. This is important 

in order to optimize the content of the lessons to both the actual skill level of the children, 

and the required skill level. Therefore, it is important to evaluate progress in skill levels on 

an individual level and on a group level. So, the key question of this thesis is how to evaluate 

gross motor skills in the Physical Education context.

Before continuing, it is essential to have a clear understanding of the concept of gross 

motor skills. Gross motor skills are skills that require large muscle movements, involving 

the coordination of the arms, legs, or whole body.1 Fundamental Movement Skills (FMS) 

are a type of gross motor skills and consist of basic movement patterns that are considered 

foundational for more complex movements and context specific skills such as sport specific 

physical activities.2–4 These FMS are acquired during childhood and classified into object 

control, such as throwing, catching, and dribbling; locomotor skills, such as walking, running 

and hopping; and balance, such as stability skills. This definition, by Gallahue et al.,5 is a 

broad and a commonly used description.6

Although the concept of FMS as a specific type of gross motor skills is commonly used, there 

is some debate about replacing the term ‘fundamental movement skills’ into a broader 

‘foundational movement skills’.7 There is less discussion about the definition of gross motor 

skills, which make gross motor skills a more stable and time-independent term. Hence, in 

this thesis we will most often us the term ‘gross motor skills’.

Now, do physical education teachers need objective instruments in order to make an 

accurate assessment of children’s gross motor skills? Or is their educational background and 

experience sufficient for eyeball estimation? How precise is the PE teacher’s carpenter’s 

eye regarding children’s gross motor skills? What is the value of their gut feeling about 

this crucial part of a healthy development? In other words, how necessary is an objective 

measurement for gross motor skills within the PE setting? The title Gymmermansoog stands 

for the PE teacher’s ‘carpenter’s eye’, and is the merging of the Dutch words for ‘PE teacher’ 

and ‘carpenter’s eye’. The answers to these questions, the assessment of clinimetric 

properties of the 4-Skills Scan, and analyses on how the monitoring of gross motor skills can 

contribute to an improved quality of PE, are the core elements of this thesis.
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General Introduction

1

Background

Motor development is an important aspect of the healthy development of children.1,2,8,9 

However, nowadays, many children in primary education miss sufficient outside playtime 

that enables the exploration of their physical capacity on a daily basis.10,11 The WHO reports 

that, in the Netherlands, only 56% of children aged four to eleven years old are considered 

physically active enough.12,13 Other studies show that, from 2001 to 2017, the percentage 

of children (4-11 years) that adhere to the Dutch physical activity guidelines of at least one 

hour of moderate-intensity daily activity slightly increased, from 40% to 46%.14,15 

This relative lack of play, exercise, and sports leads to fewer new motor challenges and, 

consequently, less experience in solving motor problems. It is therefore not surprising that 

a secular downward trend in the mastery of gross motor skills of children is observed,16 and 

generally lower levels of neuromotor fitness, including muscle strength, flexibility, speed of 

movement, and (motor) coordination are found.16 

Mastering gross motor skills is an important factor in enabling the development of a healthy 

and active lifestyle. Physically active children tend to develop into physically active adults.17–22 

There is a significant amount of literature on the positive relation between motor skills and 

other aspects of a (future) healthy development, such as physical activity and fitness,23–26 

mental and social well-being,27 self-perception and self-worth,28 cognitive development,29 

sports participation,30 and other health benefits.9 In short: acquiring gross motor skills 

during the primary school period is an important factor for a healthy adult lifestyle.

The	Role	of	Schools

Schools are increasingly considered as a key setting for prevention and promotion of physical 

activity.31–33 There is increased attention for the role that schools, and particularly PE, can 

play in the healthy development of children. The role of PE on a healthy development is 

versatile considering the relationships between physical activity, gross motor skills, and 

other aspects of a healthy development.2,9,28,29,32–34 

Figure 1 provides a visual representation of the positive chain that PE can effectuate. 

Better gross motor skills could induce higher enjoyment of physical activities,35 leading to 

increased physical activity and inducing a positive change in BMI.36 Thus, it is suggested 

that acquiring gross motor skills could play a key role in adopting a more active and healthy 
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lifestyle. Research shows that the preeminent time for acquiring Fundamental Movement 

Skills (FMS)5 is the primary school age. Although it is difficult to pinpoint a specific age 

at which children are particularly receptive for acquiring FMS, there is consensus that 

acquiring FMS happens before puberty.2,3,37,38 The transition phase from “fundamental 

movement patterns” to the more goal-directed and adapted to the environment “context-

specific motor skills”, happens during the years spent in primary school.3 This is why PE, 

especially in primary school, plays such a significant role in the process of developing gross 

motor skills.

Figure 1. High quality physical education is related to better health, and a more healthy and active 
lifestyle. A model visualizes how gross motor skills could interact with factors that determine health.

 
Physical	Education	and	Physical	Activity

Physical education and physical activity are both important for the healthy development 

of a child. However, there are distinctive differences regarding their purpose and learning 

objectives.39 Physical activity and exercise both have a rather narrow definition. Physical 

activity is defined as: “... any bodily movement produced by skeletal muscles that requires 

energy expenditure”40,41. Exercise is seen as a subcategory of physical activity that is 

“planned, structured, repetitive, and purposeful in the sense that the improvement or 

maintenance of one or more components of physical fitness is the objective”.33
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In Physical Education (PE), the change of (motor) behaviour is important. Sharman42 

describes physical education as “...that part of education which takes place through activities, 

which involves the motor mechanism of the human body which results in an individual’s 

formulating behaviour patterns”. Barrow43 states that PE is “an education of and through 

human movement where many educational objectives are achieved by means of big muscle 

activities involving sports, games, gymnastic, dance and exercise”.

These definitions show that PE is rather related to learning and involves outcomes such as 

physical, mental, emotional, and social development,44 as well as more specific motor skills. 

These definitions also imply the involvement of PE teachers who are licensed to design 

a structured PE curriculum, with age-related sports and exercise components, aiming at 

learning outcomes such as gross motor development.33,45

Motor skill development in children is enhanced if the content of PE lessons is matched to 

the children’s ‘world of experience’, and therefore should be aligned with each child’s ‘zone 

of proximal development’.46 This means that children should participate in activities that 

“are fun and appropriate for their age, including unstructured sports, play and exercise”.33 

This way, children will be challenged and advance their motor problem solving capacity.

Physical activity, sport, exercise, and play activities can be parallel events, or extensions of 

PE during which children continue to practice and experience whatever is learned during 

PE classes. This emphasizes the significant role of PE and motor skills in enjoying and 

participating in PA (see Figure 1), and why children should participate both in PE and PA.33

According to the 2016 SHAPE of the Nation report, conducted by the Society of Health and 

Physical Educators, the American Heart Association and Voices for healthy kids,33 “Physical 

education programs are a meaningful contributor to the development of healthy, active 

children and provide the safe, supervised, structured environment.” This is an important 

consideration, especially given the idea that learning is a cumulative process. It means that 

a well-designed PE curriculum supports the cumulative motor learning process of children.47

In contrast with optional PA leisure activities, all children participate in PE that is embedded 

within the school curriculum. This means that current policy makers and health institutions 

tend to look in the direction of schools and the PE context when it comes to preventing 

sedentary behaviour and the promotion of physical activity.31,32 This is important, since an 

active and healthy lifestyle is not merely an individual matter, but as the WHO describes 

it: “Increasing physical activity is a societal, not just an individual problem”. Therefore, 
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“increasing levels of physical activity demands a population-based, multi-sectoral, multi-

disciplinary, and culturally relevant approach”.41

Motor Development and Motor Learning

Before discussing what PE could mean for gross motor skill development and assessment, 

we must start by clarifying the definition of motor development and motor learning.

Multiple definitions of motor development can be found in literature.48 Haywood & 

Getchell8 define motor development as “the sequential, continuous age-related process 

whereby an individual progresses from simple, unorganized, and unskilled movement to 

the achievement of highly organized, complex motor skills and finally to the adjustment of 

skills that accompanies aging”. Another common definition of motor development reads: 

“changes in motor behaviour which reflect the interaction of the maturing organism and 

its environment”.49 This process of motor development is typically ascribed to growth and 

maturation.8,50 These definitions suggest that one can speak – at least to a certain extent – of 

universal motor development patterns. However, a direct relation to age is not mentioned.51 

This is different from motor learning, which is seen as a relative permanent change in motor 

behaviour as a result of experience, practice, and learning.52 Although they take place in a 

different timescale, both processes induce qualitative changes in motor behaviour. These 

terms may not be interchangeable, but there is a certain degree of overlap in the meaning 

of both processes that are described therein.48

In an effort to subdivide motor development in several stages, referral is made to the 

“mountain of motor development”.3 In this model, five stages of motor development are 

identified, which are “age related but not age determined”.3 “Context specific motor skills” 

is one of the five stages in which children learn to apply fundamental movement patterns 

in a variety of situations.3 The sensitive period for acquiring these FMS is in the age range 

of 7 to 12 years.3 The mountain of motor development is a helpful model to understand 

motor development. However, it is difficult to make a sharp distinction between these 

periods of development. The timeline differs from person to person and “what one person 

may consider ‘fundamental’ may be different to another person within a different context” 

(Barnett et al., 2016)2. This is important to note, especially for group-based learning such as 

during PE lessons.
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In summary, interaction with a rich sports and exercise environment is of crucial importance 

to development and the learning of gross motor skills. The creation of such an optimal 

environment can happen in and around the school setting, in which the PE curriculum plays 

an important role. PE has both short-term learning objectives and long-term purposes, 

such as the contribution to a healthy (motor) development. In this thesis, the term ‘motor 

development’ will generally be used to describe a permanent change in gross motor skills.

The	Contribution	of	Physical	Education	to	a	Healthy	Motor	
Development

PE teachers can contribute to a rich play and exercise environment that creates affordances 

for each individual to learn. High quality PE not only focuses on gross motor skill 

development, but also on other related and necessary developmental aspects, such as 

social-emotional skills and well-being, physical fitness, coping with winning and losing, and 

enjoyment of sports and exercise.33,34,45,53 In a review study by Bailey,34 it was found that 

PE can contribute to children’s development in the physical, lifestyle, affective, social, and 

cognitive domains. Extra PE has, to a certain extent, added benefits for fitness, academic 

performances, memory and behaviour, even when the extra PE hours are at the expense of 

other disciplines.54

The	Role	of	the	Physical	Education	Teacher

PE teachers see the children on a weekly basis throughout the school year and have the 

broad responsibility of coaching, supporting and monitoring the motor development of 

children. The rationale for monitoring and testing gross motor skills within the PE setting 

is multi-fold. First, it enables the PE teacher to adapt the PE lessons in terms of diversity 

and difficulty, so that it matches each pupil’s “zone of proximal development”.46 Second, it 

allows for evaluating the effectiveness of the PE program, a given series of lessons or the 

learning output, in a comparable fashion as in other disciplines in (primary) education. By 

linking the test results to the learning objectives of the PE lessons, the PE teacher receives 

feedback on the quality and effectiveness of their PE program. Other than by observation, 

this creates an objective feedback loop for PE teachers, which generally lacks in the PE 

context, but would be beneficial to the field of PE and which would reinforce a higher level 

of professionalism. Third, monitoring individual gross motor skill development enables the 

recommended early detection of derailed or delayed motor development.38 Consequently, 
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certain test outcomes can then be accompanied by a choice of follow-up trajectories, within 

or outside the school. In collaboration with the Preventive Child Health Care (PCHC), motor 

test outcomes are indicative for further assessment of the child and follow-up after a referral 

to a PCHC physician, general practitioner, or pediatric physiotherapist. This implies that the 

individual motor test results obtained by the PE teacher are valuable in the communication 

with other professionals. Such evidence-based practice puts PE teachers in a new role, with 

new additional tasks, whereby the monitoring of gross motor development of the children 

may spawn follow-up actions.  Thus, gross motor test results generated by the PE teacher 

can be used in communication and as a decision-making tool for the start of a follow-up 

trajectory or referral to the general practitioner or PCHC physician, for further assessment 

of children who’s motor skill development seem to be delayed.55

Although optimizing learning possibilities by well-designed lessons have always been a core 

task for PE teachers, actively testing and monitoring gross motor skills, and communication 

with health professionals about the results, might be new for many.

A	Short	History	of	Trends	in	Physical	Education

Over the past century, the perception and purpose of PE in the primary school setting has 

changed. Trends in PE are continuously shifting and changing, which was already described 

in 1929.56,57 PE lessons largely consisted of drilling and exercising; gradually, games, sports 

and athletics; and later on play and recreation became more predominant. During the same 

era, Elliot58 also described a shift in focus from PE as a muscle builder and corrector of 

deformities to a wider aim. PE had become “an educational agent, a builder of organic 

power, of personality through the exercise of the instincts and emotions and of self-directing 

individuals equipped for a happy and healthy living”. Neilson59 added “health education”, in 

terms of a “healthy body, healthy mind, and healthy character”, to the objectives of PE. In 

addition, Neilson59 addressed the educational contribution of an in-school PE curriculum and 

emphasized that “physical education activities do not clash with, but are supplementary to 

academic work”. In 1938, Trilling60 stated that PE is mainly about well-being. As the change 

of trends in PE continued, in 1964, Swegman61 noticed a renewed focus on physical fitness 

and physical development, and the testing of physical fitness. In 1972, Boyer62 pleaded 

for a stronger focus on cardiovascular endurance fitness rather than muscular strength. 

Interestingly, the aim to contribute to ‘motor development’ was not always at the forefront.
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Whichever the current trend, PE needs clear objectives and aims for both teachers and 

pupils to work towards. Also, short-term learning goals during PE lessons should be clear and 

well-communicated to students.63 Rink64 and McEvoy, Heikinaro-Johansson, and MacPhail65 

pointed out that there is still no consensus on the learning outcomes of PE. “Motor (power) 

function” as Barber66 called it, has been regarded as an important aspect of PE for a long 

time and was already mentioned in the ‘Modern aspects of physical education’ by Barber in 

1923.66 Fundamental movement skills and gross motor skills are nowadays still considered 

important focus points in PE.2,33 And as the positive – and sometimes causal – relation 

between gross motor skills and other aspects of a (future) healthy development, such as 

physical activity and fitness,23,24,26 mental and social well-being,27 self-perception and self-

worth,28 and cognitive development,29 became more evident, measuring gross motor skills 

in primary school children became more common.

As early as in 1926, Brace67 stressed the importance of (performance-based) testing in the 

PE practice. Some constructs deemed eligible for measurement, such as ‘motor ability’, 

‘physical fitness’, ‘physical capacity’, ‘technique’ and ‘knowledge’. However, Brace also 

pointed to the lack of uniformity and conceptions in the field of PE, creating an instable 

basis for developing these tests.

Many early ideas and perspectives on PE still persist. The view of what PE, and its main 

objective, should be differ between cultures and era’s.68 Currently, there is a shift towards 

a more individual and differentiated goal setting and towards a greater amount of testing 

and monitoring of PE learning outcomes. On the other hand, opposing arguments are being 

made as well. For instance, Webb, Quennerstedt, and Öhman69 describe the downside of 

the mainstream trend of ‘creating’ healthy bodies.  

The field of physical education has been developing continuously throughout the last 

decade, and there is awareness of, and a demand for, assessing learning outcomes and 

the effectiveness of the PE curriculum. PE is no longer considered to be dispensable by 

nature, but is increasingly seen as a learning subject.2,32,63,64,70–73 With a clearer focus on 

the purpose of PE lessons comes the question whether or not those goals are met and, 

hence, a need for evidence-based practice. We are in the middle of a transition from 

practice based to evidence based PE. Currently, the field of PE is faced with the challenge 

of finding measurement instruments that give meaningful information and insight in 

learning outcomes on an individual level and –at the same time – are suitable for the PE 
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context. While other health- and sports-related fields completed a shift from practice-based 

evidence to evidence-based practice over the last twenty years,74–76 the field of PE is in the 

middle of this process.77

Theoretical	Model

Motor Development Theories

There is a reasonable amount of literature and a variety of theories with regard to 

(gross) motor development, and over the last hundred years the nature-nurture debate 

predominated in the most popular and defining theories.

During the first half of last century, ‘nature’-theories were dominant. For instance, Gesell78 

presumed that the sequence of one’s motor development was pre-defined and genetically 

inherited.79 Training and teaching children new motor skills was only useful after they were 

developmentally ready for that. The maturational theory of child development by Gesell78 

is not applicable to all children. It provides little explanation for interpersonal differences 

in motor development, and the role of the environment is limited to the support of the 

“autonomous unfolding of potential”.80

Later, theories emerged with a stronger emphasis on the ‘nurture’ aspect. In both Schmidt’s 

schema theory on motor learning81 and Edelman’s theory of neuronal group selection,82 the 

significance of practice and experience for development and learning is a central theme.82,83 

In this regard, the acquisition of FMS and gross motor skills is a result of motor development 

and motor learning. There is potential for development, and motor skills can therefore be 

regarded as a state construct.

Nowadays, very few scientists exclusively adhere to one end of the nature-nurture 

continuum.84 As a neurophysiologist, Bernstein85 approached motor development from 

a different angle. Bernstein sees motor development as harnessing the many degrees of 

freedom in human movement.85 This perspective brought a gamut of practice opportunities 

and possibilities, which are still very relevant today.

According to Hadders-Algra,86 two of the most popular modern theories are the 

dynamical systems theory and the theory of neuronal group selection. The dynamical 

systems theory79,87–91 pays more attention to the interaction between individual biological 

characteristics and the environment in relation to motor development.83 According to the 

dynamical systems theory, development is the result of everyday individual experience in 

relation to someone’s own environment, causing a child to develop what its environment 
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demands. What previously appeared to be an inherited unfolding of potential might 

however be the result of practice, exercise, and learning experiences.

The application of the non-linear dynamical system approach to motor learning brought new 

understanding to the theoretical framework of motor development.80,86,87,89–93 And although 

new scientific insight finds its way into the PE practice slowly,55,77 non-linear dynamical 

system based training methods holds a promise for (even) higher PE effectiveness.

Finally, contemporary theories regarding motor development state that there is not one 

single and universal pattern in motor development that applies to all children. The fact 

that there are multiple patterns in motor development94 makes it difficult to assign specific 

motor skills to a certain calendar age.

Motor Development and Related Factors

Motor skills acquisition is a complex process that involves many inter-related influencing 

factors. Since (gross) motor skills are a result of practice and learning, factors such as play, 

physical exercise, PA, sports, and exercise at a very young age play a role.26 Interaction with 

the environment provokes new behaviour and provides learning possibilities.91

In addition, it appears that children who regularly and consistently participate in organized 

sports activities have significantly higher motor competence levels. Organized sports 

participation was found to be a predictor for motor skills two years later.30 This underlines 

the importance of organized sports participation as well as that of PE, since PE is an organized 

learning environment led by a professional. Creating affordances in the environment for 

every child by creating rich sports and exercise environments is a specialism of PE teachers. 

Nevertheless, factors such as increased screen-time and less exercise95,96 may have 

contributed to a secular trend of a delayed development of gross motor skills.16,97 One could 

say that there is a shrinking influence of ‘nurture’ at a population level.

Testing	Motor	Skills

As discussed above, acquisition of gross motor skills is important, and PE teachers can play 

a considerable role in supporting an optimal development. Also, the rationale for testing 

motor skills have been discussed in paragraph ‘The role of the PE teacher’. So, how exactly 

can gross motor skills be assessed during PE lessons? In a motor skill test, one measures the 

outcome of an executed task. This can be the time standing still or the distance jumped.

When it comes to testing gross motor skill, there are many tests to choose from.98 The choice 
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for a gross motor skill test is often based on the context of use, the assessment time and the 

costs involved.99 For objective assessment, a performance-based outcome is usually opted 

for. For a motor skills test designed for children, it is important to cover the child’s ‘world 

of experience’. However, this does not mean that a fundamental motor skills test should 

consist of ‘activities of daily living’ (ADL).2 A theoretical model as offered by Gentile,100 in 

which 16 different types of movement tasks can be defined, can be of value in developing 

motor skills tests. This taxonomy represents a static or dynamic environment, with a static 

or moving individual, with or without object manipulation. For example, several elements 

of Gentile’s taxonomy have been used for the development of the Movement Assessment 

Battery for Children (MABC).98,101

Figure 2: Testing-time for motor skill tests for primary school children for different motor skill tests.
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The question of how to best measure gross motor skills is a difficult one to answer. There are 

multiple motor skill tests found in the literature, although their applications vary in terms 

of target population, used construct for gross motor skills and context of use.99 Apparently, 

there is no real gold standard.

The clinical practice is rich in motor skill tests, especially for children.102 However, few are 

developed for the PE context. A first approach could be to look for tests that are available in 

the clinical practice and apply these in the PE context. However, monitoring and screening 

motor skills during PE classes require other test characteristics than those designed for the 

clinical setting where children are tested individually. The so-called ‘context of use’ puts 

different demands on a PE gross motor skill test. In the PE context, PE teachers need a tool 

that is capable of identifying the status of each child’s gross motor skills in relation to that 

of the population, and that is applicable to a group consisting of up to 30 children at the 

same time. However, to apply a gross motor skills test in class, it must be applicable with 

a minimum of disruption of the PE lessons, whereby in a short time meaningful results 

are gathered. Furthermore, training of the PE teacher to apply the test should not be too 

extensive.

Very few motor skill tests are feasible for the PE context and most (gross) motor skill tests 

are used in some sort of controlled ‘laboratory’ setting where a child is tested individually. 

Often, an expensive toolkit is used with specific test materials. Also, a long assessment time 

limits the applicability in the school setting.103 Figure 2 provides an overview of the most 

common motor skill tests. Testing-time per child ranges from less than a minute to one hour. 

One of the most well-known motor skill test is the MABC-2,104,105 which originates from the 

MABC-1,101 and is  seen by some as an alternative to the gold standard. This test is designed 

for children of 3 to 16 years old. Many studies have used this test for both cross-sectional 

and longitudinal studies.106 The MABC has its origin in the Test of Motor Impairments-

Henderson Revision (TOMI-H),107 which dates back to 1972.108 The KörperkoordinationsTest 

für Kinder (KTK) is another well-known gross motor skills test that has been in use for a 

long time.109,110 The Bruininks-Oseretsky Test of Motor Proficiency 2 (BOTMP-2)111,112 is an 

extensive 53-items motor skills test, designed to detect mild to severe motor coordination 

problems in children aged 4 to 21 years old. There is also a shorter, more feasible version of 

the BOTMP-2, consisting of 14 test items. The Baecke-Fassaert Motor Test (BFMT) is used 

in the Netherlands by PCHC-professionals for assessing both gross and fine motor skills 

for children age 5 to 6.5.113–115 Then there is the Test of Gross Motor Development (TGMD-

2)116,117 and the Peabody Developmental Motor Scales-second edition (PDMS-2).118
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New motor tests are also still being developed. In 2004 the Maastricht Motor Test (MMT) 

was designed for testing qualitative aspects (36 test items) in addition to quantitative 

aspects (34 test items), of gross motor performance for children aged 5 to 6 years old.119,120 

In addition, the KTK received an update in 2007.

During the last decade, in which the transition to evidence based PE practice accelerated, 

gross motor skill tests, specifically designed for the PE context of use, were developed. 

Herrmann, Gerlach, and Seelig121 for instance, developed the MOBAK test, which is 

specifically designed for the PE context. Although this test mostly requires equipment that 

is generally available in most sports halls, specific material from a test-kit is also needed. 

POLYGON, another motor skill test for 8 year-old children, was designed for the PE setting.122 

With the intention to create a fast and friendly test setting, obstacle courses have also been 

developed. Longmuir et al.,123 for example, validated a new Canadian Agility and Movement 

Skill Assessment (CAMSA) obstacle course, which can be used in the school setting. In the 

Netherlands, motor skill tracks have been developed for the PE setting. The Athletic Skills 

Track (AST) has been found reliable with test-retest reliability ICC’s ranging from 0.802 to 

0.881 for children 4 to 12 years of age.124 In comparison with the KTK, the AST has been 

found valid with correlation coefficients ranging from 0.469 to 0.767 for children of 4 to 12 

years old.124,125 The 4-Skills Scan is another example of a gross motor skills test developed 

specifically for the PE context, which only uses generally present testing equipment available 

in every sports hall. This test determines the development of gross motor skills by means of 

a short and standardized evaluation. However, the 4-Skills Scan has never been scientifically 

evaluated on reliability and validity.126,127

Age-Appropriate	Motor-Milestone	Testing

Establishing the level of motor skills in terms of ‘reached milestones’ is difficult, especially 

with older children. Contemporary theories regarding motor development do not fully 

support the idea of a predetermined order of acquiring gross motor skills at a predetermined 

age. Yet, age-appropriate motor skill testing based on a milestone can be a very practical, 

useful and legitimate way of testing motor skills, provided that a test is validated for the 

target population, since milestone achievement can be culture-, ethnicity- and population-

specific.128–130 Since most tests were developed in Western countries, application for non-

Western countries could require cross-cultural validation, leading to culture specific norm 

scores. The merit of the ‘milestone’ approach and whether or not it is possible to calculate 
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a level of motor ability (motor age) apart from calendar age will be discussed in chapter 2.

The 4-Skills Scan is largely based on the milestones theory, with the underlying idea of 

unfolding motor skills during development in a certain sequence.78,126,127,131 The 4-Skills Scan 

(Figure 4 & 5) can be seen as a continuation of picturing motor skills in terms of milestones 

achieved. This is a method often seen to describe the motor skill development at a younger 

age, such as the infant motor development sequence from Shirley132 (see Figure 3) and 

the recently developed Malawi Developmental Assessment Tool (MDAT) from Gladstone et 

al.133 (Figure 4) 

Figure 3. Motor milestones skills for the ages of 0 to 15 months. Source: Shirley132
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Figure	4. “Normal reference values for gross motor milestones” for the ages of 0 to 6 years. The 
Malawi Developmental Assessment Tool (MDAT). Source: Gladstone et al.133

Figure 5. The 2007 paper version of the 4-Skills Scan.127
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CHAPTER 1

Study	Aims	and	Outline	of	the	Thesis

This thesis covers several elements of the entire ‘Gymmermansoog’ research project. 

In setting up the research project ‘Gymmermansoog’, a representative open cohort 

of Amsterdam primary school children started in spring 2014 under the project name 

‘Measuring Motor Skills of children in Primary Education’ (MAMBO). This served as the main 

peg for this research project and other PA, PE, and motor skills related research projects.

The choice for the 4-Skills-Scan was in part a practical one. In Amsterdam and large parts of 

the Netherlands, the test is commonly used in schools. Importantly, the test is also used by 

the municipality of Amsterdam as part of “Jump-In”, a healthy lifestyle support program for 

primary schools in Amsterdam.134 This resulted in a good collaboration with the municipality 

and a rapid implementation of study results into policy.

In this thesis, the 4-Skills Scan is evaluated and the validity and reliability of the 4-Skills Scan 

in the PE setting is addressed. For decades, PE teachers in the Netherlands have been using 

the 4-Skills Scan to monitor and test gross motor skills at primary schools. However, the 

quality of this test had not yet been subjected to research with scientific standards before. 

The possibilities for using the 4-Skills Scan for triage for children with motor delays will also 

be studied; as well as the concurrent validity of the test results with the metrics used by the 

Preventive Child Health Care.

Research	Questions

1. What are the test characteristics of the 4-Skills Scan (such as subscale gradation, 

ceiling effect, success rate, and internal consistency)? And what is the value of the 

concept ‘motor age’?

2. What is the test-retest reliability and inter-rater reliability of the 4-Skills Scan?

3. What is the concurrent validity and discriminative ability of the Baecke-Fassaert 

Motor Test, the 8-Skills Scan, and the 4-Skills Scan, for 5-year-old children? And 

what is the concordance between the total motor score, gross motor score, and 

fine motor sub-scores within and between these tests?

4. What is the construct (gold standard) and concurrent validity of the 4-Skills Scan 

(version 2007) and its updated version (4-Skills Scan 2015)?

5. What are optimal cut-off values of the 4-Skills Scan for a trichotomous categorization 
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(sufficient, mediocre, and insufficient) of motor performance, and what is its 

discriminative power?

Chapter 2 gives insight into the basic test characteristics of the 4-Skills Scan, and places the 

4-Skills Scan into context among the variety of other motor skill tests.

Chapter 3 focuses on the inter-rater and test-retest reliability, and the accuracy of 

measurement.

Chapter	 4	 and	 5 include two studies that provide perspectives on the validity of two 

versions (version 2007 and version 2015) of the 4-Skills Scan for 5-year-old and 6 to 12-year-

old children. In order to be all-encompassing, comparisons have been made with the 

Baecke-Fassaert Motor Test (BFMT), which is used by the Dutch Preventive Child Health 

Care (PCHC), the MABC-1, MABC-2, and an expert panel that consisted of three different 

groups of health professionals. This, with the purpose to assess whether the 4-Skills Scan is 

a useful tool for monitoring purposes at group level, as well as for early detection of motor 

skill development problems at an individual level. In order to be able to start follow-up 

trajectories, chapter 6 focuses on investigating optimal cut-off values that labels the motor 

performance as ‘green’ (normal motor development), ‘orange’ (mild motor delay), and ‘red’ 

(severe motor delay) to give clear indicators for gross motor skill performance.

Chapter 7 (epilogue) concludes with an overview of the main findings, supplemented with a 

reflection on methodological issues as well as the strengths and limitations of the conducted 

studies. Finally, a perspective is given on practical implications and future research. 
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Abstract

The 4-Skills Scan is an instrument for physical education teachers to assess the gross motor 

skills of elementary school children. The test score ‘motor age’ is compared to the age-

expected motor skill performance and quantifies the gross motor skill level of a child. Little 

is known about the test characteristics of the 4-Skills Scan. Therefore, the aim of this study is 

to get insight into the ‘motor age’ concept and to examine the step-size magnitude between 

difficulty levels, ceiling effect, success rate, and internal consistency.

The 4-Skills Scan was applied on 4,691 Dutch 5-12 years old children within 25 primary 

schools in Amsterdam.

Motor age shows a linear relationship with calendar age for the age-range 5-10, with 

β-coefficients ranging from 0.72 to 1.03. For children of 11 years old and beyond, a ceiling 

effect was apparent that affects this linear relationship. Success rates on test items were 

stable at most ages. However, for the ages 8, 10, and 12 success rates were lower since, for 

these ages, no difficulty levels were developed. With a Cronbach’s α of 0.75, the internal 

consistency is acceptable.

With its ‘context of use’ for physical education, this instrument can be considered as a 

practical instrument to assess children’s gross motor skills levels. It may be suitable for 

monitoring the gross motor skills of children within the school setting.

Keywords: motor skill assessment, motor testing, primary school children, physical 

education, motor behavior, motor control
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Introduction

Gross motor skills are essential for participating and enjoying a wide range of physical 

activities and sports.1–4 Therefore, the acquisition of gross motor skills is of great importance 

for developing a healthy active lifestyle.2 This is the rationale to appoint gross motor skill 

development as a key focus point in physical education in the primary school.5

Several causes can underlie a delayed development of gross motor skills, with the lack 

of practice being one of these. Since learning motor skills is a cumulative process,6 a lack 

of practice in children with an inactive lifestyle may lead to a further delay in motor skill 

development in comparison to their more active peers. This will in turn hinder physical 

activity participation even more and reduce the chance of developing a healthy and active 

lifestyle.7

Physical education (PE) can play a significant role in the development of gross motor skills8,9 

and there is growing evidence that gross motor skills in children can significantly improve 

from interventions led by PE teachers.10 There are several arguments that underline the 

importance of monitoring (the development of) gross motor skills within the school setting. 

For example, monitoring children’s gross motor development enables the PE teacher to 

attune well-planned series of PE lessons to the motor level of subgroups of children. This 

way, children who face difficulties to keep up with the rest of the class are addressed at 

their own developmental level. In the extension thereof, objectively monitoring progression 

at group level can help to evaluate the effectiveness of a series of PE lessons. Also, 

monitoring enables early detection of children with abnormal or delayed gross motor skills 

development. Early detection of children with a delay in gross motor skills development has 

been recommended11,12 and allows for further assessment by a preventive child health care 

physician, general practitioner or pediatric physiotherapist. This is particularly important as 

around 50% of the children will not outgrow such a delay if left unattended.13

Monitoring the development of gross motor skills during PE lessons poses specific demands 

on the test, and the PE ‘context of use’ comes with particular requirements. Therefore, 

it is important to clarify the test-characteristics that make a gross motor test suitable for 

educational purposes. Most importantly, the test should be 1) valid; 2) reliable; 3) assessment 

should take place within a limited time frame; 4) the test should only use material that is 

already part of the standard inventory of every sport hall; 5) the test should be easy in use, 

and therefore should not require specific training; and 6) the test should avoid subjective 
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interpretations of the motor performance of the child as much as possible.

Many motor tests are designed for a clinical setting and are appropriate for detecting delayed 

or abnormal motor development. The MABC-2, for example, is one of the most used motor 

skills tests to detect impaired motor development, and is the instrument for diagnosing 

Development Coordination Disorder.11,14–16 For monitoring, multiple measurements are 

desired to follow development longitudinally and, for many instruments, responsivity 

for children without motor problems (general population) is unknown. Besides, narrow 

age bands cause discontinuation of the measurement scale which may interfere with 

longitudinal monitoring.11

The 4-Skills Scan is an easy to use gross motor skills test and was developed from practical 

experience for practical use during PE lessons. It contains the majority of above-mentioned 

test-characteristics that are desired for the PE context of use, and it has gained popularity 

among PE teachers in the Netherlands over the past decennium.17 The 4-Skills Scan takes 

considerably less time than many other motor skills tests. For example, the gross motor 

subtest of the Bruininks–Oseretsky Test of Motor Proficiency (BOTMP) takes about 15-

60 minutes, the Test of Gross Motor Development (TGMD) takes about 15-20 minutes, 

the Movement Assessment Battery for Children (MABC) takes about 20-30 minutes, and 

the gross motor scale for the Peabody Developmental Motor Scales (PDMS) about 20-30 

minutes.18 Therefore, within the PE context of use, the 4-Skills Scan can be considered as a 

feasible and relative quick way of assessing children’s gross motor skills levels in the general 

population of children.

Overall, the 4-Skills Scan seems well thought out,17 and many years of use in practice have 

provided experience for how to sequence test items and how to match the difficulty levels 

with calendar age. Until recently, little was known about the clinimetric properties of the 

test. A key element of quantifying gross motor skills is the use of ‘motor age’. For this, 

the achieved motor performance for each subscale is compared to the performance of a 

reference population. A child’s motor age is calculated as the average of the performance 

age for each subscale. The comparison of motor age with calendar age gives a measure of 

the gross motor skills development (i.e. if the gross motor skills are ahead or behind the 

age-expected motor skill performance).

Motor age is an interesting measure. However, the design behind it, with the stepwise 

incremental difficulty level, the success rate (the percentage of success on a test item 

among the children) as an indication of an even magnitude of step-sizes, and the possible 
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occurring ceiling effect, need a closer look. Therefore, the aim of this study is to examine the 

step-size magnitude between difficulty levels, and the test characteristics 1) ceiling effect; 

2) success rate; and 3) internal consistency.

In an additional analysis, BMI and socio-economic status (on school-level) have been taken 

into account for the relationship between motor age and calendar age.

Method

Design,	Setting	&	Study	Population

A total of 25 primary schools participated in this cross-sectional study in 2014. The local 

municipality facilitated recruitment of the participating schools out of the approximately 

230 primary schools in Amsterdam. Therefore, the selection process was not fully random. 

However, the participating schools were equally spread over the different neighbourhoods 

of Amsterdam (The Netherlands) and believed to provide a representative sample of the 

Amsterdam primary school population.

Flyers were spread to inform school personnel and information meetings about the purpose 

and method of the study were held at school. Parents of 4,697 children in grades 1 to 6 were 

invited to participate (age 5-12). Children gave assent to participation and parents were 

provided with information letters and the possibility to opt-out. Six parents objected to 

participation of their child. Out of the participating children (n=4,691), 289 were excluded 

due to incomplete or incorrect motor skills assessment as a result of measurement error or 

conflicting injury. This resulted in a total of 4,402 complete cases for analyses (51% boys, 

49% girls).

The study protocol has been approved by Ethics Committee Human Movement Sciences, 

VU University Amsterdam (2014-59).

Measurement	of	Motor	Skills

The design of the 4-Skills Scan of Van Gelder17 (Figure 1) to quantify gross motor performance, 

is partly based on Ayres’ theory that sensory integration plays a key role in gross motor 

development.19 With test items that ask for tactile, vestibular and proprioceptive information 

processing, the sensory integration theory is apparent in the architecture of the 4-Skills 

Scan.20 Like other gross motor skills tests, the 4-Skills Scan covers locomotion, balance, 

and object manipulation as the main components in the four subscales “jumping-force”, 

“standing-still”, “jumping-coordination”, and “bouncing ball”. Subscales are composed of 
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a series of similar tasks that become more difficult with age. The subscales combined can 

be seen as a matrix with 4 subscales and 9 difficulty levels, and with motor age as the main 

outcome measure. The concept of motor age makes it possible to compare the outcome of 

the test for all children (e.g. by comparing z-scores). An up-to-date manual of the newest 

version of the 4-Skills Scan can be found online.21

Figure 1. The 4-Skills Scan, with rows representing the four subscales and columns the nine difficulty 
levels. In order to succeed on a test item on a test item (as a dichotomous outcome; yes or no), 
one has to achieve the described task. e.g. “make ski jump 10 times” for succeeding for jumping-
coordination at age-level 6.

Body	Height,	Body	Mass,	and	Body	Mass	Index	(BMI)

Overweight can negatively affect gross motor skills.22 Therefore, the BMI was also 

determined. To determine body height and body mass, a Seca 213 mobile stadiometer and 

a Seca 813 scale were used. Children were asked to remove their shoes and measurements 

were rounded to the nearest 0.1 cm and 0.1 kg. BMI was derived from weight (kg) divided 

by the square of the height (m) and subsequently classified according to Cole et al.23,24
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Procedure

Assessment of the gross motor skills took place during regular curriculum PE classes. All 

test conductors were familiar with the 4-Skills Scan and received additional training to 

assure consistency and protocol compliance. The 4-Skills Scan was performed with children 

wearing the same light sport clothing as during regular PE lessons. In line with the rules in 

place regarding PE class participation that varied per school, some children wore sports 

shoes while others were tested barefoot. Lessons started with an easy to understand 

verbal explanation, including a demonstration by the PE teacher. Children were told ‘to do 

the best they could given their own ability’. The children of each class were then divided 

alphabetically over the four subscale testing stations. Per subscale, extra demonstrations 

were given before the test started. To ensure a positive experience, the initial difficulty 

level of each subscale was generally well below the expected maximal performance of the 

child. Every child was given two attempts per test item. To succeed on a test item (success 

rate), children had to perform the described task successfully (e.g. “make ski jump 10 times” 

for succeeding for jumping-coordination at age-level 6). Everyone’s highest achievement 

on a subscale was registered. Children proceeded to the next testing station if 1) the test 

item appeared too difficult; or 2) the end of the testing scale was reached (at a subscale 

score of 13 years), and thus the mastery of better motor skills were not measurable (ceiling 

effect). With four to five test conductors, it was possible to test up to 28 children during 

a 50 minutes PE lesson. Per subscale, it took about 1.5 to 2 minutes to reach a score per 

child. Total time per child for the whole 4-Skills Scan is estimated at 7.5 minutes. Data were 

collected using iPads Air with the application Filemaker Pro 14.

Definitions	and	Analyses

Motor age. Motor age was calculated as:

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀	𝐴𝐴𝐴𝐴𝐴𝐴	 =
(𝑙𝑙𝐴𝐴𝑙𝑙𝐴𝐴𝑙𝑙	′𝑏𝑏𝑏𝑏𝑙𝑙𝑏𝑏𝑏𝑏𝑏𝑏𝐴𝐴′ + 𝑙𝑙𝐴𝐴𝑙𝑙𝐴𝐴𝑙𝑙	′𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑏𝑏𝐴𝐴	𝑓𝑓𝑀𝑀𝑀𝑀𝑏𝑏𝐴𝐴′ + 	𝑙𝑙𝐴𝐴𝑙𝑙𝐴𝐴𝑙𝑙	′𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑗𝑏𝑏𝐴𝐴	𝑏𝑏𝑀𝑀𝑀𝑀𝑀𝑀𝑐𝑐𝑗𝑗𝑏𝑏𝑏𝑏𝑀𝑀𝑗𝑗𝑀𝑀𝑏𝑏′ + 	𝑙𝑙𝐴𝐴𝑙𝑙𝐴𝐴𝑙𝑙	′𝑏𝑏𝑀𝑀𝑗𝑗𝑏𝑏𝑏𝑏𝑗𝑗𝑏𝑏𝐴𝐴	𝑏𝑏𝑏𝑏𝑙𝑙𝑙𝑙′)

	4  

In order to get insight into what extent calendar age correlates with motor age, motor age 

was plotted against calendar age (Figure 2). 

Motor lead. Motor lead is defined as:

motor lead (years) = ‘motor age (years)’ - ‘calendar age (years)’

Success. Success on a subscale is a dichotomous outcome and defined as ‘motor lead’ ≥ 

0 days (success) or < 0 days (no success), and is calculated for each individual child. Since 
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there are ways to compensate low scores on one subscale with good scores on another 

subscale, it is possible to have no success on a subscale but still have a positive motor lead.

Success rate. Success rate is the percentage of children (on group level) with success on one 

of the four subscales.

Average	 success	 rate. Average success rate is the average of the four success rates (on 

group-level). (Also, the average success rate per subscale was plotted against calendar age 

in Figure 4).

Internal consistency. Internal consistency is one measure of an instrument’s reliability, 

assessing the extent to which the individual items are measuring the same construct, in this 

case gross motor skills. Cronbach’s alpha was used to determine the internal consistency 

of the 4-Skills Scan. Cronbach’s alpha above .70 is considered acceptable, over .80 good, 

and alpha’s greater than .90 as excellent.25 Also, the resultant alpha (if item deleted) and 

corrected item-total correlations were determined. According to Leech et al.,26 item-total 

correlations should be greater than .40.

A univariable regression analysis was applied to calculate beta-coefficients to get insight in 

the magnitude of the step-sizes per difficulty level for the total test. For all analyses, SPSS 

version 21 statistical analysis package for Mac was used.

Results

Motor	Age

The relationship between motor age and calendar age is presented in Figure 2. BMI and 

socio-economic status (SES) on school level has also been taken into account. Figure 3 

shows the relationship between motor age and calendar age for each subscale separately. 

Between age 5 and 11, both relationships appear to be linear. For children of 11 years old 

and beyond, the motor age curves are bending towards the x-axis. 
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Figure 2. Relationship between mean motor age and mean calendar age. 

Generally, a linear relationship between calendar age and motor age (see Figure 2 and 3) is 

visible. Corresponding values for calendar and motor age are, in particular, noticeable for a 

population with a normal BMI.

Regarding the magnitude of the step-sizes between difficulty levels: beta-coefficients of 1 

would represent a perfect step-size magnitude. In Table 1, the beta-coefficients are within 

a relatively small age range of .72 to 1.03 over the different age ranges. Also, lower beta-

coefficients are found for the three non-existing difficulty levels of 8, 10, and 12 years.
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Table 1. Results of a univariable linear regression analysis: beta-coefficients for several age-bands and 
each age separately, 

Calendar age β CI-95%

5-12 0.75 [.73-.77]
5-11 0.80 [.78-.82]
5-10 0.83 [.80-.86]
5-9 0.84 [.80-.88]
5-8 0.81 [.76-.86]
5-7 0.89 [.81-.97]
5-6 0.92 [.74-1.10]
5 1.03 [.32-1.75]
6 0.84 [.59-1.08]
7 0.81 [.55-1.08]
8 0.55 [.24-.85]
9 1.00 [.63-1.37]
10 0.72 [.33-1.11]
11 0.24 [-1.16-.65]
12 -0.46 [-1.18-.26]

In Figure 3, it is shown that the steepness of the curves for the four subscales is similar, 

although for some subscales, average motor levels are higher (e.g. jumping-coordination) 

than for other subscales (e.g. bouncing-ball).
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Figure 3. Children calendar age with corresponding motor age level for the total test, the mean motor 
age and each subscale separately: jumping-force, jumping-coordination, bouncing-ball, and standing-
still. (for N=4402).

Ceiling	Effect

Table 2 shows the number of children who attained the maximum score (difficulty level 

13) for each subscale. As can be expected, with increasing age, more children attain the 

maximum subscale score. However, this differs between subscales. None of the five years 

old children were able to achieve the maximum score for any of the subscales, while this 

percentage increased to 74.3% for the 11 year old children. This ceiling effect on subscale-

level, where children attained the maximum subscale score for one of the subscales 

(subscale score of 13 years), starts to occur on a small scale for children aged 6 years. This 

creates a left-skewed distribution of motor age. However, this has little effect on the linear 

relationship until the age of 11, as can be seen in Figure 2 and 3. This ceiling effect on the 
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total test, where children attained maximum subscale scores for all four subscales, occurs in 

0.3% of the 9-year old children and up to 5% in 12-year old children.

Table 2. Ceiling effect: the proportion of children (%) that attained the maximum score on the subscales

                                             Calendar age

Subscales All ages 5 6 7 8 9 10 11 12

Balance 20.8 - 0.9 4.6 11.5 27.5 38.1 45.7 29.0

Bouncing (ball) 6.9 - - 0.3 0.6 5.7 13.2 19.7 22.7

Jumping-force 14.7 - - 0.8 2.9 11.6 23.9 44.2 52.4

Jumping-coordination 14.9 - 0.8 3.6 8.1 15.5 25.3 35.3 34.9

Max score any subscale 34.8 - 1.9 9.0 18.1 43.4 59.6 74.3 71.7

Max. score for 1 subscale 19.1 - 1.9 8.7 14.0 29.7 31.8 29.1 27.9

Max. score for 2 subscales 10.2 - - 0.3 4.6 11.1 18.5 25.7 24.6

Max. score for 3 subscales 4.5 - - - 0.1 2.3 7.7 16.0 14.2

Max. score for 4 subscales 1.0 - - - - 0.3 1.7 3.4 5.0

Success Rate

In contrast to motor age, the success rate does not uncover the ceiling effect the same 

way as motor age does. The success rate is a dichotomous outcome measure, and the 

impossibility of compensation of low scores subscales by a high scored subscale does not 

play a role here. Table 3 and Figure 4 show success rates of 61.4% to 86.8% over the calendar 

ages 5, 6, 7, 9, and 11, but with deviating success rates for the calendar ages of 8, 10, and 

12 years (respectively 48.3%, 51.6%, and 34.8%), for which no corresponding difficulty level 

exist (see Figure 1).
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Table 3. Success rates for the whole sample

Item success rate (%)
Age (yrs) Balance Bouncing (ball) Jumping-

coordination
Jumping-force Average success 

rate (%)

5 60.7 100 88.1 98.2 86.8
6 55.2 71.1 82.6 97.0 76.5
7 29.3 79.3 86.8 56.7 63.0
8 40.2 12.9 87.5 52.7 48.3
9 56.5 31.9 93.5 70.5 63.1

10 54.6 29.0 70.5 52.1 51.6
11 62.5 36.5 78.5 68.2 61.4
12 29.0 22.7 34.9 52.4 34.8

Figure	4.	The average success rate (probability) per difficulty level for the whole sample. (extracted 
from Table 3). The intercept of calendar age with corresponding motor age.
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Internal Consistency

For the full scale of the 4-Skills Scan, Cronbach’s alpha is .75 and thus within the range of 

acceptable values of .70 to .80.25 Cronbach’s alpha decreased to a range of .60 to .73 when 

any of the subscales were deleted, meaning that subscales are non-redundant. Corrected 

item-total correlations ranged from .47 to .68 (see Table 4), meaning that each subscale 

correlates well with the overall scale.

Table	4.	Cronbach’s alpha coefficient for the 4-Skills Scan

Subscale Corrected Item-Total 
Correlation

Cronbach’s alpha if 
Item Deleted

Balance .54 .71
Bouncing (ball) .47 .73
Jumping-force .68 .60
Jumping-coordination .53 .70

Discussion

The main purpose of this study was to examine important test characteristics, such as the 

step-size magnitude between difficulty levels, ceiling effects, success rate, and internal 

consistency, and to get insight into the concept of motor age as a measure. More subscales 

could be added to the test, but this would make an instrument developed for PE lessons 

increasingly impractical and time consuming.27

Step-Size	Magnitude	and	Ceiling	effect

Figure 2 and 3 show the relationship between calendar age and motor age with the four 

subscales. The results for the total score and the subscales increase linearly with age up to 

11 years. For age band 11-12 years, the linear relationship is disrupted and the curves start 

to swell off. There are two possible explanations for this phenomenon. First, this might be 

caused by a ceiling effect. Table 2 gives an impression of the degree of the ceiling effect: up 

to 74.3% of the children of 11 and 12 years old reached the end of a subscale score (level 

13) for one or more of the subscales, whereas the ceiling effect on the total test (maximum 

score for all subscales) rarely occurred (only 5% of the 12-year old children). Some children 

might have scored above level 13 if it would have existed.
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A second explanation can be found in the relationship between calendar age and motor 

age. For the children 5-10 years of age, Figure 2 shows a linear relationship between the 

two. This linear relationship can be interpreted such that an even step-size magnitude in 

difficulty level over the subscales is present. This linearity makes the concept of motor age 

usable and useful for comparing the motor scores of children of a different calendar age. 

However, the beta-coefficients of the mean motor age ranged from .72 to 1.03 and are not 

equal to 1. As can be seen in figure 2, motor age starts to vary from the calendar age of 11 

years and beyond. An interesting question is whether this is the result of the norm scores 

a child has to reach for a certain calendar age, or a characteristic of the group of children 

tested in our study. Probably both reasons might apply here. It is likely that the original 

reference population (year 2000), which was used to develop the 4-Skills Scan, had better 

motor skills. A negative secular trend in motor fitness levels in primary school children (9-12 

years) have been found within and outside the Netherlands.28,29

In addition, the diverging between motor age and calendar age may also be explained 

by the “urban” sample, since a negative relationship between children’s physical activity 

– and thus practice of motor skills – and living in the urban area has been found.30 This, 

combined with the cumulative effect of motor learning or the lack thereof, may explain 

the increasing difference between calendar age and motor age at older ages. Furthermore, 

17% of the children were overweight and an additional 6% were obese. These prevalence’s 

are substantially higher than those found in the Dutch population.31 Since high BMI values 

provide a constraint for the development of gross motor skills32 and since motor learning is 

cumulative, this phenomenon has an on-going and increasingly negative impact on motor 

skill learning outcomes.6 Figure 2 supports this explanation since, for children with a normal 

BMI or higher SES, motor age can ‘longer keep up’ with calendar age, compared to children 

with a higher BMI.

Another explanation for the difference between calendar age and motor age at older ages 

might be that the magnitude of the step-sizes between difficulty levels are too large for 

normal motor development to keep up with. A non-constant success rate would support 

such hypothesis. From the success rate it can be deduced whether the magnitude of step-

sizes between difficulty levels is even across the calendar ages.  An even magnitude of step-

size between difficulty levels would mean a constant success rate. However, the success 

rates for the different calendar age-bands and corresponding motor age seem to be quite 
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stable (see Figure 4). As can be seen in Table 3, for children 7 to 11 years of age, the success 

rate ranged between 61.4% and 63.0%. This suggests that the ceiling effect at calendar age 

of 11 and 12 years old is rather the effect of a ceiling effect than that of a too large step-size 

between the difficulty levels.

Difficulty levels 8, 10, and 12 are missing (see Figure 1) and adding these difficulty levels to 

the test may provide an improvement of the 4-Skills Scan, since this results in a more fine-

meshed determination of the motor age. The low success rate for the motor age levels 8, 10, 

and 12 affects the motor age (see Table 3). As can be seen in Table 3, average success rates 

are reduced for these calendar ages, probably due to the absence of age-corresponding 

difficulty levels.

Internal Consistency

Table 4 shows a Cronbach’s alpha of .75. This can be considered as acceptable.25 Thus, 

every subscale measures the same construct, i.e. gross motor skills, and the subscales can 

be put together into one scale (motor age). Other studies on the internal consistency of 

motor skill tests show slightly higher Cronbach’s alphas. For example, A study on children 

with Developmental Coordination Disorder (DCD) reported Cronbach’s alphas of .90 for the 

total MABC-2 and .84 and .88 for respectively ‘aiming & catching’, and ‘balance’.33 For the 

BOTMP-2, alphas of .92 for the total score and .88 for the gross motor tasks have been 

reported.34

Future Research

Current data calls for further research with respect to the reliability and validity. Assessment 

of the sensitivity and specificity, to get insight in its value for use as a screening instrument 

for detection of delay in gross motor skills, would also be desirable. This would be a 

necessary step in order to determine cut-off values for the test, which is necessary in order 

to detect children in need for extra care and attention for the development of gross motor 

skills. The ability of the 4-Skills Scan to detect change over time would also be valuable if the 

test is used to evaluate the effectiveness of an intervention.

Implications

The acquisition of motor skills is an important aspect of the healthy development of 

children. However, physical inactivity in children is a major public health problem leading 
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to an exercise deficit with consequent lower motor skill levels.28 High levels of gross motor 

skills have been associated with a healthy and active lifestyle later in life.3,35,36 As discussed, 

longitudinal motor testing during PE lessons is desirable and feasible. The 4-Skills Scan is an 

instrument specifically designed for this purpose in the PE setting, and the assessment of 

gross motor skills by motor age relative to calendar age is an easy to interpret outcome. The 

test is also helpful to PE teachers in order to evaluate series of PE lessons on effectiveness. 

Additionally, the 4-Skills Scan may be useful for early detection of derailment or delay in 

motor development. This has been mentioned as important11 and is a step required in 

order to provide suitable care to break the negative spiral of low gross motor skills, little 

enjoyment of physical activities, too little physical activity, and a high BMI.

The short testing time of the 4-Skills Scan also brings new research possibilities. The creation 

of large research cohorts gives the possibility to answer new research questions related to 

longitudinal motor development. From an epidemiological point of view, it is valuable to 

better understand the underlying mechanisms behind motor skills development and the 

relationship with physical activity, overweight, and an active lifestyle. 

Conclusion

The 4-Skills Scan assesses gross motor skills scored by the motor age, which is an easy to 

understand outcome measure. Motor age has a linear relationship with calendar age for age 

ranges 5 up to 10 years, although motor age can vary from calendar age with β-coefficients 

ranging from .72 to 1.03. For children of 11 years and beyond, a ceiling effect on subscale-

level and a ceiling effect on the total test of 71.7% and 5% was found respectively. The 

step-sizes between difficulty levels for ages 5 to 10 years are constant. Success rates for 

age-corresponding motor skill levels are also constant with percentages ranging from 61.4% 

to 76.7%. For the ages 8, 10, and 12 years, no corresponding motor skill levels were defined, 

which may have created unwanted fluctuations in the success rate. Therefore, adding these 

missing difficulty levels is recommended. All test items measure the same construct, as the 

internal consistency is acceptable with a Cronbach’s alpha of .75.
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Abstract

In The Netherlands, the 4-Skills Scan is an instrument for physical education teachers to 

assess gross motor skills of elementary school children. Little is known about its reliability. 

Therefore, in this study, the test-retest and inter-rater reliability was determined. 

Respectively, 624 and 557 Dutch 6-12 year old children were analysed for test re-test and 

inter-rater reliability. All tests took place within the school setting. The outcome measure 

was age-expected motor performance (in years). Results showed a small testing effect of 

0.24 years for re-test sessions, and assessment of motor skills was possible with acceptable 

precision (SEM=0.67 years). Overall, ICC was 0.93 (95%-CI: 0.92-0.95) for test-retest 

reliability and 0.97 for inter-rater reliability. For the repeated measures, SDC95 was 1.84 and 

Limits of Agreement (LoA95) were -2.09 and +1.60 years. It can be concluded that the 4-Skills 

Scan is a reliable instrument to assess gross motor skills in elementary school children.

Keywords: motor skill assessment, physical education, primary school children, 

psychometrics, reliability
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Introduction

A major aspect of a child’s development is the acquisition of gross motor skills. Longitudinally, 

studies show that the mastery of fundamental movement skills (FMS) and gross motor skills 

at an early age appears to be an important factor for their physical activity and wellbeing 

during childhood and later in life.1–6 Beneficial effects with respect to cognitive and social 

wellbeing have also been mentioned.6

Physical education (PE) lessons can play a central role in the acquisition of FMS and gross 

motor skills7–10, and time spent in physical activity.11 Nowadays, it is mandatory for PE-

teachers to monitor the progression and development of their pupils. Motor development 

is logically a part of that student tracking system.

Several instruments are available for assessing the level of gross motor skills, some of which 

are widely used and accepted, such as the Movement Assessment Battery for Children-2 

(M-ABC-2).12 However, most of these instruments are designed to detect delayed or 

abnormal motor development and are unsuitable for monitoring purposes where multiple 

measurements are desired to follow development longitudinally. The MABC-2 is found to 

be sufficiently sensitive in its ability to monitor treatment progress in children with motor 

impairment and DCD.13 However, more research is needed to assess its responsivity for 

children without motor problems (general population). Besides, due to the relatively 

high SEM and possible learning effect, repeated testing at short time intervals is not 

recommended.14 Also, discontinuation of the scales over the age bands might interfere with 

longitudinal monitoring.15 Furthermore, many tests appear to be unsuitable for a school 

setting because of the considerable amount of time it takes to assess all children. The Test 

of Gross Motor Development-Second Edition (TGMD-2)16 and KorperkoordinationsTest fur 

Kinder (KTK)17 have been mentioned as feasible for PE lessons in a school setting.18 These 

tests still take approximately 15 minutes per child and require specific testing materials 

such as beanbags, balance beams, or boxes that are not part of the standard inventory 

of every sports hall. Since the choice of a motor skills test depends on the context of use, 

it has been challenging to find an instrument that better suits the PE lesson setting. Over 

the past decade, an instrument was developed that can be used during PE-classes and 

specifically fits the context of PE lessons.19 Assessment of gross motor skills with this 4-Skills 

Scan results in a performance-based outcome (PerfO) in terms of motor age. The 4-Skills 

Scan was developed by Van Gelder & Stroes19 and finds its origin in the motor development 
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theory of Ayres20 and Gesell.21 It includes the age-range around the transition from FMS 

to context specific skills at about the age of 7.22 The outcome measure of the 4-Skills Scan 

is ‘motor age’. This ‘motor age’ is an age-expected motor skills level and easy to interpret 

when compared with calendar age. An advantage of this outcome measure is the easy 

comparison of children across age-bands. The main aim of the 4-Skills Scan is to serve as an 

instrument that monitors children’s motor skill development. PE-teachers have developed 

this instrument and therewithal, feasibility for the PE-context was an important criterion. 

These characteristics make it possible to assess the motor skill level for all elementary 

school children in a quick and feasible manner during PE lessons. As a result, the 4-Skills 

Scan gained popularity among PE-teachers in The Netherlands.

Overall, the 4-Skills Scan seems to be a well-substantiated test,19 and years of iterations 

have preceded in order to determine the sequence of test items and to match the difficulty 

levels with calendar age. Also, the three main FMS categories, locomotion, manipulative or 

object control, and stability skills,2 seem to be covered by the four subscales of this test.19 

Until recently, little was known about the validity. However, in a study conducted by Van 

Kernebeek, De Kroon, Savelsbergh, and Toussaint,23 the test was concluded to be valid for 

assessing gross motor skills.

It is important to keep in mind a test’s design and context of use24 when interpreting 

reliability values. For example, the Bruininks-Oseretsky Test of Motor Proficiency (BOTMP), 

the M-ABC-2, and the Peabody Developmental Motor Scales (PDMS-2), each have a 

minimum of 8 test items and take at least 15 minutes to conduct.25,26 The 4-Skills Scan, on 

the other hand, merely consists of 4 subscales that take 2 minutes each and is conducted 

in a boisterous setting.

In order to get a clearer picture of the value of data collected with the 4-Skills Scan, it is 

important to get better insight into its reliability. Therefore, the aim of this study is to (1) 

assess the test-retest reliability and (2) the inter-rater reliability of the 4-Skills Scan.
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Method

Participants

For test-retest reliability, a representative sample of the general school population, consisting 

of 629 third-to-eighth grade children (pupils aged 6-12 years, 48.9% boys), were recruited 

at three elementary schools in Amsterdam, The Netherlands, throughout November and 

December of 2014. These three schools were selected because of the presence of double-

sized sports halls. Five pupils were excluded, due to incorrect or incomplete motor skills 

assessment as a result of measurement error (n=4) or conflicting injury (n=1). Since the 

number of missing data was low, list-wise deletion of missing values was deemed legitimate 

and resulted in complete data for 624 pupils (see Table 1 for a description of the study 

sample).

Data derived from 557 children, recruited at eight different schools, with an overlap of one 

school with the test-retest sample, were analysed for inter-rater reliability. Children with 

injuries or other physical impairments were excluded from analyses. Children gave assent 

to participation and parents received an information letter with the possibility to opt-out. 

The study protocol was approved by the Ethics Committee Human Movement Sciences, VU 

University Amsterdam (2014-59).

Table 1. Descriptives of the study population for test-retest and inter-rater reliability

Study sample N
Gender  
% boys

Height (cm) 
± sd

Weight (kg)
± sd

Test-retest sample 624 49.0 135.3 ± 11.8 31.5 ±   9.4
6 years old 104 43.3 122.3 ±   4.9 24.0 ±   3.6
7 years old 133 54.9 127.3 ±   6.1 26.8 ±   4.7
8 years old 139 41.7 133.0 ±   5.8 30.9 ± 10.1
9 years old 82 50.0 138.8 ±   6.0 31.8 ±   5.0
10 years old 64 57.8 145.9 ±   6.0 37.1 ±   6.3
11 years old 87 52.9 152.1 ±   7.0 42.0 ± 10.3
12 years old 15 40.0 154.1 ±   7.8 44.2 ±   7.2

Interrater sample 561 53.8 134.7 ± 11.4 31.4 ±   8.8
Junior grades (age 5-8) 331 54.0 127.4 ±   7.5 26.8 ±   5.3
Senior grades (age 9-12) 230 53.5 144.6 ±   7.8 37.7 ±   8.6



544448-L-bw-Kernebeek544448-L-bw-Kernebeek544448-L-bw-Kernebeek544448-L-bw-Kernebeek
Processed on: 4-8-2020Processed on: 4-8-2020Processed on: 4-8-2020Processed on: 4-8-2020 PDF page: 66PDF page: 66PDF page: 66PDF page: 66

66

CHAPTER 3

Instrument

For assessing motor skills, the 4-Skills Scan of Van Gelder and Stroes19 was used. This is 

an easy to conduct, quantitative motor skills scan specifically developed for the PE lesson 

context. The four subscales of the 4-Skills Scan were administered to all participants: 

‘standing-still’, ‘jumping-force’, ‘jumping-coordination’, and ‘bouncing-ball’19  (see appendix). 

The outcome of the test is a PerfO in terms of ‘motor age’. It is a multidimensional concept 

consisting of four rating subscales, each made up of nine items that vary in difficulty but 

assume replications of the same construct. Thus, the nine items within each subscale are 

similar and measure the same underlying constructs, but become more difficult across age 

bands. For example, hopping while covering distance is assumed to be more difficult than 

without covering distance (jumping-force), and an alternating ‘shuffle-jump’ pattern with 

anteflexion and retroflexion of the hip (shuffle-jump) is assumed to be more difficult than 

making synchronous ski-jumps (jumping-coordination).

Procedure

The motor skills assessments took place during regular PE-classes. All test-conductors 

were students or already graduated PE-teachers, physiotherapists or Human Movement 

scientists. All were familiar with the 4-Skills Scan beforehand and were provided with 

additional training in order to assure scoring consistency and protocol compliance. For test-

retest reliability, 19 test-conductors contributed in an alternating test-team composition. 

For inter-rater reliability, 18 test-conductors contributed, also in an alternating test-team 

composition. The PE lessons started with a brief explanation to the children about the 

purpose of the test. Test-conductors were informed about the age, class and gender of the 

children. Children were told ‘to do the best they could given their own ability’. The pupils of 

each class were then divided alphabetically over the testing stations of the four subscales. 

Thus, children started at different subscales and therefore any possible crossover testing 

effect from one subscale to the next was evened out. An extra demonstration of the task to 

be performed was given at each station. To ensure a positive experience, the initial difficulty 

for each subscale task was age-dependent and generally well below the expected maximal 

performance of the tested child. Children were given two attempts per difficulty level. This 

allowed familiarisation with the exercise and ensured that they understood the purpose of 

it. Children proceeded to the next station when execution of the motor task appeared too 

complex or when the end of the scale was reached.
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Test-retest	reliability. In order to assess test-retest reliability, two connected sports halls 

were both divided into four compartments in which the assessments of each subscale took 

place. Due to practical considerations, a time interval of 30 minutes between test and retest 

was chosen. This way, both the test and retest could take place during one PE lesson for 

grades three to eight.

In accordance with the usual protocol, each pupil performed tasks on every subscale and 

after registration of their highest achievement. Thereafter, the pupil was directed to the 

next testing station. In order to prevent the second test-conductors having a biased view 

towards a testing result, no feedback on test scores were given by the first test-conductors 

to the child or the second test-conductors during the PE lesson.

Inter-rater	reliability. Although the inter-rater reliability of an instrument is based on the 

combined scores of individual items, inter-rater reliability evaluation for an individual item 

is often omitted.27 In this study we address the importance of assessing inter-rater reliability 

for individual items and assessed inter-rater reliability by determining the inter-rater 

reliability per item. For this, a practical and suitable design was chosen, in which two test-

conductors were present at a subscale to score each child’s achievement simultaneously 

but independently. The protocol was slightly adjusted for this occasion: rather than having 

the children ‘quit at failure’, attempts were made on every task, up to the highest difficulty 

level. 

Outcome	Measures	and	Data	Analyses

Motor age. In order to calculate a child’s motor age, the four subscale scores were averaged 

by the following formula:

!"#"$ !"# = (!"#"! ′!"#"$%&′+ !"#"! ′!"#$%&' !"#$%′+  !"#"! ′!"#$%&' !""#$%&'(%"&′+  !"#"! ′!"#$%&$' !"##′)
 4  

Test-retest	 and	 inter-rater	 reliability. Since the Intraclass Correlation Coefficient (ICC) 

is preferred for analyses,28,29 a Two-Way-Random effect Intraclass Correlation Coefficient 

(ICCagreement 2.1) was calculated for both test-retest and inter-rater reliability in accordance 

with Shrout and Fleiss.30 According to Portney and Watkins,28 an ICC of .75 is considered 

good, .75 to .50 as moderate, and below .50 as poor. For both test-retest and inter-rater 

reliability, agreement was based on differences in the motor age. For test-retest analysis, 

besides calculating ICC-values for the whole cohort, a stratified analysis by age was done. 

Regarding the inter-rater reliability, two analyses were made: one for the junior grades (age 
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6 - 8) and one for the senior grades (age 9 - 12). This is done to take account for the fluctuation 

in performance that can happen at young age due to distraction or misunderstanding of the 

purpose of the test.15 At a later age, children tend to perform more stable on tests.

Measurement	 Error	 and	 Limits	 of	 Agreement. For assessing measurement error, both 

the Standard Error of Measurement (SEMconsistency) and Limits of Agreement (LoA) were 

calculated. Bland and Altman plots have been recommended by Lamb31 since these give a 

visual understanding of the range of individual differences. Here, the difference of the two 

test occasions is plotted against the mean of the two test occasions. Absolute reliability 

was determined by the standard error of measurement (SEM) and calculated as follows32: 

, where 𝑆𝑆𝑆𝑆𝑆𝑆 ≤ !"
%
	  was taken as the criterion for acceptable precision.33 

The Standard Error of the difference is calculated as follows: . 

Limits of Agreement (LoA) were calculated as:                                                                                       

                   . Here, the mean difference (bias) is the systematic error and the standard 

deviation of the difference ( ) is the random error.

Testing	effect. For calculating the testing effect, the mean difference score was calculated 

(retest - baseline score). A paired sample t-test was performed between test and retest 

scores in order to detect a possible testing effect.

Smallest Detectable Change. A more clinical relevant measure for reliability is the Smallest 

Detectable Change (SDC95), which was calculated as follows: 

.34–36 This can be seen as an outcome measure with a confidence interval of 95%, with 1.96 

representing the z-score and  as a means to account for accumulating errors associated 

with repeated measures.

𝑆𝑆𝑆𝑆&'(( = √2 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆% 

𝑆𝑆𝑆𝑆𝑆𝑆 = !"!"##	

√%
 

!"#!" = !"# ∗ 1.96 ∗ √2 

!"!"## .

√2 

!"# = !"#$ !"##$%$&'$ (!"#$)±
1.96 ∗ !"!"##
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Results

Motor	Age

The results for 624 pupils were analysed to assess test-retest reliability on the motor age 

with the 4-Skills Scan. Data for the individual subscale were also analysed. The descriptive 

statistics and test-retest reliability scores are summarized in Table 1 and 2.

Table 2. Test-Retest Reliability (ICC 2.1) for N = 628 
Test Re-Test Bland & Altman

4-Skills Scan Mean SD Mean SD Mean diff a SD 95% LoA ICCabsolute 95%-CI SEM SDC95

Standing-still 8.58 3.24 8.89 3.3 .31** 2.85 -5.9+5.3 0.76** 0.72-0.80 2.02 5.59

Jumping-force 8.53 2.42 8.55 2.43 .02 1.15 -2.3+2.2 0.94** 0.93-0.95   .81 2.25

Jumping-coordination 9.82 2.09 10.21 2.25 .39** 1.81 -3.9+3.2 0.78** 0.74-0.82 1.28 3.55

Bouncing-ball 7.61 1.82 7.86 1.94 .25* 1.19 -2.6+2.1 0.89** 0.86-0.90   .84 2.33

Motor Age 8.63 1.87 8.88 1.98 .24** 0.94 -2.1+1.6 0.93** 0.92-0.95   .67 1.84

ICCabsolute: Intraclass Correlation Coefficient; SEM: Standard Error of Measurement; SDC95: Smallest 
Detectable Change at the 95% Confidence Interval.
a:  difference scores were calculated by subtracting the baseline score from the retest score
*   items significant at p < .05; **  items significant at p < .01

Test-Retest	Reliability

Intraclass Correlation Coefficients (ICCagreement) for all ages ranged from .76 to .94, with an 

overall score of .93 (p < .01) (see Table 2). According to Portney and Watkins,28 these ICC’s 

can be considered as good outcomes for all subscales. ICC’s calculated per age band (see 

Table 3) showed comparable values (ranging from .84 to .88), with the exception for 6 year 

old children (ICC = .74).
 
Table 3. Test-Retest Reliability (ICC 2.1) per Age-Band.

4-Skills Scan 6 7 8 9 10 11 12 All Ages
N 104 133 139 82 64 87 15 624

ICC .74 .82 .85 .87 .84 .87 .84 .93
SEM .57 .60 .70 .71 .72 .66 .86 .67

ICCabsolute: Intraclass Correlation Coefficients for every age band; SEM: Standard Error of Measurement
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Measurement	Error	and	Agreement

For the motor age and the subscales ‘jumping-force’ and ‘bouncing-ball’, corresponding 

SEM-values met the criterion for acceptable precision. The subscales ‘standing-still’ and 

‘jumping-coordination’, however, did not meet the criterion for acceptable precision, 

indicating that these items are insufficiently reliable as individual test instruments. Figure 1 

presents a Bland and Altman plot for the test-retest sessions. As can be seen on the re-test, 

children performed systematically higher with 0.24 years. Individual retest scores above the 

upper range of +1.60 years or below the range of -2.09 years can be interpreted as a true 

difference in the motor age. As can be seen in Figure 1, there are children in both the upper 

and lower ranges that show considerable differences within the two test sessions.

Figure 1. Bland and Altman graph with 95% LoA. The differences between test and retest plotted 
against their mean for each subject for motor age (years) for 628 participants. LoA = mean difference 
(bias) ± 1.96 SD.
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Testing	Effect	(Stability	of	Test	Scores	Over	Time)

An average testing effect of .24 years (p < 0.01, 95%-CI: .17 - .32) was found on the motor 

age. Except for ‘jumping-force’, paired sample t-tests between test and retest scores showed 

significant testing effects for ‘standing-still’, ‘jumping-coordination’, ‘bouncing-ball’, and the 

total test score ‘motor age’ (see Table 2).

Smallest Detectable Change

The SDC95 for the motor age was 1.84, indicating that a change over time of more than 1.84 

years can be seen as a true change in the motor age in 95% of the pupils (Table 2).

Inter-rater	reliability

A total of 557 children were included for analyses for the inter-rater component (see Table 

1). Table 4 presents overall averaged ICC’s for both the test as a whole and each separate 

subscale. In addition, ICC’s per age band are also shown in Table 4. A high overall ICC-value 

was found for the total test (ICC = 0.96 ± 0.01). Also, for the separate subscale, ICC’s of .95 to 

.98 were found. Analyses per age-band sometimes showed lower, but generally similar ICC-

values, ranging from .73 to 1.00. Apart from the ICC for ‘bouncing-ball’ in the age band of 

5 - 6 years (ICC = .73), all ICC-values were above .75, indicating a good inter-rater reliability 

for the 4-Skills Scan as well as the separate subscales for each age band. 

Table	4.	Inter-Rater Reliability (ICC 2.1) for the Whole Group, for Junior, and Senior Grades

Whole Group Junior Grades Senior Grades
4-Skills Scan N ICC 95%-CI N ICC 95%-CI N ICC 95% CI

Subscales
       Standing-still 114 .97 .96-.98 79 .94 .91-.96 35 .95 .91-.98
       Jumping-force 148 .98 .98-.99 92 .87 .96-.98 56 .97 .95-.98
       Jumping-coordination 109 .95 .93-.97 54 .90 .82-.94 55 .98 .97-.99
       Bouncing-ball 212 .96 .95-.97 120 .94 .91-.96 92 .95 .92-.97
Average .97 .91 .96

All items significant at p < .001
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Discussion

Motor development is an important aspect of children’s healthy development. Physical 

education in primary school is - among other things - aimed at enhancing motor skill 

levels. Recently, monitoring the development of motor skills became mandatory in the 

Netherlands. The need for a quick and feasible instrument with good test-retest and inter-

rater reliability led to the selection of the 4-Skills Scan as a potential instrument. In order to 

evaluate the merits of the 4-Skills Scan, it was studied using ICC’s for test-retest and inter-

rater reliability, the Bland and Altman method, SEM, and the systematic error.

Test-Retest	Reliability

The test-retest reliability was assessed with an overall ICC of .93 (95%-CI: .92 - .95) for the 

4-Skills Scan. This can be interpreted as a high test-retest reliability and is comparable to 

established motor skills tests such as the BOTMP (ICC = .86 to .89),26,37 the MABC-2 (ICC = 

.77 to .97),13,38 and the KTK (correlation coefficient = .97).18 A study by Houwen, Hartman, 

Jonker, and Visscher39 on the reliability of the 12-items TGMD-2 among 75 6-to-12-year old 

children showed an ICC of .92 (95%-CI: .88 - .98) for test-retest reliability with regard to 

the test as a whole. A study by Croce, Horvat, and McCarthy40 showed similar ICC’s for the 

MABC (ICC = .95) with 106 participants and a one-week time interval.

The stability of the motor age tested by the 4-Skills Scan was determined by using mean 

difference scores (retest - baseline score). For the motor age, a significant systematic error 

of .24 year was found (see Table 2). ‘Jumping-force’ appears to be the most stable subscale 

with a non-significant systematic difference of .02 year. ‘Jumping-coordination’ was most 

susceptible for a testing effect, resulting in a significant systematic difference of .39 years. A 

possible mechanism behind these differences in testing effects might be that the instruction 

for a familiar task like hopping mostly refers to an inherent ability where the quality of 

performance may differ between children. Instructions for less familiar and complex 

jumping-coordination tasks refer to acquirable skills that some children instantly - or after 

some practice - can master.

Due to practical considerations, test-retest reliability was evaluated based on same-day 

scores with a time interval of half an hour. Because of the short retest time-interval, the 

found systematic difference might very well be a testing effect rather than a learning effect. 

According to Beglinger et al.41, the magnitude of the testing effect may be influenced by 
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the time span between two measurements. A biological recall or motor memory of the 

movement might be the responsible mechanism behind this testing effect, since this 

mechanism can occur even after little practice.42 Time will cancel out the testing effect. 

Thus, a larger time-interval for retest sessions will most likely result in a smaller systematic 

difference. It is difficult to recommend an ideal time interval between test sessions since 

that also depends on the type of test and the age of the participants.14,41

Given the context of use and the speed at which this scan can be conducted, test-retest 

reliability as well as the SEM can be interpreted as good for this instrument. A SEM of .67 

for the total 4-Skills Scan means that a child’s individual motor age can be calculated with 

a precision of .67 years and that it meets the criterion for acceptable precision.33 The SEM 

of the 4-Skills Scan is slightly higher than the MABC-2 (SEM = .53),13 but this was expected 

given the larger number of test items of the MABC-2. 

For the subscales, the ICC’s ranged from .76 to .94. This indicates good test-retest reliability 

for the separate subscales. Little research has been done on test item reliability for other 

motor skills tests. However, a study by Henderson et al.12 showed MABC-2 test item ICC’s 

ranging from .73 to .84. Another study, by Wuang et al.13 on the reliability of the MABC-2 for 

children with DCD, showed test-item ICC’s ranging from .88 to .99.

For the subscale ‘jumping-coordination’ and ‘standing-still’, the SEM turned out to be 

relatively high. The SEM for these two subscales did not meet the criterion for acceptable 

precision. The increased SEM for ‘jumping-coordination’ might be a result of the rating scale 

used for the PerfO. Test items on this subscale differ but are considered to be similar motor 

tasks. The identified difficulty levels, however, might not follow the typical developmental 

sequence of motor skills for every child. The order in which some motor skills develop might 

be the result of practice or dissimilar cultural factors, and consequently result in individual 

variation in the sequence of motor skill acquisition.43 For ‘standing-still’, wobbling results 

in a lower test score of one or two years (see appendix). Besides the fact that wobbling is 

unwanted while carrying out the task of ‘standing still’, it is a rather subjective aspect to be 

judged by the test-conductor and is therefore prone to causing inter-rater discrepancies. 

Subjective judging hardly plays a role evaluating ‘jumping-force’ and ‘bouncing-ball’.

When considering gross motor skills as a single construct, it is important to interpret the 

test result of the motor age rather than the single sub-scale scores. The individual subscales 

add up to a complete picture of the child’s gross motor skills. In addition, a more precise 

test result is given by the average of all subscales, since the SEM is relatively low (see Table 
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2). For the scan as a whole, the SEM met the criteria for acceptable precision. The Bland 

and Altman graph shows the limits of agreement, ranging from -2.09 to +1.60 for test-retest 

reliability. Scores in between these ranges can be seen as uncertainty as the result of the 

measurement imprecision of the instrument. All scores outside of these ranges can be 

considered as true differences of the child’s motor age. Although the test-retest reliability 

of the 4-Skills Scan is good, extra assessments or multiple assessments throughout the 

year will improve the test’s accuracy and reduce the absolute measurement error, since 

repeated testing is an effective strategy for averaging outliers.

Inter-Rater	Reliability

The results of 557 children were included in the analyses for the inter-rater reliability. The 

results indicate a good inter-rater reliability with an overall ICC of .97, ICC’s of .95 or higher 

for the individual subscales, and ICC’s of .85 or higher across the age-bands. The present 

inter-rater reliability scores compare well to those of other motor skill tests. For instance, 

Chow and Henderson38 assessed the inter-rater reliability for the MABC-2 using a similar 

method to the current study and also found a high overall ICCinterrater of .96. Houwen et al.39 

used video recording to assess inter-rater reliability. Two independent examiners evaluated 

video recordings, resulting in ICCinterrater of .89 (95%CI: .81 - .93) for the total test of TGMD-2. 

The 4-Skills Scan has a high test-retest and inter-rater reliability that is comparable to 

the established motor skills tests. This is an interesting observation when considering 

that the 4-Skills Scan consists of only four subscales. With the exception of the KTK, all 

other mentioned motor skill tests consist of more subscales. In addition, the test-retest 

assessment was carried out by two different raters. Therefore, both errors – test-retest 

and inter-rater – contribute to the total error reported. Compared to other motor skills 

tests, the SEM is somewhat higher for the 4-Skills Scan. This is mainly due to the non-

objective wobbling aspect in the ‘standing-still’ task. However, with due consideration of 

the previously mentioned criterions (such as feasibility and necessary testing material), the 

results of this study support the use of this test as an instrument for monitoring motor 

development and the effects of PE lessons on motor development on an individual level.

Some worthwhile directions for future research can be pointed out. Since PE-teachers are the 

professionals who will most often use the 4-Skills Scan, examining of the reliability done by 

PE-teachers might result in more ecologically valid study results. Furthermore, determining 

the validity would be of value to legitimize the use of this instrument to evaluate the motor 
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development of children.

For many years, PE-teachers did not have the tools to adequately assess gross motor skills 

within their lessons. This study gives insight into the reliability of the 4-Skills Scan. Knowing 

the value of data gathered with this instrument not only empowers the PE-teacher to 

monitor children’s progression, but also improves communication between youth (health) 

professionals, such as pediatricians, pediatric physiotherapists, and PE-teachers.

In conclusion, this study shows that the 4-Skills Scan is a reliable tool for assessing 

quantitative aspects of gross motor skills in elementary school children. With its unique 

context of use, it is suitable as an instrument for PE-teachers for assessing motor skills level 

and the progress thereof as a result of PE lessons.
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Abstract

Aim.	To assess the concurrent validity and discriminative ability of total, gross and fine 

motor scores of Dutch performance-based motor tests, the Baecke-Fassaert Motor Test 

(BFMT) and the 8- and 4-Skills Scan when compared with the Movement Assessment 

Battery (MABC) for children at age 5 as reference standard.

Method. 116 Dutch children (40.3% boys) were included. Spearman’s rho correlations and 

area under the curves (AUC) were assessed.

Results. The total motor scores for MABC and BFMT strongly correlated (r= -0.58), while 

moderate correlations were observed for the fine motor scores (r= -0.40). For the gross 

motor scores, correlations between the three tests ranged from -0.51 to -0.65. Gross and 

fine motor scores had weaker correlations, ranging from 0.30 to 0.45, both within tests and 

between tests. With the MABC as reference (15th percentile), the AUC of the BFMT, 8- and 

4-Skills Scan was 0.853 (95% CI: 0.757-0.949), 0.905 (95% CI: 0.837-0.972) and 0.844 (95% 

CI: 0.730-0.957), respectively. At optimal cut-offs, as determined by the Youden Index, the 

sensitivity and specificity of the BFMT, the 8- and 4 Skills Scan were 78.6 and 78.4%, 92.2 

and 73.2%, 78.6 and 76.3%, respectively. 

Conclusion. All tests had a reasonably high discriminative ability, but adaptations are 

desired to meet the requirements for screening. The relatively weak correlation between 

gross motor and fine motor scores implies that tests should be normalized and validated 

separately for determining the gross and fine motor ability.
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Introduction

A growing number of children have a motor delay as an isolated or more general 

developmental problem.1 This may be partly due to increasing frequencies of preterm 

births resulting in a higher prevalence of congenital developmental problems, especially 

Developmental Coordination Disorder (DCD),2 with a prevalence in childhood of 5 to 15%.3,4 

Another reason may be the rising frequency of under-stimulation due to the decreasing 

levels of physical activity in children.5 Besides, the increased awareness of the relevance of 

motor development among both care providers and parents may have led to an increase in 

the identification of these problems.

Children with motor developmental problems often feel less socially accepted, have a lower 

self-efficacy, and higher levels of anxiety.6–8 Consequently, these children participate less in 

physical activities, increasing the risk of becoming overweight with adverse consequences 

of their physical and psychosocial health. The resulting cumulative effects of motor 

developmental problems and under-stimulation may lead to an even relatively bigger 

deviation from normal development at later ages.9

Early assessment could help to minimize the adverse consequences of motor problems such 

as DCD. The earliest age at which DCD is usually assessed is 5 years.4 Assessment before 

age 5 is not recommended, unless there is a severe motor impairment.4,10 Around the age 

of 5 years, children’s basic motor skills should be sufficiently developed to be able to learn 

advanced motor skills that are needed for sports and academic, social, and emotional 

functioning. Therefore, children with any underlying cause of a motor developmental 

problem can benefit from an assessment at age 5. This is so, since a stimulating learning 

environment and a pro-active approach of school may prevent or reverse an on-going delay 

in motor development.4

In the Netherlands, Preventive Child Health Care (PCHC) professionals, pediatric 

physiotherapists (on indication), and an increasing number of physical education (PE) 

teachers at primary schools assess the motor skills at age 5, using different performance-

based tests.11 PCHC professionals use the Baecke-Fassaert Motor Test (BFMT)12–14, pediatric 

physiotherapist generally use the MABC,15,16 while a large number of PE teachers in Dutch 

primary schools use the 8- or 4- Skills Scan17–20 to assess the gross motor skills at this age.

In contrast to validated questionnaires on motor skills, evidence lacks regarding the 

discriminative ability of these frequently applied Dutch performance-based tests. Until now, 
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nor the BFMT or the 8- or 4-Skills Scan have been studied extensively. The BFMT has been 

normed for Dutch children aged 5 to 6,5 years (n=1800), in primary education in 1984. In 

2016, the BFMT has been compared with the Dutch version of the MABC-2 (n= 61) showing 

a fair value of the Cohen’s kappa (0.45; 95% CI: 0.28-0.61).21 Regarding the 8- or 4-Skills 

Scans: no scientific literature can be found on the clinimetric characteristics of these tests.

Therefore, our first aim was to investigate the concurrent validity and discriminative ability 

of the BFMT, the 8-Skills Scan and the less extensive version of this test, the 4-Skills Scan, 

with the Dutch version of the MABC as the reference for motor skills.

Typically, motor skills are categorized into two groups: gross motor versus fine motor skills, 

which represent different aspects of motor development. Delays in gross and fine motor 

skills require different types of treatment.22,23 Therefore, the second aim was to assess the 

concordance between the total, gross, and fine motor scores within and between tests, 

because the 8- and 4-Skills Scan are used to test gross motor skills only.

Methods

Design,	Setting	and	Population

The motor skills of 5-year-old children from three primary schools, situated in different parts 

of Amsterdam, were assessed during their physical education lessons. Inclusion criteria for 

analysis were the following: (1) the child had no medical history with problems, such as 

a physical or neurological disability, that could influence motor development; and (2) the 

child had an IQ rating ≥70.

First, written consent was obtained from schools to participate in the study before parents 

of children were asked to participate in the study. Then, parents of all children and the 

teachers were informed during an information meeting and handed a written information 

letter, accompanied with the opportunity to opt-out. The Ethics Committee Human 

Movement Sciences, VU University Amsterdam, assessed that the rules laid down in the 

Medical Research Involving Human Subjects Act (also known by its Dutch abbreviation 

WMO), did not apply to this research proposal.

Sample	Size	Calculation

The power calculation was based on the binormal approximation to the standard errors of 

the AUC.24 On the basis of the cut-off at the 15th percentile of the MABC, the total sample size 

needed was N=99, in order to find an AUC of 0.8 as significantly different from 0.6 (which we 
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assumed that would be the AUC on the basis of medical judgment by professionals), with a 

power of 80% and a confidence of 95%.

Procedure

All children were tested on the same day. The first child started with the MABC (followed by 

the BFMT and the 8- and 4-Skills Scan), the second with the BFMT (followed by the 8- and 

4-Skills Scan and the MABC), and the third with the 8- and 4-Skills Scan (followed by the 

MABC and the BFMT), and so on. All motor tests were performed by two assistants, who 

were trained in applying and scoring the tests according to strict protocols.

Measurements

Baecke-Fassaart	Motor	 Test	 (BFMT).	The BFMT assesses gross and fine motor skills for 

children aged 5 to 6.5 years, and takes about 10 minutes per child13,14 (see Table 1). The 

assessment of each item consists of two categories: sufficient (score=1) and insufficient 

motor control (score=0). The maximum score is 13 points. Finally, the total (or sum) scores 

of these items can be compared with age- and gender-specific scores of a norm group, which 

have been transformed into percentiles. According to Laurent de Angulo et al.,13 in PCHC 

practice the cut-off score is set at the 10th percentile (P10), corrected for age and gender. A 

score below this cut-off is considered as indicating a delay of motor development.13,14

8-	and	4-Skills	Scan.	The 8- and 4-Skills Scan both assess gross motor skills for the ages 2 

to 13 years. The 4-Skills Scan is the result of an experts’ consultation to make the 8-Skills 

Scan more feasible, resulting in a choice for four items which are most discriminating, but 

still covering the three domains of the 8-Skills Scan (see Table 1). The 4-Skills Scan has been 

proven a reliable test,19 and includes the following items: ‘bouncing (ball)’, ‘one-leg balance’, 

‘jumping force’, and ‘jumping coordination’.

Each sub-scale of the 8- and 4-Skills Scan is divided into 9 difficulty levels; and each level 

matches a certain calendar age between 2 and 13 years. Therefore, the 8- and 4-Skills Scans 

can be seen as a matrix with 8 (or 4) (sub-scales) times 9 possibilities, and motor age as the 

main outcome measure. For the 4-Skills Scan, raw data were converted into motor age as 

follows:

!"#"$ !"# = (!"#"! ′!"#"$%&′+ !"#"! ′!"#$%&' !"#$%′+  !"#"! ′!"#$%&' !""#$%&'(%"&′+  !"#"! ′!"#$%&$' !"##′)
 4  
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For the 8-Skills Scan, raw data were converted likewise, whereby the nominator equals 8 

and the denominator equals the sum of the scores of all 8 sub-scales. Testing takes about 8 

and 16 minutes per participant, respectively.

MABC.	The MABC, validated in the Dutch population, was used as a reference standard, 

assessing both gross and fine motor skills (see Table 1). The MABC is used worldwide and 

is considered to be a reliable and valid instrument for assessing motor skills,15 and has 

been used as a standard in numerous studies to assess the validity and discriminative 

ability of motor tests.25–28 We used the first version of the MABC because, at the time of 

the measurements (2012-2014), the MABC-2 had not yet been fully implemented in the 

Netherlands. Furthermore, at that moment, most other motor screening tests have been 

validated with this version, enabling a better comparison between studies.

In the Netherlands, the MABC is mandatory to establish the diagnosis DCD.16,29. The MABC 

results in a ‘Total Impairment Score’. This implies that a higher score signifies a reduced 

level of motor skill mastery. The MABC takes about 30 minutes per participant.

Table 1. Test items of the MABC, the BFMT and the 8 and 4-Skills Scan

Sub-scales MABC BFMT 8- and 4-Skills Scan
Fine motor skills posting coins in a bank box copying figures

drawing a line into a trail drawing a line into a trail
threading beads putting dots

finger-thumb opposition
eye movements
top-nose test
diadochokinesis
tying shoelaces

Gross motor skills    
Ball skills catching a bean bag bouncing ball*

rolling a ball into a goal catching a ball

Balance one-leg balance one-leg balance one-leg balance*
jumping over a cord walking on a line balancing (on a beam)
walking heels raised on a line heel walking

Locomotion hopping jumping force*
Other jumping over a line jumping coordination*

climbing
  rolling over

* These items belong to both the 8- and 4-Skills Scan; the other items only belong to the 8 Skills Scan
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Statistical	Analyses

We assessed the concurrent validity between the total, gross, and fine motor scores within 

and between the tests, on the basis of Spearman’s correlation coefficients, as the data were 

not normally distributed.

The discriminative ability of the BFMT and the 8- and 4-Skills Scan was assessed by 

calculating the area under the ROC-curve (AUC). The 15th percentile of the MABC was 

used as the cut-off score. This was done based on the original reference population as can 

be found in the MABC manual.16 With that, including both more serious and mild motor 

problems.27,29 Both conditions need follow-up and/or treatment.27 The 15th percentile of the 

original reference population is not given in the MABC manual for the fine and gross motor 

sections separately. Therefore, in order to assess the discriminative ability based on the 

gross or fine motor section of the MABC separately, the 15th percentile on the MABC of our 

study sample was chosen as the reference cut-off value for the total, gross, and fine motor 

sections of the BFMT, and the gross motor section of the 8- and 4-Skills Scan. These cut-off 

values corresponded to a motor score of 9.0 (total), 7.0 (gross) and 3.7 (fine), respectively.

Sensitivity and specificity of the motor scores were calculated at optimal cut-offs using the 

MABC as the reference standard. Optimal cut-off values were calculated with the Youden 

Index (Youden index (J) = max (sensitivity + specificity - 1), 30 giving equal weight to sensitivity 

and specificity. For the BFMT, sensitivity and specificity were also calculated at the current 

applied cut-off point (namely P10; which is not necessarily equal to the optimal cut-off, as 

calculated in this study).

The primary purpose of screening tests is early detection of (potential) health disorders or 

its risk factors in the general population. For this, the usual requirement for screening tests 

is a sensitivity of at least 80% and a specificity of at least 90%.31 

Missing Data

A pairwise handling of missing data was used. There were missing values in one of the test-

items of the 8- or 4-Skills Scan of 5 children. Therefore, the analyses were based on n=111 

(involving the 8- or 4-Skills Scan) or n=116 (not involving the 8- or 4-Skills Scan). Analyses 

were performed with SPSS statistical software, version 26.0 for Mac (SPSS Inc. Chicago ILL).
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Results

Background	Characteristics

A total of 116 children, 48 boys (40%) and 71 girls (60%), participated in the study. Their 

mean age was 5.6 years (SD: 0.28). For 5 children, the tests results of the 8- and 4-Skills Scan 

were missing, because of missing test item values. In total, 14 children fell below the 15th 

percentile, according to the MABC. The gender and age distribution of the schools, which 

were situated in neighborhoods with a different socio-economic status, is shown in Table 2.

Table 2. Background characteristics of the children (N=116) over the three schools, supplemented 
with the data from the MABC, BFMT, 8- and 4-Skills Scan

  School
 Ethnicity26 * Total A B C

Western (%) 51.6 89.9 36 50.2
Non-Western (%) 48.4 10.1 64 49.8

SES z-scores24,33  **  0.30 1.15 -1.87

Number of children 116 30 22 64
boys (%) 47 (40.3%) 16 (53.3%) 9 (40.9%) 23 (35.9%)
girls (%) 69 (59.7%) 14 (46.7%) 13 (59.1%) 41 (64.1%)

Mean age in years (SD) 5.55 (0.28) 5.51 (0.31) 5.36 (0.31) 5.52 (0.29)

Mean and standard deviation for test results of the MABC, BFMT, 8- and 4-Skills Scan 
M-ABC total 4.04 (4.22) 3.40 (3.45) 5.36 (4.97) 3.88 (4.24)
M-ABC gross 2.82 (3.16) 2.42 (2.72) 3.30 (3.16) 2.85 (3.37)
M-ABC fine 1.18 (1.75) 0.83 (1.50) 2.07 (2.18) 1.03 (1.61)
BFMT total 8.97 (2.18) 9.33 (1.86) 8.55 (2.30) 8.94 (2.27)
BFMT gross 4.23 (0.94) 4.30 (0.88) 4.18 (1.01) 4.22 (0.95)
BFMT fine 4.73 (1.67) 5.03 (1.56) 4.36 (1.87) 4.21 (0.95)
8-Skills Scan 5.18 (0.42) 5.17 (0.28) 5.04 (0.46) 5.23 (0.45)
4-Skills Scan 5.33 (0.54) 5.28 (0.42) 5.14 (0.56) 5.43 (0.58)

MABC: Movement Assessment Battery for Children; BFMT: Baecke Fassaart Motor Test
* Ethic origin as defined by the Municipality of Amsterdam26 is based on someone’s migration 
background by: one’s country of birth (first generation) or by mother’s country of birth (second 
generation).
** The socioeconomic status scores (SES), which are made available by the Social and Cultural Planning 
Office (SCP) in The Hague, the Netherlands, are composed of three elements: income, employment 
and education level. This status scores can be considered as a global estimation of the socioeconomic 
status of the parents of the children at these schools.32
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Concurrent Validity

Table 3 lists the correlations between the gross and fine motor section, and the total score 

of the MABC, BFMT, and the 8- and 4-Skills Scan for all children. All correlations were 

significant (p<0.01). The correlations between the total motor scores of the BFMT and the 

MABC were moderate33,34: r = -.58 (95% CI: -.69 to -.43).

Gross	motor	skills	section.	The correlations regarding the gross motor scores between the 

BFMT, 8- and 4-Skills Scan and the MABC were moderate to strong: r= -0.65 (95% CI: -.76 to 

-.52), -0.63 (95% CI: -.73 to -.49), and -0.51 (95% CI: -.64 to -.35) respectively.

Fine	motor	skills	section.	The correlation between the fine motor score of the BFMT and 

the fine motor score of the MABC was moderate (see Table 3).

Gross	and	fine	motor	skills	section.	The correlations between gross motor sub-scores and 

fine motor sub-scores, within or between tests, were moderate but significant and varied 

between 0.30 and 0.45.

The correlation between the total score and the sub-scores within tests differed remarkably. 

The relationship between the total and fine motor skills of the BFMT was stronger than 

between the total and gross motor score of the BFMT; whereas a stronger relation was 

found between the total and gross motor score of the MABC than between the total and 

fine motor score of the MABC. This suggests that the contribution of the separate gross and 

fine motor score to the total motor score differed substantially for the MABC and BFMT.
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Discriminative	Ability

Table 4a displays the AUC and the sensitivity and specificity for the BFMT and 8- and 4-Skills 

Scan related to the cut-off score of the MABC, representing the 15th percentile score in 

the reference population.27 These AUC’s ranged from 0.844 to 0.905. The sensitivity and 

specificity of these tests at optimal cut-offs ranged from 78.6 to 92.2% and from 73.2 to 

78.4% respectively. It should be noted that the sensitivity and specificity of the BFMT at 

currently applied cut-offs (P10) was quite different, namely 35.7 and 93.1% respectively, 

suggesting other cut-offs should be used for the BFMT.

Table 4b displays the results related to the 15th percentile scores calculated on the basis of 

our own study population for the total, gross, and fine motor scores. For the total motor 

scores of the BFMT, the 8- and 4-Skills Scan, the results were very similar to the results 

when using the 15th percentile of the MABC in the reference population. The AUC’s for the 

gross motor scores of the BFMT and the 8- and 4-Skills Scan using the 15th percentile of the 

study population ranged from 0.746 to 0.884. With respect to the gross motor scores, the 

sensitivity was highest for the 4-Skills Scan and the specificity was highest for the BFMT. 

The AUC for the fine motor score of the BFMT was 0.709, with a sensitivity of 68.8 and a 

specificity of 64.0% at optimal cut-offs. Based on the information in Table 4, the number of 

children that have been categorized correctly as having a motor problem or not having a 

motor problem, on the basis of the three motor skill tests, can be found in Table 5. Figure 1 

displays ROC-curves for the main analyses, with figure 1a representing the ROC-plot for the 

total test scores of the BFMT, 8- and 4-Skills Scan with the total MABC as reference. Figure 

1b represents the ROC-plot of the gross motor section of the BFMT, 8- and 4-Skills Scan 

with the gross motor skills section of the MABC as reference. In Figure 1c, the ROC-plot of 

the fine motor section between the BFMT and the fine motor skills section of the MABC is 

presented.
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Table	4.	AUC, sensitivity, specificity for cut-off values of the BFMT, the 8- and 4-Skills Scan (N range 
from 111 to 116).

Table	4a. The total motor scores using the MABC as reference, with the 15th percentile in the reference 
population.

(MABC total) BFMT total* 8-Skills Scan 4-Skills Scan
N 116 111 111
Cut-off score 7.5 5.1 5.1
Sensitivity (%) 78.6 92.2 78.6
Specificity (%) 78.4 73.2 76.3
AUC (95% CI) 0.853 (0.757-0.949) 0.905 (0.837-0.972) 0.844 (0.730-0.957)

* At the currently applied cut-off score, the sensitivity =35.7% and the specificity = 93.1%

Table	4b.	The total motor, gross motor, and fine motor scores, using the MABC as reference, with the 
15th percentile of the current study population.

(MABC total) BFMT total 8-Skills Scan 4-Skills Scan
N 116 111 111
Cut-off score 7.5 5.1 5.1
Sensitivity (%) 77,8 94,4 72,2
Specificity (%) 80,6 76,3 77,4
AUC (95% CI) 0.869 (0.786-0.952) 0.903 (0.843-0.963) 0.828 (0.726-0.929)

(MABC gross) BFMT gross 8-Skills Scan 4-Skills Scan
N 116 111 111
Cut-off score 4.5 5.1 4.9
Sensitivity (%) 100 88,2 47,1
Specificity (%) 61,2 74,5 92,6
AUC (95% CI) 0.884 (0.818-0.949) 0.870 (0.790-0.951) 0.746 (0.613-0.878)

(MABC fine) BFMT fine
N 116

Cut-off score 4.5
Sensitivity (%) 68.8
Specificity (%) 64.0
AUC (95% CI) 0.709 (0.585-0.834)
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Table 5. Children with an indication for a motor problem according to the MABC in relationship to a 
‘motor problem’ and ‘no motor problem’ according to the BFMT, 8- and 4-Skills Scan

Test
 MABC total
 ≤ PC 15th > PC 15th

BFMT (optimal cut-off) motor problem 11 22

(n=116) no motor problem 3 80

BFMT (at P10) motor problem 5 7

(n=116) no motor problem 9 95

8-Skills Scan (optimal cut-off) motor problem 13 26

(n=111) no motor problem 1 71

4-Skills Scan (optimal cut-off) motor problem 11 23

(n=111) no motor problem 3  74  

MABC: Movement Assessment Battery for Children; BFMT: Baecke Fassaart Motor Test

   

Fig 1a. ROC plot with total MABC as state        Fig 1b. ROC plot with MABC gross as state  
variable variable  

Fig 1c. ROC plot with MABC fine as state variable

Figure 1. ROC plots of the BFMT (N=116) and the 
8- and 4-Skills Scan (N=111) for the total scores 
(Figure 1a), the gross motor scores (Figure 1b), 
and the fine motor scores (Figure 1c); related 
to the cut-off values of the total, gross and fine 
motor scores respectively (i.e. the 15th percentile) 
of the MABC, assessed in this population of 
5-year-old children
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Discussion

Our aim was to investigate the concurrent validity and discriminative ability of the BFMT, 

the 8- and 4-Skills Scan with the MABC as reference standard. This was done for the total, 

gross and fine motor scores separately. Optimal cut-offs for the BFMT, the 8- and 4-Skills 

Scan were assessed. For the BFMT, the sensitivity and specificity were calculated for both 

the currently used and for the optimal cut-off values.

Concurrent	Validity	and	Discriminative	Ability

We found strong correlations between the total motor scores and gross motor scores of the 

BFMT, the 8- and 4-Skills Scan, and the MABC. Our results with respect to the 4 Skills Scan 

are in line with other study results of our group in which we found the same correlation of 

the 4-Skills Scan with the total motor score of MABC-2 for 5-9 years olds as in this study with 

the MABC for 5-year olds (i.e. r=0.56).20 

The correlations between the gross and fine motor scores within the four tests and between 

the four tests were low to moderate, indicating that gross and fine motor skills should be 

considered as separate aspects of motor skills. In other words, a sufficient total motor score 

may mask a deficient fine or gross motor score. At optimal cut-offs – as determined by 

the Youden Index – the discriminative ability of the total motor scores of the BFMT and 

the gross motor scores of 8- and 4-Skills Scan were reasonably high. The discriminative 

ability of the gross motor scores of these three tests was moderate to high, whereas the 

discriminative ability of the fine motor score of the BFMT was moderate. It should be noted 

that the sensitivity of the BFMT, with the use of currently applied cut-offs, was low. This may 

be caused by the fact that the currently applied cut-off value, which is the 10th percentile 

(P10), does not match the cut-off value of the MABC, which – in the case of the MABC – is 

the 15th percentile.15,16

None of the scores of the BFMT, the 8- and 4-Skills Scan fully met the criteria for diagnostic 

accuracy for screening of motor skills, which – according to the American Psychological 

Association – should have a sensitivity ≥80% and a specificity ≥90%.31 However, the 

correlations and diagnostic accuracy of the total and gross motor scores were close to 

acceptable. These unfavourable findings of concurrent validity and diagnostic accuracy 

are in line with other studies on performance-based motor skills tests, with exception of 
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one study about the MOT 4-6, which had a high sensitivity (88%) and specificity (90%) in a 

population of Belgian children.35 Though, the MOT 4-6 takes more time (15 to 20 minutes) in 

comparison to the BFMT, the 8- and 4-Skills Scan (with 10, 16, and 8 minutes, respectively), 

and is therefore less suitable for screening purposes in a practical setting.

Remarkably, at optimal cut-offs for the gross motor section of the BFMT, the sensitivity 

was 100%, whereas the specificity was only 61.2%. For the next most favourable cut-off, 

according to the Youden index, the sensitivity was 72.2% and the specificity 86.7%. This 

phenomenon may be explained by the fact that the scales of the sub-items of the BFMT 

are dichotomous. The test-items on the subscales of the 8- and 4-Skills Scan have more 

categories, allowing for a more precise assessment of motor skills development.

In studying the correlation between the gross and fine motor section and the total test 

scores, we found a stronger correlation between the gross motor section of the MABC 

with the total MABC, than between the fine motor section of the MABC and with the total 

MABC. This is in line with the study of Van Waelvelde et al.25,26 In contrast, we found a 

stronger correlation between the total motor score of the BFMT and the fine motor section 

of the BFMT, than between the total motor score of the BFMT and the gross motor section 

of the BFMT. These findings suggest that fine motor section contributed more to the final 

score of the BFMT, and the gross motor section more to the total motor score of the MABC. 

Differences in the proportion of gross motor and fine motor test items relative to the total 

test items might engender these outcomes. For both the MABC and the BFMT, the total test 

score is the sum of all the individual test items. Therefore, the number of test items per fine 

or gross motor category matter. For the MABC, out of the 8 test items, there were 5 gross 

motor test items (63%) and 3 fine motor test items (37%); while for the BFMT, out of the 13 

test items, there were 5 gross motor skill test items (38%) and 8 fine motor skill test items 

(62%).

The low correlations between gross and fine motor scores, in combination with the large 

difference between proportions of gross and fine motor test items of the M-ABC and the 

BFMT, may partly explain why the BFMT does not meet the requirements for screening yet. 

In addition, differences in motor construct between these tests might affect their mutual 

correlation.36 This may influence the validity of the tests negatively.
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Strengths	and	Limitations

An important strength of the study regards the use of designated test assistants who had not 

had previous contacts with these children, and the application of all tests on the same day 

whereby the first test for the children alternated, therefore preventing sequence effects. 

Another strength is that we studied the motor tests in a general population of healthy 

children from primary schools. A limitation may be that the MABC may not be a perfect 

reference test. This is because it has been argued that some skills, such as handwriting and 

functional performance, are not being measured by the MABC or MABC-2.37 However, the 

MABC-2 is currently considered to be the best choice as reference test.

It has been shown that the standard scores of the MABC-2 better meet, although not 

completely, the assumptions of a normal distribution.38,39 Therefore, we applied non-

parametric tests to assess correlations of the tests with the MABC. Although we used the 

previous version of the MABC-2, namely the MABC-1, we do not expect this to have a 

major impact on the conclusions of this study. The age-band for 5-year-old children of the 

MABC-2 is highly comparable to the first version of the MABC. The basic skills that are being 

tested are the same for MABC-1 and MABC-2, and only two test-items have been replaced 

by comparable test-items (i.e. the test item “rolling ball into goal” has been replaced by 

“throwing beanbag onto mat” which both assess throwing skills, and the test item “jumping 

over cord” by “jumping on mats”, which both assess balance).38 In addition, the correlations 

of a well-known motor test, the KTK, with the MABC-1 and the MABC-2 are equal,40,41 

implying that the differences between the MABC-1 and the MABC-2 is probably small.

 Also, the norm population of the MABC-1 (and MABC-2) is likely to be different with 

respect to ethnicity, although this has not been described for the MABC-1 or MABC-2.16,37,40 

This might have influenced the prevalence of motor problems in our population, since it is 

known that motor difference can be found between children with different cultural and/

or ethnic backgrounds at a young age.42 However, it is not very likely that the correlation 

between tests is influenced by ethnicity of the children. Besides, at least half of the variance 

in motor skills is likely to be influenced by the environment.43

Implications

Before definitive conclusions can be drawn about the value of the BFMT, 8- and 4-Skills 

Scan as screening instruments, this study should be replicated in other populations with 
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the MABC-2. Subsequently, adaptations of the tests that better align the construct of motor 

skills with the MABC are recommended in order to improve the sensitivity and specificity.

At this time, with respect to the BFMT, a relative quick and easy to implement improvement 

would be to change the currently applied cut-offs of the BFMT to the optimal cut-offs. 

Notably, replacing the dichotomous scales of the sub-items of the BFMT by using a scale with 

more categories or a continuous scale will probably also result in a better balance between 

sensitivity and specificity. Assessing cut-offs for gross and fine motor skills separately should 

be considered, as the correlation between gross and fine motor scores are low to moderate 

and therapeutic consequences of gross and fine motor skills problems differ. Finally, the 

decision on cut-offs should also be determined by whether a higher value is attached to a 

high sensitivity or, on the contrary, to a high specificity.

We recommend screening for motor skills at age 5, because of the possible serious academic 

and social impact of a motor skills delay later in life.6–8 Gross motor skills screening at this age 

allows for early detection of delayed motor skills and the use of effective interventions.4,44 

The examined motor skill tests did not fully meet the criteria for diagnostic accuracy for 

screening of motor skills. Yet, in a step-wise approach for motor skill screening, the BFMT, 8- 

or 4-Skills Scan could be used for screening purposes. This is particularly the case if screening 

can be done in the school setting, since all children attend school. This can be achieved by 

applying a sequential application of motor tests, such as gross motor skills screening at 

school, that if necessary, is followed by a more extensive motor skills test performed by 

the Preventive Child Health Care (PCHC) professional or pediatric physiotherapists. Such a 

stepwise approach in screening for motor developmental problems may have added value 

for the cost-effectiveness in medical decision-making. However, caution should be taken 

when interpreting the test results of the motor skills tests that were assessed in this study. 

Hereto, extra anamnestic information could support medical decision-making.
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Abstract

Adequate gross motor skills are an essential aspect of a child’s healthy development. Where 

physical education (PE) is part of the primary school curriculum, a strong curriculum-

based emphasis on evaluation and support of motor skill development in PE is apparent. 

Monitoring motor development is then a task for the PE teacher. In order to fulfil this task, 

teachers need adequate tools. The 4-Skills Scan is a quick and easily manageable gross motor 

skill instrument; however, its validity has never been assessed. Therefore, the purpose of 

this study is to assess the construct and concurrent validity of the 4-Skills Scan (version 2007 

and version 2015).

A total of 212 primary school children (6 - 12 years old), were requested to participate 

in both versions of the 4-Skills Scan. For assessing construct validity, children covered an 

obstacle course with video recordings for observation by an expert panel. For concurrent 

validity, a comparison was made with the MABC-2 and the gross motor section of the 

MABC-2 by calculating Pearson correlations. Multivariable linear regression analyses were 

performed to determine the contribution of each subscale to the construct of gross motor 

skills, according to the MABC-2 and the expert panel.

Correlations between the 4-Skills Scans and expert valuations were moderate, with 

coefficients of .47 (version 2007) and .46 (version 2015). Correlations between the 4-Skills 

Scans and the MABC-2 were moderate (r =.58) for version 2007 and version 2015 (r =.62). 

For the gross motor section of the MABC-2, correlations were also moderate for version 

2007 (r =.56)  and 2015 (r =.64), respectively.

It is concluded that both versions of the 4-Skills Scans are sufficiently valid instruments for 

assessing gross motor skills during PE lessons.

Keywords: motor skill assessment, physical education, primary school children, 

psychometrics, validity
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Introduction

Motor skill development is an essential aspect of a child’s healthy development and 

forms the basis for sports participation and an active and healthy lifestyle.1–4 Therefore, 

acquisition of Fundamental Movement Skills (FMS) is an important part of the primary 

school curriculum.2,5 Since learning is a cumulative process,6 a lack of physical play and 

exercise, and thus motor practice, may lead to an increased skill gap with peers. With less 

outdoor play time,7,8 only 56% of children aged four to eleven years old being physically 

active enough,9,10 and decreasing levels of motor skills,11,12 school seems increasingly 

important when it comes to the development of gross motor skills. Physical education 

(PE) consequently plays a major role in motor skill development,13,14 and more and more 

evidence has found that PE has a positive influence on FMS development15. 

In the Netherlands, PE is part of the primary school curriculum. Consequently, a strong 

curriculum-based emphasis on evaluation and support of motor skill development in 

PE is apparent. The rationale behind monitoring the development of gross motor skills 

is threefold. Firstly, monitoring gross motor skills enables the PE teacher to adapt the 

lessons in terms of diversity and difficulty, so that it matches everyone’s ‘zone of proximal 

development’.16 Hence, in a good learning environment, it is essential that each child can 

engage in the presented activity while being challenged to extend his or her skill ability. 

This is especially important in mixed-ability classes. Secondly, it allows for the possibility of 

evaluating the effectiveness of a given series of lessons, which creates a beneficial feedback 

loop for the professional PE teacher that is usually missing in the PE context. Thirdly, it 

enables the recommended early detection of derailed or delayed motor development,17,18 

allowing for further assessment (and treatment) after referral to a preventive child health 

care physician (PCHC physician), general practitioner, or pediatric physiotherapist. 

 Although there is a solid rationale for monitoring the motor development of each 

child in primary school, daily practice shows that monitoring is often lacking. Rink19 indicated 

that the main problem of motor skill assessment during PE lessons is the impracticality or 

time-consuming character of most instruments. This makes them unsuitable for educational 

purposes. In general, instruments with known reliability and validity are to be preferred. 

PE teachers, however, only have a few instruments to choose from, and feasible tests 

with known reliability and validity are not available. In The Netherlands, this resulted in a 

situation where many PE teachers use the 4-Skills Scan of Van Gelder.20,21 Although the test 
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was found reliable,22 and has been validated for 5-year-old children,23 its validity for children 

6 to 12 years old remains unknown. In contrast, health care professionals often use the 

MABC-2,17,24 which is a diagnostic test. However, due to the necessary test material and the 

time it takes to conduct it, the MABC-2 is an unpractical test for the PE setting.

The 4-Skills Scan is an easily conducted gross motor skill test and was specifically developed 

for the PE setting. The current version of the 4-Skills Scan was designed carefully, through 

many iterations, after fifteen years of gathering feedback from hundreds of PE teachers.21 

An important and appealing aspect of the test is that the difficulty levels correspond to 

calendar age. Hence, the test outcome is expressed in motor age in comparison to the 

calendar age. This test has received little scientific attention yet, however, in a previous 

study22 we showed that the 4-Skills Scan is a reliable test for assessing gross motor skills 

during PE lessons. In this follow-up study, our aim was to assess the construct (gold standard) 

and concurrent validity of the 4-Skills Scan (version 2007) and its updated version (4-Skills 

Scan 2015).

Method

Design	and	Study	Population

Twenty-one primary schools that are part of the Measuring Motor Skills of children in 

Primary Education (MAMBO) cohort were approached for participation in this validation 

study. Flyers were spread amongst schools and information meetings about the purpose 

and method of the study were held. This resulted in the inclusion of 9 participating schools 

from different geographical and socio-economic areas of Amsterdam. After a weighted 

randomization for motor skill level, 550 children and their parents received an information 

letter including an invitation to participate in the study. Children gave assent to participation 

and a signed informed consent was obtained from a parent or caregiver. This resulted in 212 

included children (50% boys, 50% girls, mean age 9.16 years; SD 1.84, age range 6–12 years). 

The children were transported by bus to the test location of the Amsterdam University 

of Applied Sciences (HvA). The study protocol was approved by the Scientific and Ethical 

Review Board (VCWE) of the Faculty of Behavioural & Movement Sciences, VU University 

Amsterdam (VCWE-2015-171).
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The	4-Skills	Scan

Van Gelder’s 4-Skills Scan20,21 was used for assessing the children’s gross motor skills. This 

quantitative motor performance test finds its origin in Ayres’ motor development theory,25,26 

which links the development of sensory integration with age, to gross motor performance. 

The development of gross motor skill is reflected in the age-related difficulty levels in the 

4-Skills Scan. The 4-Skills Scan covers the main FMS1 with four subscales: 1. “jumping-

force”, which can be considered a locomotion task; 2. “bouncing ball”, which is considered 

a manipulative or object control task; 3. “standing-still”, which is considered a stability task; 

and 4. “Jumping-coordination”, which can be considered a dynamic stability task (twisting), 

involving rhythmic jumping with coordinated arm and leg movements. Subscales for each 

test item are composed of a series of similar tasks that increase in difficulty with age.27 For 

the 4-Skills Scan version of 2007,20 nine age related difficulty levels were defined; for the 

2015 version, there were eleven difficulty levels.21 Each subscale score reflects the expected 

performance level for a certain age. The test outcome is the combination of the subscales 

in years, calculated as follows: 

!"#"$ !"# = (!"#"! ′!"#"$%&′+ !"#"! ′!"#$%&' !"#$%′+  !"#"! ′!"#$%&' !""#$%&'(%"&′+  !"#"! ′!"#$%&$' !"##′)
 4  

Motor Age is then compared to calendar age in order to determine ‘motor lead’, the motor 

skill performance relative to calendar age:
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀	𝑙𝑙𝑎𝑎𝑎𝑎𝑐𝑐	(𝑦𝑦𝑎𝑎𝑎𝑎𝑀𝑀𝑦𝑦) = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀	𝑎𝑎𝑎𝑎𝑎𝑎	(𝑦𝑦𝑎𝑎𝑎𝑎𝑀𝑀𝑦𝑦) − 	𝑏𝑏𝑎𝑎𝑙𝑙𝑎𝑎𝑏𝑏𝑐𝑐𝑎𝑎𝑀𝑀	𝑎𝑎𝑎𝑎𝑎𝑎	(𝑦𝑦𝑎𝑎𝑎𝑎𝑀𝑀𝑦𝑦) 
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In a previous study, ICC’s of .93 and .97 were found for test-retest and inter-rater reliability 

respectively.22 Current research revealed a linear relationship between Motor Age and 

calendar age for the age range of 5 to 10 years, after which a small divergent trend is 

noticeable. 28

Construct Validity

There is no gold standard for motor skills. So in order to get as close to the non-existing gold 

standard as possible, Surowiecki’s29 concept ‘wisdom of the crowds’ was introduced as a 

method to find a good representation of the true motor skill level of children. 

In order to test this innovative method in the PE setting, a pilot study was performed where 

the outcome of the test was compared to the valuation of a panel of experts who were 

presented with video footage of children covering an obstacle course. The pilot study 

focused on the practicalities of the obstacle course’s layout, its difficulty, and the instructions 

the children were given. The pilot study revealed that the valuation of experts using video 

footage is appropriate.30 The experience also led to a series of changes to the set-up of the 

experiment: 1. Build the obstacle course in one central location in order to be able to enrich 

its landscape of motor affordances; 2. Tailor the difficulty of the obstacle course to smaller 

age-related cohorts; 3. Implement a time-trial section in the obstacle course; 4. Present 

clear and standardized (video) instruction to the participating children; and 5. Provide clear 

instructions and information to the expert panel regarding the instruction to the children. 

 For the current study, a larger expert panel was formed, based on the three 

conditions defined by Surowiecki: a diverse, independent group with a certain degree 

of geographical decentralization. The expert panel consisted of 36 PCHC physicians, 28 

PE teachers, and 30 paediatric physiotherapists from different geographical areas in the 

Netherlands. They were asked to rate children’s gross motor skills based on 3-minute video 

clips of individual children covering an obstacle course. Valuation of skill level by video clips 

has been successfully used in studies before.31,32

Three versions of an obstacle course were developed with varying degrees of difficulty 

(see appendix). The obstacle course consisted of several fundamental movement tasks 

(locomotion, balance, and object manipulation1) and was based on seven out of twelve 

defined learning objectives for teaching PE in primary education in The Netherlands as 

well, namely balancing, climbing, swinging, forward rolling, jumping, running, and aiming.33 

Besides overall gross motor skills, experts were asked to score on the following sub-domains 
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of gross motor skills: balance skills, locomotion skills, ball skills, and jumping skills. The 

scoring was done according to a 100-points slider scale from 0 to 10.  

Concurrent Validity

The Movement Assessment Battery for Children – 2nd edition (MABC-2) is the revised 

version of the original M-ABC.34 It is one of the most frequently used motor skills tests 

by health care professionals worldwide, often applied to detect delayed or derailed motor 

development and for diagnosing Development Coordination Disorder.17,24,34,35 Since there is 

no true gold standard, and given its well-known status, researchers often see the MABC-2 

as an alternative to a gold standard. This is why several studies have applied the MABC-2 to 

examine the validity of new assessment tools.36,37 However, the MABC-2 was designed for 

application in a clinical setting, whereas the 4-Skills-Scan was designed for the PE setting as 

a screening tool for all children at primary school that participate in PE lessons. Here, an 

important purpose of motor testing is detecting children with motor delays. Therefore, a 

comparison with the MABC-2 for concurrent validity seems legitimate. For our study, the 

Dutch version of the MABC-2 was used.38 The combined standard scores of the categories 

‘aiming & catching’ and ‘balance’ of the MABC-2 were used as a representation of the gross 

motor skills. The total score of the MABC-2 was analysed as well.

Procedure

All measurements took place in a large sports hall (24 m. x 22 m.) that was split into three 

parts (see appendix). Throughout half a day, 17 trained test conductors would welcome 

about 27 children from a single school. This was followed by a short explanation of the 

purpose of this special ‘sports day’. Children were then allowed to experience the obstacle 

course one time before being split into three age-related cohorts. Subsequently, one cohort 

began performing the two versions of the 4-Skills Scan, while the second cohort started 

out with the MABC-2, and the third cohort covered the age corresponding version of the 

obstacle course. After finishing, children proceeded to the next study element in another 

part of the sports hall, until every child had performed both versions of the 4-Skills Scan, the 

MABC-2, and the obstacle course.

Data	Collection	and	Analyses

Data collection for the 4-Skills Scans and the MABC-2 was done digitally with dedicated 
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Filemaker Pro39 apps on iPad Airs. In order to collect expert valuations, video clips were 

uploaded in Qualtrics software40 and experts were invited to participate in a video 

questionnaire by e-mail, accompanied with a personal login and password. Each expert 

viewed a total of 31 videos. Each video showed the performance of one child on the 

obstacle course. The videos were presented to the experts in random order, but the order 

was clustered by age-band and predicted motor skill level. For each video, the expert filled in 

a questionnaire and rated the motor skill level of the child performing the obstacle course.

Since the 4-Skills Scans, the MABC-2, and expert valuations all have continuous scores, 

correlation is the preferred statistical method.41 The strength of the correlation were 

interpreted as: weak (≤0.4), moderate (0.41 - 0.7) and strong (0.71 - 1).42,43 Assumptions for 

normality were met and Pearson correlations were calculated between the 4-Skills Scans 

and the expert valuations for construct validity, and between the 4-Skills Scans and the 

MABC-2 for concurrent validity. Hence, a double validation was carried out.

In order to define the contribution of each subscale to the construct of gross motor skills, 

a multivariable linear regression analysis was performed. This way, strong or possible 

redundant subscales could be identified.

 Missing data. Multiple imputation (MI) was applied by means of linear regression 

with the Markov chain Monte Carlo algorithm. Missing values were imputed at subscale 

level, as recommended by Eekhout et al.44, for the two versions of the 4-Skills Scan as well 

as the MABC-2. The maximal percentage of missing values for any of the imputed variables 

was 8.9%. The dataset was imputed 10 times with 10 iterations each. Values were only 

imputed if no more than one item per measurement instrument was missing. Otherwise, 

the child was excluded from analyses. Expert valuation for motor skills was excluded as a 

predictor for missing values in order to avoid any imputed dependency. For all analyses, 

SPSS version 21 statistical analysis package for Macintosh was used.

Results

The gross motor skill ability data measured for the 212 children with the 4-Skills Scans, 

expert panel, and the MABC-2 is presented in Table 1. It should be noted that the metrics to 

express the motor ability differ for the different tests.
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Table 1. Pooled results for the 4-Skills Scans, Expert valuation, and MABC-2 (gross)

 4-Skills Scan 
(2015)

4-Skills Scan 
(2007)

Experts 
valuation

MABC-2 MABC-2 
(gross)

Motor Age 
(yrs)

Motor Age 
(yrs)

score 
(1-10)

std score 
(1-19)

std score 
(1-19)

Study sample N Mean SD Mean SD Mean SD Mean SD Mean SD

Total Group 212 8.92 1.99 8.51 2.02 7.03 1.02 7.54 3.22 8.53 2.38

junior grades (age 5-9) 103 7.51 1.56 7.08 1.23 6.82 0.97 8.12 3.20 8.85 2.41

senior grades (age 9-12) 109 10.27 1.30 9.88 1.64 7.24 1.03 7.00 3.15 8.23 2.32

In studying the construct validity, moderate positive overall pooled correlations were found 

between both versions of the 4-Skills Scan and the experts’ valuation (.47 for version 2007 

and .46 for version 2015). 

With respect to the assessment of the concurrent validity moderate pooled correlation (.56 

for version 2007 and .64 for version 2015) were found between the 4-Skills Scan and the 

gross motor section of the MABC-2. With correlations of .58 (version 2007) and .62 (version 

2015), the total MABC-2 gave similar results (see Table 2).

Table 2. Pearson correlations on pooled results between the 4-Skills Scans (motor lead), expert 
valuation, and MABC-2 (gross)

Study sample
4-Skills Scan 

(2015)
Expert 

valuation
MABC-2 MABC-2 

(gross)
4-Skills Scan (2007)

Total Group 0.75* 0.47* 0.58* 0.56*

junior grades (age 5-9) 0.75* 0.51* 0.56* 0.53*

senior grades (age 9-12) 0.75* 0.55* 0.58* 0.59*

4-Skills Scan (2015)

Total Group - 0.46* 0.62* 0.64*

junior grades (age 5-9) 0.53* 0.65* 0.67*

senior grades (age 9-12)  0.50* 0.58* 0.60*

N range from 194 to 211; *p<.001
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Table 3 presents the results of linear regression analyses with expert valuations and MABC-

2 (gross) as the dependent variables. It shows that, with regard to the entire group, all 

β-coefficients and thus all subscales of the 2015 version, contributed significantly to the 

predicted outcome on the MABC-2 (gross), whereas for the 2007 version, subscale ‘standing 

still’ did not contribute significantly to the predicted MABC-2 (gross) outcome. Also, for the 

expert valuations as the dependent variable, bouncing (ball) and jumping force are found to 

be the strongest predictors.

Discussion

Validity is an important psychometric property of a gross motor test. The absence of a gold 

standard presented a challenge to determine that property for the two versions of the 

4-Skills Scan. This study opted for a dual approach. In line with many previous validation 

studies, concurrent validity was assessed by comparing test results with the MABC-2. The 

valuations of a panel of experts were used to assess construct validity.

Concurrent Validity

For version 2007, moderate correlations of .58 were found with the MABC-2 and .56 with 

the gross motor skill section of the MABC-2. These results can be interpreted as the 4-Skills 

Scan being sufficiently valid for assessing gross motor skills in children 6 to 12 years old. 

The 2015 version showed a correlation of .62 with MABC-2 total score and .64 with the 

gross motor skill section of the MABC-2. This compares favourably to other validation 

studies of motor skill assessment instruments. For example, in a review study performed 

by Cools et al.,45 a correlation of -.53 was reported between the M-ABC and the BOTMP. 

An even weaker relationship (.30) was found between TGMD-2 and MABC-2 for 3 to 13 

years old children.46 Fransen et al.47 reported correlations of .44 regarding outcomes of 

the KörperkoordinationsTest für Kinder (KTK) with the Bruininks-Oseretsky Test of Motor 

Proficiency 2 (BOT-2), and .64 with the gross motor skill section of the BOT-2. 

Construct Validity

The expert panel approach was used as an alternative method to validate the 4-Skills Scan. 

Also, moderate but weaker correlations were observed between the expert valuations and 

both versions of the 4-Skills Scans (version 2007 and 2015). For version 2007, a correlation 
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of .47 was found and for version 2015 a correlation of .46 was found. The strength of these 

relations imply that the construct validity of the 4-Skills Scan is sufficiently high,42,43 and 

requires a follow-up study to assess the discriminative ability of the 4-Skills Scan in order to 

find out its suitability as a screening test.

Our findings were not quite in line with previous studies involving video observation.31,32 

It could be that the more holistic quantification of the children’s gross motor skills by 

the experts caused lower correlation than the correlation between two, more objective 

quantitative tests (i.e. MABC-2). Performance-based outcome tests like the MABC-2, leave 

little to no space for the interpretation of test results, and it is clear whether a test item was 

performed successfully. The expert panel in the current study was made up of experts from 

three different fields, and the diversity in educational background and working experience 

may have contributed to a more diverse assessment of similar motor skill ability. For 

instance, PE teachers and PCHC physicians may have a good sense of motor skill levels of 

the general population. In contrast, the reference for a typically skilled child may be biased 

for paediatric physiotherapists, since the majority of the children they see may not have a 

typical development. This may adversely affect our findings. A sensitivity analysis, which 

takes the background of the experts into account, could provide more clarity about this.

It could also be that the experts’ reference perspective of motor performance is susceptible 

to shifting, after viewing a number of children with above or below average gross motor 

skills. However, we believe that their reference point is relatively stable due to their 

thorough education and a working experience of 15.3 years on average.

The regression analyses showed that the subscales ‘standing still’ and ‘jumping coordination’ 

are less predictive for the MABC-2 (gross) and expert valuations. However, there seems to 

be little room for an ultra-short version of the test that is limited to the two subscales 

‘jumping force’ and ‘bouncing ball’. Additional analyses showed that with the MABC-2 

(gross) as the dependent variable, explained variance significantly drops from .43 to .41 

when leaving out the ‘jumping coordination’ subscale, and to .39 when leaving out the 

‘standing still’ subscale. With respect to the panel of experts, this would lead to explained 

variance to stay at .30.

In general, part of the lower-than-expected relationships and agreement between motor 

skill instruments may be explained by the absence of a gold standard, since new test 

developers cannot hold new tests against a common gold standard. Although many motor 
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skill instruments are believed to measure the same construct, the construct of motor skills 

might not be well-aligned in most cases, as the study by Fransen et al.47 pointed out. For 

instance, the KTK was found suitable for monitoring gross motor skills in typically developing 

children, albeit that dynamic balance skills seem over-represented.45,48 In addition, it is 

difficult to fully remove measuring physical fitness from the equation, and it may differ to 

what extent physical fitness is included by motor skill instruments. The inclusion of – even 

a small part of – a different construct, such as physical fitness, make these motor skills 

tests less comparable. Moreover, some instruments are particularly sensitive with regard to 

detecting children who have motor performance difficulties.45,48,49 For monitoring purposes, 

however, a sufficient responsiveness for a wide range of skill levels of the children is desired.

Perspectives

The moderate correlations with the panel of experts and the MABC-2 are comparable to 

relationships found in other studies.45 Thus, the results indicate that the outcome measure 

of the 4-Skills Scans can be considered a sufficiently valid reflection of gross motor skills. 

Thus, by using this test, PE teachers can collect valuable information regarding gross motor 

skill levels. This helps in setting up adequate PE lessons and follow-up trajectories for each 

individual child. In this sense, the current study can also be seen as an effort to support 

PE teachers to close the gap in gross motor skills between competent and less competent 

primary school children. This study demonstrated the feasible option of using a panel of 

diverse experts to provide a gold standard as well. To our best knowledge, no study has 

managed to compare and report expert valuations with quantitative motor skills instrument 

before.

Future research should focus on determining cut-off values, discriminative ability, and 

norm scores for the 4-Skill Scans. In addition, further optimization of flexible assessment 

regarding testing time and feasibility would be valuable to the field of PE.
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Conclusion

In conclusion, moderate positive correlations were found between the 4-Skills Scans and 

expert valuation, and between the 4-Skills Scan and the MABC-2. This indicates sufficient 

construct and concurrent validity. Therefore, the 4-Skills Scan can be regarded as a valid 

instrument for assessing gross motor skills in primary school children. This is especially so 

when taking into account that, during the PE lessons, only a limited amount of time can be 

spent on the assessment itself, and that children are being tested in a noisy environment.
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Appendix

Floor plan of the experimental setup

Explanation of the obstacle course: (1) Running and climbing over the vaulting boxes; (2) 

Jumping of the vaulting box; (3) running around the bench; (4) Slaloming around pylons; 

(5) Hopping on floor mat; (6) Walking over the wide and small balance bench; (7) Swaying 

underneath the parallel bar; (8) Throwing and catching different sized balls; (9) Climbing on 

the vaulting box; (10) jumping of the vaulting box; (11) Performing a forward roll.

 

jumping-force 
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CHAPTER 6

Abstract

Aim. Development of gross motor skills, as part of a child’s healthy development, is of 

significant importance. Within the school context, the physical education teacher can be an 

important professional contributing to this, both with respect to fostering that development 

and the monitoring of gross motor development, including the assessment of a possible 

delay in the development of gross motor skills. The 4-Skills Scan is one of the few gross 

motor skills tests designed for the physical education context. However, for early detection 

of a delay in the development of gross motor skills, no cut-off values have been established. 

Therefore, the aim of this study was to determine cut-off values for the categorization of 

sufficient (label green), mediocre (label orange), and insufficient (label red) gross motor skill 

performance. The consequential prevalence rates of children with a delayed development 

in gross motor skills were investigated. 

Methods. Two samples (n=5193 & n=212) of 6-to-12 years old children were used in order 

to determine age-dependent cut-off values for three motor skills categories based on the 5th 

and 15.86th percentile of the motor skills scores on the 4-Skills Scan, and a comparison was 

made with the MABC-2 by means of AUC analyses.

Results. Analyses resulted in age-dependent cut-off values for gross motor skills scores. 

In terms of diagnostic accuracy, the distinction of green-labelled from orange- and red-

labelled children is possible with AUC values of .78, matching an optimal sensitivity and 

specificity of 77% and 67%, respectively. Distinguishing between orange- and red-labelled 

children is possible with an AUC of .72, with an optimal sensitivity and specificity of 56% 

and 82%, respectively.

Conclusion. The discriminative power of the 4-Skills Scan is satisfactory. The 4-Skills Scan is 

a valuable instrument for the first selection of children with mediocre and insufficient gross 

motor skills by PE teachers.

  Keywords: cut-off values, ROC curve, 4-Skills Scan, motor testing, physical education
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Introduction

Early detection of a delay in the development of gross motor skills in primary school children 

enables timely interventions or remedial actions, minimizing or reversing the consequences 

of delayed gross motor skills development on several domains.1,2 This is important since, 

without treatment or extra support, children continue to suffer from the consequences of 

problems in motor coordination at a later age.3

In the school context, physical education (PE) contributes to the development of motor 

skills,4,5 and PE teachers often monitor motor skills development. In the Netherlands, PE 

teachers use the 4-Skills Scan for assessing the gross motor skills levels of primary school 

children during the PE lessons. Besides monitoring, assessing the likelihood of gross motor 

skills delays can be attributive. To facilitate a twofold use of the 4-Skills Scan, and combine 

monitoring with screening, it requires a continuous outcome measure to be linked with the 

three categories of gross motor ability (sufficient (label green), mediocre (label orange), and 

insufficient (label red)). Therefore, cut-off values for different categories of gross motor skill 

performance for the 4-skills would enable PE teachers to perform screening for delays in 

gross motor skills development.

Most screening- and diagnostic instruments are designed for dichotomous or trichotomous 

motor skills outcomes. In order to apply a certain degree of nuance in the screening 

outcome that connects to various follow-up trajectories, a trichotomous categorization is 

an attractive option. Currently, in the case of the 4-Skills Scan and a proposed follow-up care 

pathway by Willems et al.,6 the 4-Skills Scan is implemented in a diagnostic care pathway 

using a trichotomous ‘traffic light’ model. The 4-Skills Scan is the starting point of the care 

pathway and serves the purpose of being a screening instrument to make a first selection 

of children that may be in need of further scrutiny of their gross motor development by 

the preventive child health care. Three categories are suggested for the categorisation of 

gross motor skills, a green label for a normal motor development, an orange label for a mild 

motor delay, and a red label for a severe motor delay.6 This implies that two cut-off values, 

one between the green and orange group and one between the orange and red group, need 

to be defined.

In this paper, the question is raised whether the 4-Skills Scan has a high enough diagnostic 

accuracy to be used for screening purposes in the PE setting; and whether the label orange 

and red are indicative for a motor skills delay on the MABC-2. Therefore, the aim of this 
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paper was to find the optimal cut-off values for the 4-Skills Scan, in order to facilitate a 

trichotomous diagnostic care pathway for children with gross motor skills difficulties.

Method

Design,	Setting,	and	Study	Population

There are multiple ways to determine cut-off values for screening or diagnostic instruments. 

Although screening instruments are less time-consuming and less expensive than diagnostic 

instruments,7 similar methods for calculating cut-off values can be applied. In the case of 

multiple class diagnosis, DSM-V or ICD/WHO methods are used for setting cut-off values.8,9 

In the current cross-sectional study, two methods will be used, namely 1) the 15.86th 

percentile and the 5th percentile as cut-off points; and 2) a Receiver Operating Characteristic 

(ROC) analysis against the MABC-2. This will result in two sets of cut-off values, which will 

also create flexibility for the work field. For the two approaches, two separate datasets were 

used to perform the analyses on: 1) the MAMBO sample; and 2) the validation sub-sample. 

The	MAMBO	sample.	This sample consisted of 5,193 children with ages ranging from 6 

to 12 years old, from 24 different schools in Amsterdam, the Netherlands. It was a cross-

sectional extraction of the MAMBO-cohort (Measuring Amsterdam Motor Skills Primary 

Education), and collected in 2017. To ensure a representative sample of the population of 

Amsterdam, the participating schools were equally spread over the different neighborhoods 

of Amsterdam. Motor skills tests were performed during the school’s PE lessons. After 

removal of children with missing values for test items of the 4-Skills Scan, 4,946 children 

(50.5% boys, 49.5% girls, mean age 9.14 years; SD 1.79, age range 5–12 years) were included 

for analyses.

The	validation	sub-sample. An additional sample was obtained for the direct comparison of 

the 4-Skills Scan with the MABC-2. Using the MABC-2 as the reference for testing motor skills 

had our preference, since it is a well-known and commonly used motor skills test. However, 

the application of the MABC-2 is time consuming. Therefore, a weighted randomization for 

gross motor skills was applied, based on earlier measurement within the MAMBO cohort 

to achieve statistical efficiency and a reduction of the sample size needed. This means that 

relatively more children on the low and high end of the motor skills spectrum were invited 

to participate. This smaller sample (n=212) consisted of children from nine primary schools 

that were recruited from twenty-one schools that also participated in the MAMBO cohort. 
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550 Children were selected to participate. After a meeting with the school for providing 

information on the purpose and method of the study, information and letters with an 

invitation to participate were sent out. Children gave assent to participation and a signed 

informed consent was obtained from a parent or caregiver, resulting in the inclusion of 212 

children in the validation sub-sample. After the removal of non-imputable missing values, 

197 children were included for the analysis (50% boys, 50% girls, mean age 9.16 years; 

SD 1.84, age range 6–12 years). Children in the validation sub-sample participated both in 

the 4-Skills Scan, version 2015,10 and the Movement Assessment Battery for Children - 2nd 

edition (MABC-2).11

The study protocol has been approved by the Scientific and Ethical Review Board (VCWE) 

of the Faculty of Behavioural & Movement Sciences, VU University Amsterdam, the 

Netherlands (VCWE-2015-171).

4-Skills	Scan	

The 4-Skills Scan was designed in 2002 and has had a few updates since.10,12 In recent studies, 

the test has been found reliable and valid.13,14 In the current study, the last version of the 

test (version 2015) was used. Children were asked to carry out the four subscales of the 

4-Skills Scan: jumping-force, balance, jumping-coordination, and bouncing-ball according to 

the standard testing protocol.10 

The most used outcome measure of the 4-Skills Scan is ‘motor lead’, which is motor age 

in relation to calendar age. However, in order to obtain age-dependent cut-off values, the 

analysis on the MAMBO sample was done based on the relative motor lead, calculated as:

!"#"$ !"# = (!"#"! ′!"#"$%&′+ !"#"! ′!"#$%&' !"#$%′+  !"#"! ′!"#$%&' !""#$%&'(%"&′+  !"#"! ′!"#$%&$' !"##′)
 4  

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀	𝑙𝑙𝑎𝑎𝑎𝑎𝑐𝑐	(𝑦𝑦𝑎𝑎𝑎𝑎𝑀𝑀𝑦𝑦) = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀	𝑎𝑎𝑎𝑎𝑎𝑎	(𝑦𝑦𝑎𝑎𝑎𝑎𝑀𝑀𝑦𝑦) − 	𝑏𝑏𝑎𝑎𝑙𝑙𝑎𝑎𝑏𝑏𝑐𝑐𝑎𝑎𝑀𝑀	𝑎𝑎𝑎𝑎𝑎𝑎	(𝑦𝑦𝑎𝑎𝑎𝑎𝑀𝑀𝑦𝑦) 

 
!"#$%&'" !"#"$ !"#$ = !"#"$ !"#$ !"!"#

 !"#$%&"' !"# !"#$%  

Classification	by	the	5th and 15.86th	percentile.	The large MAMBO-sample of 4,946 children 

allowed us to determine the cut-off values for motor lead between the green and orange 

group (15.86th percentile) and between the orange and red group (5th percentile) for each 

age. In a perfect normal distribution, -1 SD matches the 15.86th percentile. Since this is 

not the case at the age of 10 years old and beyond, we used the 15.86th percentile in our 

calculations. These two values are in accordance with those of other clinical motor skills 
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tests, such as the KörperkoordinationsTest für Kinder (KTK) that use ±1 SD and ±2 SD,15 and 

the MABC-2 that use -1 SD and the 5th percentile.11 In the same way, cut-off values for BMI, 

children’s grow standard, and blood pressure levels, have all been established by using 1 or 

2 times the standard deviation.16–18

Classification	by	the	MABC-2.	Cut-off values for the MABC-2 already exist, and the manual 

gives cut-off values based on percentile scores.11,19 Scores below the 5th percentile (red label) 

are classified as “high probability of motor problems”, between -1 SD and the 5th percentile 

(orange label) as “probability of a motor skills delay”, and above -1 SD (green label) as “no 

motor problems”.11

In the determination of 3-way cut-off values, 3-way ROC (volume under the ROC-curve, 

VUS) –techniques can be used. Instead of a 2x2 confusion matrix, there is a 3x3 confusion 

matrix.20,21 However, a 3-class classification problem can also be reduced to two dichotomous 

tasks.22 For examining the discriminative ability of the 4-Skills Scan, a classification model 

was analysed by C-statistics on the validation sub-sample. The dependent trichotomous 

variable was ‘classification of motor skills functioning’ (green, orange or red label). This 

classification was based on the percentile score of the MABC-2.11 Optimal cut-off values were 

calculated based on ROC-analysis against the MABC-2 to visualise the trade-off between 

sensitivity and specificity.23–25 The Youden Index is one of the most common methods to find 

the optimum of this trade-off23 and gives unbiased values for both sensitivity and specificity, 

meaning that sensitivity and specificity are considered as equally important.23,26,27

The two sets of cut-off values for the 4-Skills Scan were than used to determine prevalence 

rates of normal motor development (green label), and mild (orange label) and severe (red 

label) motor skills delay in the population of Amsterdam children.

Missing Values

The maximum percentage of missing values for any of the variables was 8.9% (manual 

dexterity of MABC-2). Missing values for the 4-Skills Scan and the MABC-2 in the validation 

sample were imputed by multiple imputation at subscale level. Missing values were imputed 

10 times, with 10 iterations each. Imputation was only done if no more than one item per 

motor test was missing. For the MAMBO sample, participants with missing values for any of 

the 4-Skills Scan test items were excluded from analyses.
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Results

Cut-off values assessed by the 15.86th and 5th percentile from the MAMBO cohort differed 

from the cut-off values derived from the comparison with the MABC-2, using the sub-sample 

(table 1, figure 1a, 1b). Cut-off values between the green and orange group, assessed as a 

result of the 15.86th percentile in the MAMBO-cohort, ranged from -7.3 to -31.5 months. 

Cut-off values between the green and orange group, assessed by the MABC-2, ranged from 

-1.2 to -2.6 months. Cut-off values between the orange and red group were also found to be 

dissimilar, ranging from -14.3 to -42.9 months based on the 5th percentile, and -8.5 to -18.4 

months based on the MABC-2 (see table 1 and figure 1). 

As can be seen in figure 1, the cut-off values for motor lead are higher when the MABC-2 

is used as the reference. In both approaches, one can see that the cut-off values between 

the three groups become more negative for older children, meaning that in order to get 

labelled as green, children were allowed to have a lower motor lead score than younger 

children.
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Figure	1a 	 																Calendar	age	(years)	

Cut-off	values	of	the	4-Skills	Scan	
based	on	the	15.86th	and	5th	percentile	
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Figure	1b 	 																Calendar	age	(years)	

Cut-off	values	of	the	4-Skills	Scan	
based	on	MABC-2	

Figure 1: Cut-off values for children aged 6-to-12 years old, based on the 15.86th and 5th percentile of 
the MAMBO (figure 1a), and the MABC-2 in the validation sample (figure 1b). 
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Figure 2. Cut-off values based on the MAMBO- (figure 2a) and validation sample (figure 2b) projected 
on the MAMBO-sample (n=4,946): prevalence of children with a green, orange, or red label.
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Based on the validation sub-sample, sensitivity and specificity was 77% and 67% for 

distinguishing children with a green label from children with an orange (and red) label, 

while 56% and 82% for distinguishing orange from children with a red label (see table 1).

Prevalence’s based on the two cut-off value outcomes are presented in figure 2. Here, one 

can see the consequences of the defined cut-off values on prevalence rates of children 

with a green, orange, or red label, when applying the cut-off values to the MAMBO sample. 

Logically, prevalence rates remained constant over the year when based on the 15.86th and 

5th percentile (see figure 2a). However, the prevalence rates of orange- and red-labelled 

children increased from age 10 onwards, with cut-off values based on the MABC-2 (figure 

2b).

Discussion

As expected, the two approaches for determining cut-off values resulted in different 

outcomes. The motor lead becoming more negative with increasing calendar age is 

apparent in both approaches. This is logical, since a one-year motor skills delay has a 

different meaning for a 6 year old child compared to a 12 year old child. Therefore, age-

dependent cut-off values for motor lead were generated with both analyses. The extent to 

which motor lead dropped with increasing calendar age differed, however. With a constant 

relative motor lead as cut-off value in the validation sub-sample, the cut-off value for motor 

lead linearly dropped as a function of calendar age. In figure 2b, it is clearly visible that – up 

until 9 years old – the prevalence of children with a green, orange, or red label, is stable. 

For children of 10 years old and beyond, the prevalence of children with an orange or red 

label shows an increase. A ceiling effect of the 4-Skills Scan at the age of 10 years and older 

might play a role here.28 This ceiling effect affects the linear relationship between motor 

age and calendar age, and thus the (relative) motor lead, on which the cut-off values were 

calculated. In turn, this influenced the prevalence’s that were based on the MABC-2. Adding 

skill levels to the 4-Skills Scan for children older than 12 years could be a solution for the 

ceiling effect.

With an area under the curve of .78 versus .72, the 4-Skills Scan performed better in 

discriminating between green and orange + red, than between orange and red. Discriminating 

green from orange + red seems more important than discriminating orange from red, since 

both the orange- and red-labelled children will receive a follow-up trajectory.

Generally, diagnostic errors are often of concern when using screening instruments. 
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Screening instruments are generally less time-consuming and less expensive than diagnostic 

instruments, and known for being imperfect or ambiguous.7 However, screening instruments 

should not be used for diagnosis, but for assessing the likelihood for a certain disease.29 

Hence, the specificity should be high enough to limit the number of false negatives (i.e. 

children tested green while they actually have a delay in gross motor skills development). 

A sensitivity of 80% and a specificity of 90% is deemed the minimum requirement for 

screening tests.30 The 4-Skills Scan’s performance is underperforming on the specificity. The 

specificity of 67% is relatively low, which means that – when applying the 4-Skills Scan with 

the corresponding cut-off values – there would be a considerable number of children with 

motor skills delay being missed. However, if the 4-Skills Scan is used for half-yearly or yearly 

monitoring, false negative outcomes can be detected during the next ‘round’ of gross motor 

skills testing in PE class. Also, when tests are used in sequence, and the MABC-2 is used as 

a follow-up test after a positive test outcome on the 4-Skills Scan, the combined specificity 

of both tests will be much higher.31 In that situation, the post-test (4-Skills Scan) probability 

of having a motor delay is the pre-test probability on the MABC-2.23

Discriminative characteristics of other performance-based motor outcome tests diverge 

widely. For the Maastricht Motor Test (MMT), sensitivity and specificity was reported 

to be 86.0% and 69.6% for the total test (quantitative and qualitative section).32 For the 

quantitative section alone, however, a sensitivity and specificity of 76.3% and 78.8% was 

found. Regarding motor skill related questionnaires, Hay, Hawes, and Faught33 found a 

sensitivity of 88% to 90% and specificity of 75% to 98% for the ‘Children’s Self-Perceptions 

of Adequacy in and Predilection for Physical Activity’ (CSAPPA) scale. The average MABC-

2 checklist has sensitivity and specificity values of 62% and 66%.34 The Developmental 

Coordination Disorder Questionnaire (DCD-Q) has a sensitivity of 28.9% and specificity 

of 89%.35 The Motor Observation Questionnaire for Teachers (MOQ-T) had a reported 

sensitivity of 80.5% and specificity of 62%.36

With a sensitivity and specificity of 77% and 67% based on a comparison with the MABC-

2, the 4-Skills Scan falls well within the known range of sensitivity and specificity of other 

motor skill tests. Thus, the outcomes can be considered satisfactory, especially when 

taking into consideration that the test only takes 8 minutes to conduct per child, which 

is substantially less than the time needed to conduct other motor skill tests.37 In addition, 

when used as a monitoring and screening tool, PE teachers are able to screen the general 

population as a whole, starting with children of 5 or 6 years old. With monitoring by regular 
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gross motor skills testing, PE teachers can make sure that many children with delays in gross 

motor skills can be detected.

In figure 2a and 2b, cut-off values based on the validation sample are projected on the 

MAMBO sample, therewith visualising prevalence rates of normal motor development 

(green label), and mild (orange label) and severe (red label) motor skills delay in the general 

population. One can see that prevalence rates of children with a delay in gross motor skills 

substantially increased from the age of 10 onwards. An intriguing question is whether, in 

reality, the prevalence of children with a gross motor skills delay actually increases at ages 

beyond 10 years. The earlier discussed ceiling effect of the 4-Skills Scan starting at the age of 

10 years might play a role here. However, given the fact that motor learning is a cumulative 

outcome of practice,38 the high prevalence rates might actually be correct. Besides, both 

samples in this study were urban samples. This might have affected our findings, since 

an urban population is likely to spend less time in physical activity thus resulting in less 

practice-time for mastering motor skills, increasing the risks of cumulative effects of 

understimulation over the years.39 Also, a secular trend in gross motor skills cannot to be 

excluded. The latest norm scores of the MABC-2 date from 2008 (Dutch version),11 and 

there are indications that gross motor skills levels in children have declined over the last 

few decades.40,41 Logically, cut-off values based on the 15.86th and 5th percentile conceal 

the effects of a secular trend of gross motor skills and ceiling effect of the 4-Skills Scan. 

Partly for this reason, it is undesirable to ‘update’ norm scores of gross motor skills. As 

made clear in a remark made by Vandorpe et al.,42 the downside of updating norm scores is 

that a possible secular trend is ‘wiped out’. The secular trend, still being there, is no longer 

apparent. Therefore, further research is needed to unravel the pathways leading to the 

increasing prevalence of gross motor skills delay.

Follow-up

Ethically, a positive test outcome should be accompanied by a decent follow-up, meaning 

that an appropriate and effective treatment, cure or coping-strategy should be offered.

The main goal of such a follow-up trajectory is to facilitate a follow-up on early detection 

of such delays and benefit more from the expertise of the PE teacher. In order to make a 

distinction between mild and severe motor skills delay, a trichotomous ‘traffic light’ model 

was used. The found cut-off values between the green, orange, and red group give a clear 

indication of a child’s motor skill level, which is the basis for a follow-up trajectory. As 
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recommended by Willems et al.,6 children who are likely to have a delay in gross motor 

skills development can be tested once again at a later stage. There is, as alluded to earlier, a 

two-stage screening process. Ideally, children will be re-tested, either with the 4-Skills Scan 

again, in the case of an orange label, or with the MABC-2 by the pediatric physiotherapist in 

the case of a red label. The combination of results gives a more certain and robust answer 

regarding the outcome or diagnosis.31 The study of Willems et al.,6 gives an impression of 

how a follow-up trajectory for children with a red label can look. In the case of gross motor 

skills, the follow-up trajectory can be seen as a chain of actions, after detection of a possible 

gross motor skills delay by the PE teacher. 

Orange-label.	Children with an orange label have mild motor skills delay and are at risk of 

ending up in the red group. These children might benefit from ‘targeted primary prevention’. 

This is prevention that is focused at a group that is “at risk” of more severe motor skills delay. 

Ideally, these children are offered a school-based trajectory that consists of additional PE 

lessons, after-school sports activities, or physical exercise or motor practice ‘homework’ 

as advised by the PE teacher. The advantage of this ‘non-medical’ approach is a reduced 

risk for a stigmatising process. All these measures can be implemented in and around the 

school. This may prevent a shift towards medicalization of gross motor skills delay. After 

such targeted prevention, children will be re-tested on their motor skills. For children who 

underwent such targeted prevention based on a false-positive outcome: no harm, no foul. 

Besides, the offered school-based (physical education) interventions are generally at group-

level and have low-costs. Although literature shows ambiguous results, multiple studies 

show the positive effects of PE based school interventions on gross motor skills.43–46

Red label. Children with a red label, however, have a more severe delay in their gross motor 

development. There might be an underlying neuromuscular, visual or other (medical) 

impairment for the developmental delay. Therefore, for these children, a care pathway was 

developed, which includes the involvement of parents and the PCHC physician. For these 

children, involvement of parents is imperative for approval of the follow-up trajectory. The 

interventions chosen for these children depend on the anamnesis and possible diagnosis 

done by a PCHC physician or general practitioner (GP). Interventions can range from getting 

spectacles to individual interventions given by a pediatric physiotherapist or remedial 

therapist. And, there is a solid base of evidence for the effectiveness of activity-oriented, 

participation-oriented, and body function-oriented intervention approaches.1,47
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Follow-up should not exclusively be undertaken on the basis of the outcome of the 4-Skills 

Scan, but always in combination with the impression the PE teacher has of the child, based 

on participation and performance during the PE lessons, possibly supplemented with 

information on fine motor skills from the group teacher. As stated by Dreiseitl et al.,22 it is 

not desirable to replace the professional from the diagnostic process. The 4-Skills Scan can 

be considered as a supportive tool for the PE teacher.

The	Importance	of	Having	it	Right

As mentioned previously, the Youden Index was used in the current study for determining 

the optimal cut-off values. This means that no ethical, cost-effectiveness or prevalence 

constraints played a role in determining the cut-off values.48 However, ethical or cost-

effectiveness constrains can increasingly play a role in the determination of cut-off values 

when intervention costs are high. Related to the costs for interventions are the total costs 

associated with misdiagnosis, in particular false negatives. Nowadays, more studies focus 

on the harm of misdiagnosis.49 In the Netherlands, overall (economical) benefits outweigh 

the costs for preventive youth health care interventions.50 The cut-off value for cost-

effectiveness for youth health care interventions is €20.000 euro’s per Quality Adjusted Life 

Year (QALY).50 

Although it is known that an optimal motor skills development positively influences a 

healthy and active lifestyle,51,52 quantifying the impact of motor development interventions 

alone in terms of Quality Adjusted Life Year is a challenge, and more evidence regarding the 

cost-effectiveness of motor skills inventions is therefore desirable.

Implications	of	the	Found	Cut-Off	Values

The preventive child health care is making motor development more of a priority today. This 

may also enhance quality of life for children in the long run.51,52 The implementation of the 

cut-off values by PE teachers, the adoption of the 4-Skills Scan and the implementation of 

the follow-up trajectory for red labelled children by the preventive child health care would 

be a great step forward. This cooperation and mutual coordination between PE teachers and 

the preventive child health care can start small, for example, with the 6 year old children 

who need it the most for early detection. After successful implementation of the follow-up 

trajectory, it can be expanded with older primary school children.

The feasibility of applying the found cut-off values and the capacity for consultation at the 
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preventive child health care are factors that have not been taken into consideration. Since 

currently many children with (severe) motor skills delay are not detected, implementation 

of the cut-off values will mean an increased referral of children to the preventive child health 

care. Therefore, in order to attain a workable situation, space for flexibility and shifting of 

the cut-off values by iterative fine-tuning is needed for the PE teachers and the preventive 

child health care.

Finally, because of differences in BMI and time spent in physical activity between the urban 

population and non-urban population, and regional difference in socio-economic status, 

differences in the prevalence of gross motor skills delay may also exist. A higher pre-test 

probability of a motor delay requires different optimal cut-off values. For example, with a 

higher prevalence of a motor skills delay, a more sensitive test is desired.23 Therefore, taking 

the regional prevalence into account would be desirable for implementation of the 4-Skills 

Scan outside Amsterdam or the Netherlands.

Future Research

Meaningful future research could focus on the effects of targeted prevention (orange 

labelled) or curative (red labelled) interventions. Another interesting direction of focus is 

to examine the ‘responsiveness to change’ of the 4-Skills Scan. This is an important test 

characteristic, especially when applied in longitudinal study designs. This would be helpful 

for interpreting the effectiveness of the intervention and other (observational) longitudinal 

studies. Also, further optimization of flexible assessment regarding testing time and 

feasibility is valuable to the field of PE.

Conclusion

The field of practice is given a range of cut-off values, with corresponding prevalence of 

sufficient, mediocre, and insufficient gross motor skill performance. Based on different 

samples and methods to compute cut-off values between the three categories, several 

age-dependent cut-off values have been proposed. The comparison with the MABC-2 as 

a gold standard resulted in optimal cut-off values for children with severe and moderate 

gross motor skills delay. With an AUC of .78 for distinguishing green- labelled from orange- 

and red-labelled children, the 4-Skills Scan showed reasonable discriminative ability. This 

matched with an optimal sensitivity of 77% and a specificity of 67%. Also, discriminating 

between the orange- and red-labelled children was satisfying with an AUC of .72, an optimal 
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sensitivity of 56% and specificity of 82%. Cut-off values based on the 15.86th and the 5th 

percentile allowed for less gross motor skills, resulting in lower prevalence rates of children 

with a delay in gross motor skills development.
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A key element of physical education in primary school is improving gross motor skills. The 

aim of this thesis was to evaluate a gross motor skill evaluation instrument, so that the 

gross motor skills of school children can be evaluated within the PE setting. In essence, 

the 4-Skills Scan was found to be highly reliable and reasonably valid (Chapter 2, 3, 4, 5, 

and 6) and demonstrated to be a helpful instrument for detecting children with a delay in 

motor skill development. The results of the 4-Skills Scan can potentially enhance effective 

communication between health professionals and lays the basis for follow-up trajectories.

In this final chapter, the main findings are summarized and future perspectives are discussed.

Summary and Main Conclusions

Expansion of the set of motor skills is part of a healthy development of a child. PE contributes 

to the expansion of motor skills.1–3 As described in the general introduction: as a child’s 

motor skills improve, greater pleasure from sports and exercise will be experienced.4,5 In 

turn, a child that spends more time on sports and exercise will likely have a healthier BMI, 

since exercise is positively associated with improvements in BMI.6 Therefore, it is important 

to ensure that the PE provided to children is of high quality, and that children who fall 

behind in their motor skill development are detected early on, to ensure that remedial 

measures can be taken.

This thesis showed that the 4-Skills Scan is a valuable tool for PE teachers in evaluating 

the gross motor skills of children. This finding opens up the possibility to further optimize 

PE lessons aimed at enhancing gross motor skills. After all, it is essential to evaluate the 

learning effect of PE lessons, both at an individual and group level. By using this feedback, 

the PE teacher can evaluate and further optimize the PE lessons to match everyone’s zone 

of proximal development.7 This, in a nutshell, is one of the main reasons why we studied the 

quality of the 4-Skills Scan in terms of clinimetric properties, reliability, and validity.

Although the 4-Skills Scan is not overly difficult to apply, some form of training before using it 

is recommended. Furthermore, the test showed some degree of a ceiling-effect, which was 

especially apparent for children over ten years old. Additional difficulty levels could reduce 

this ceiling effect (Chapter 2). Test-retest reliability was high, but performed by trained test 

conductors (Chapter 3). Both construct and concurrent validity was satisfactory, and was 
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found to be similar to other gross motor tests (Chapter 4 and 5). To interpret the 4-Skills 

Scan outcome, such that triage of children is possible, it was necessary to set cut-off values 

demarcating ‘green’, ‘yellow’ and ‘red’ results. This was not easy, and to a certain extent, the 

methods used, the sample characteristics, and possible interfering secular trends, resulted 

in a relatively wide range of cut-off values (Chapter 6).

General Discussion

In order to give high-quality PE lessons, PE teachers need to be provided – like other 

(health) professionals – with feedback, allowing them to evaluate the effectiveness of the 

PE curriculum. The evaluation of motor skills development, both at group level and at an 

individual level is relevant, since such feedback is essential in order to adjust, optimize, 

and fine-tune PE lessons with regard to gross motor skill learning. Only then can one 

coach, support, and guide pupils in their zone of proximal development.7 In this light, the 

results on the 4-Skills Scan presented in this thesis is good news for all the PE-teachers 

who already use the 4-Skills Scan, but also for all the teachers that are reserved about 

using this test. Furthermore, the primary school children themselves could benefit most 

from the outcomes of the studies in this thesis, if expanded use of the test results in more 

information regarding the motor development of children. Finally, the use of cut-off values 

enables effective communication with health professionals and the choice for adequate 

follow-up trajectories that are suited for children with individual motor development 

challenges.

Some of the distinctive advantages of the 4-Skills Scan over other motor skills tests is the 

design of the test, completed by two PE teachers with awareness of the PE context of use.8 

One such advantage is the ‘motor age’ outcome measure, an outcome that is easy for 

everyone to interpret. For children up to age 10, this motor age corresponds very well with 

calendar age (see Chapter 2). Years of fine-tuning resulted in a feasible test, which uses 

equipment that is available in every sport hall. Moreover, as described in chapters 3, 4, and 

5, the 4-Skills-Scan combines short testing-time with high reliability and reasonably validity 

characteristics.

A clear interpretation of the outcome of the 4-Skills Scan, for everyone dealing with it, is of 

interest. Therefore, cut-off values were developed to give meaning to individual results of 

the 4 Skills Scan. The motor score was categorized as ‘green’, ‘orange’ or ‘red’.  The latter 

implies that a clear delay in motor skill development was found. The follow-up of this ‘red’ 
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finding is referral to the Preventive Child Health Care Centre that decides on follow-up 

trajectories as suggested by Willems et al.9

Finding the optimal study design to assess the validity of the 4-Skills Scan has been challenging. 

Eventually, we compared the 4-Skills Scan with the Movement Assessment Battery for 

Children-2 and an expert valuation. A side effect of this procedure was the increased 

awareness among expert panel members in the field of children’s motor development: 

i.e. Preventive Child Health Care (PCHC) professionals and pediatric physiotherapists. This 

mutual interest in each other’s methods is an important step towards better communication 

between PE-teachers, PCHC professionals, and pediatric physiotherapists.

Evidence-Based	Physical	Education

Within the field of PE, it has been challenging to achieve consensus on the learning 

perspectives of PE.10,11 This lack of consensus also makes it difficult to know what to look at 

regarding quality control. Despite the lack of quality control of PE by external institutions 

such as the Dutch inspectorate of education, quality control is primarily the responsibility 

of PE teachers themselves. One of the important aspects of the working process of every 

teacher or professional is the use of some sort of feedback loop that gives insight into the 

effectiveness of one’s own actions. And, as touched upon in the General Introduction, 

feedback regarding the effectiveness of the PE program would enhance the overall quality 

of PE. However, it has been challenging for PE teachers to demonstrate progress in their 

pupils’ learning outcomes as a result of their lessons, since a common shared quality ‘metric’ 

is lacking. In respect thereof, assessing the quality of the 4-Skills Scan and the exploration of 

follow-up trajectories is a substantial contribution to more evidence-based PE.

Attention for evidence-based practice (EBP) started after 1992 in the field of medicine, 

with a plea for a shift from authority-based medicine to evidence-based medicine.12 The 

concept of EBP is widely applied by healthcare professionals,13 and similar principals and 

arguments can be made for pursuing EBP in the field of PE. PE teachers can – similar to 

health professionals – make a diagnosis as to the problem and then deliver PE lessons 

(treatment) with remedial games, exercises, and training.14 Therefore, it can be argued that 

EBP is of great value for the field of physical education as well.14–18

While the field of medicine has made the shift towards EBP, the field of physical education 

has long lagged behind the field of medicine and other (health) professions in this 
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respect.17,19 However, in order to be able to examine what works, what works best, and 

what does not, one needs reliable and valid instruments such as the 4-Skills Scan. In that 

sense, the development and scientific examination of its clinical properties opens the way 

for further implementation of evidence-based PE. The next step towards evidence-based PE 

can involve a critical view of current practice regarding the content of PE lessons. In essence, 

exclusive practice-based working defines the status quo, and yesterday’s best practice may 

not be today’s best practice.15

Strengths	and	Limitations

This thesis contains some innovative research designs. For example, the lack of an absolute 

gold standard for the measurement of motor skills led to two methods for assessing the 

validity of the 4-Skills Scan: 1) a comparison was made with the MABC-2; and 2) a comparison 

was made with a video based valuation of gross motor skills of children, done by a panel 

of experts. This resulted in a thorough approach in which the usual circle of validation with 

another test was accompanied by opinions of experts that, when taken together, provided 

‘wisdom of the crowd’. The information-richness of the video clips made it possible for 

three expert groups to give a valuation of the quality of gross motor performance, from 

the perspective of their respective disciplines. The unique design of children covering an 

obstacle course created a natural PE setting, in which children were not distracted by being 

observed.

Study	Population

Due to the institutional policy to focus on ‘urban vitality’, the children who participated 

in the studies described in this thesis are from Amsterdam, the Netherlands. The urban 

population is generally less physically fit and has a higher average BMI than a rural 

population. This is also the case for the Amsterdam region.20 This affects the generalizability 

of the results. However, in chapter 2, an effort was made to account for this, by means of an 

analysis including sub-samples of different weight categories and socioeconomic status. To 

a certain extent, this analysis provided insight into how variation in these factors influences 

gross motors skills.
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Current	Practical	Implications

Currently, the 4-Skills Scan is being used in Amsterdam to provide the Municipality with 

meaningful information regarding gross motor skills and its related factors. Also, outside of 

Amsterdam the test is being implemented in student tracking systems.

The	MAMBO-Cohort

The 4-Skills Scan made it possible to assess the gross motor skills of large numbers of primary 

school children. In Amsterdam, the 4-Skill Scan has been applied to a large population, 

for research purposes, for over six years now.  At the beginning of 2014, an open cohort 

(n=5000) called MAMBO (Meten Amsterdamse Motoriek BasisOnderwijs; Measuring Motor 

Skills of children in Primary Education) started annual gross motor skills measurements, 

assessed using the 4-Skills Scan. This not only provided a better fundamental insight in gross 

motor skills and the relation with other factors, personal characteristics, and environmental 

factors, such as physical fitness, sports participation, BMI, body composition, and 

socioeconomic status. It also provided the Municipality of Amsterdam with information 

that was helpful in making new, effective and evidence-based policies. For instance, at the 

time of this writing, a care-trajectory is being implemented in Amsterdam for children with 

a severe motor delay (red label).
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Figure 1. The relation between the school’s SES score and the average motor lead of the children on 
that school (based on 23 schools in 18 SES areas. Pearson r= .67 (p<.01)).

Also, a relationship between motor skills and socioeconomic status (SES) was found, as 

presented in figure 1. This information is useful for the Municipality in order to allocate 

schools to lifestyle interventions that are paid by community money, such as extra after-

school sports activities. It is also known that overweight and obesity negatively affect gross 

motor performance.21 Figure 2, for instance, shows that overweight and obesity are more 

strongly associated with poor motor skills in older children compared to children at younger 

age. Hence, although motor delays are not observed more frequently for the obese 6-years-

old children, they may be at risk of getting motor delays at an older age (11-years-old). For 

policy makers such as the Municipality and the Government, such insights are of value for 

the development of effective interventions, as well as for the geographical implementation 

of these interventions.

These are a handful of developments during recent years. There is more to come however, 

and some developments of interest are pointed out in the next section.
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Figure 2. Boxplot figure for Motor lead, for 6 (n=739) and 11 (n=797) year-old pupils and stratified for 
BMI classification.

Future	Perspectives	and	Developments

High quality PE is what children deserve from every PE teacher, but also what school boards, 

health professionals and parents should expect. In order to fulfil this task, PE teachers 

should make use of feedback loops and keep investing in their own professional skill set 

and knowledge.

Renewal	of	the	Physical	Education	Degree	Curriculum

As discussed in the ‘General Discussion’ and ‘Evidence-Based Physical Education’ sections, 

tests that evaluate the learning effect in PE are indispensable. This thesis contributes to 

this necessary condition of assessing one of PE’s most important goals, namely improving 

and supporting an optimal development of gross motor skills. However, evidence-based PE 

is not limited to assessing – or learning how to assess – gross motor skills. It also requires 

the ability to learn from feedback, and the courage to change the content of PE lessons, 

if necessary. Besides a traditional skills set, evidence-based working also involves skills 
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that might not have been part of the curricula of PE degrees12 such as agility, flexibility, 

adaptability, communication, collaboration, lifetime learning, and innovation.22 Fortunately, 

these skills can be acquired,12 and changes and updates in the curricula of PE degrees can 

support future PE teachers acquiring these skills.

To reiterate, this means that sustaining and improving the quality of teacher education 

within a career-long perspective ought to be a high priority.23

Testing	within	Physical	Education

Currently, several measurement tools for PE learning outcomes are being developed. These 

learning outcomes cover a wide range of factors, such as gross motor skills, fitness, cardio-

respiratory fitness (CRF), flexibility, strength, and speed, but also social-emotional well-

being and related outcomes such as enjoyment, collaboration, dealing with disappointment 

and fair play. These outcomes match the learning objectives of modern physical education 

and fit the trend of working towards a more evidence-based teaching. Many initiatives are 

being explored as supplementary and valuable to the PE context. The challenge is how to 

gather valuable information on an individual level for any defined learning outcome, while 

maintaining the created (set-up) natural and rich learning environment that characterizes 

good PE lessons at the same time.

The decision of which instrument to use can depend on the available time, frequency or 

accuracy of measurement.24 The average number of PE lessons for children in primary 

education in the Netherlands is two per week, with a total of 89 minutes of scheduled PE 

lessons.25 This means that time spent specifically devoted to measurement will be at the 

expense of learning time. In line with this, the range of an acceptable trade-off between 

‘time spent on measurements’ – and thus accuracy of measurement – on the one hand, 

and the value of the information on the other is a topic of discussion. Finding a degree of 

consensus on this topic matters for the further development of the PE field towards modern 

standards. In efforts to account for this, other alternatives for testing gross motor skills in 

the PE setting, such as the use of obstacle courses as motor tests instruments, are being 

developed.26,27 Current obstacle courses such as the Athletic Skills Track (AST) are based on 

the amount of time needed to complete an obstacle course or skill track. Essentially, the 

time in which a child completes a sequence of motor tasks is considered to be the reverse 

equivalent of motor competence. Thus higher competence means faster time on the AST.
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Technological Developments

Technological developments allow for creating new opportunities in the field of (motor 

skills) testing. ‘Exergames’ or gamification, for example, has made its way into the field 

of physical activity. Whilst the effectiveness of electronic games in PE was rather thin in 

2009,28 more recent studies show promising results on the effectiveness of interactive and 

virtual reality games on motor skills in adolescents29,30 and children in early childhood.31 

Some interesting examples of recent virtual reality games were Nintendo’s Wii in 2008, or 

the smartphone app ‘Pokemon GO’ in 2016.

Also, children tend to find gamification more enjoyable than a traditional intervention 

approach.30 Leading equipment manufacturers started to respond to this development by 

introducing interactive games suitable for sports halls. New developments, for instance, are 

interactive dance mats, walls with LEDs, projections or sensors.32,33 This equipment often 

needs to be permanently installed into the sports hall and tends to be rather expensive, 

which makes it impossible to introduce it as a common good.

However, data collection with regard to motor performance by means of interactive games 

or smart sensors is a challenging but interesting development. Especially since, ideally, 

games or smart devices are interactive and adaptable to the individual level of motor 

performance. Consequently, automatic monitoring of children’s motor performance could 

be very beneficial. PE teachers teach in groups of around 30 children. Therefore, such 

smart devices could be timesaving and provide PE teachers with real-time feedback. The PE 

teacher can than directly use this information in a fast feedback loop and act on it.

Physical	Education	Interventions

Insight into the factors that contribute to gross motor skills development may open new 

avenues for combating the downward secular trend in motor skill development. This would 

involve gathering more insight into the duration and nature of the child’s non-sedentary 

activities in daily life both in- and outside the school setting, since motor development 

happens in both settings. In this context, it would be valuable if future research could 

focus on gaining greater insight into possible effective ingredients of PE classes, such as 

teaching style, the use of implicit learning, differentiated participation levels to match the 

zone of proximal development and using a (digital) student tracking system. This could 

be of help in fine-tuning interventions to the individual. In relation to this, it is relevant 

to gain greater insight into other interrelated factors that could play a role in motor 
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development as well, such as motor competence, perceived competence, PA, fitness, and 

BMI.4 Due to their interrelatedness, carry-over effects of developmental delays could affect 

other developmental aspects of children, such as fitness level and participating in physical 

activities,34–37 mental and social well-being,38 self-perception and self-worth,39 cognitive 

development,40 and sports participation.41 

Follow-Up	Trajectories	Within	the	School	Setting

Since detection of motor delays alone is not ethical, it is necessary to then provide effective 

remedial follow-up trajectories. Such timely interventions can result in long-term benefits, 

since children have their entire life ahead of them.42 With the high – and still increasing 

– percentage of children with delays in their motor development, even small intervention-

effects will generate a large impact. The purpose of remedial programs is to close the gap 

between ‘what a child’s skill level is’ (motor age) and ‘what the skill level is expected to be’ 

(calendar age). A ‘catch-up motor development’, similar to the one that can be found in 

growth (catch-up growth), would be the outcome to pursue.

However, the difficulty is that children with motor delays form a heterogeneous group. 

Thus, in order to achieve optimal intervention results, a ‘one size fits all’ approach seems 

not appropriate. A variety of available follow-up interventions that match the cause, degree, 

and type of motor delay would, in all probability, generate more optimal results.

There is a demand for evidence-based school interventions, especially for the children ‘at 

risk’ (orange-label). The growing cost of medical trajectories is one of the specific reasons 

why Western societies want preventive interventions and a de-medicalization of health 

and medical related support and care. Monitoring gross motor skills during PE lessons is 

an example of this in a non-medical setting. Such monitoring fits the de-medicalization-

trend well. Also, school-based preventive interventions can contribute to the trend of de-

medicalization in Western societies.43,44 The design of school-based interventions can cover 

physical education lessons, but school breaks and afterschool activities as well. Several 

school-based interventions, such as “motor remedial teaching” (MRT), already exist. 

However, most of the school-based interventions led by PE teachers have not yet been 

evaluated regarding effectiveness. Looking into existing interventions and the development 

of new interventions would be an interesting focus for future research. Moreover, it is 

especially interesting to develop interventions that could serve a heterogeneous group of 
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children with a wide range of motor problems, customised to the school and its facilities.

Follow-Up	Trajectories	Outside	the	School	Setting	and	Communication	Between	Health	

Professionals

Future research could incorporate communication paths between (health) professionals 

who play a role in the motor development of children, such as PE teachers, PCHC physicians, 

pediatric physiotherapists, and perhaps sports coaches.  In particular, children with a severe 

motor delay (red label) can especially benefit from a smoother collaboration between the 

various disciplines. But what information would these professionals like to exchange with 

each other, and how can this result in a fast and more effective service? Does this require 

specifically equipped communication tools or platforms? And how can privacy issues 

regarding this sensitive health information of underage children be dealt with? A landscape 

around children’s motor development that entails collaboration between schools, the 

Preventive Child Health Care Centre (PCHC), municipalities (for supported lifestyle 

interventions), and pediatric physiotherapists could foster effective targeted prevention 

programs, as well as effective curative intervention programs and trajectories. In the case 

of a referral, an efficient transfer of information between professionals is highly desirable in 

order to provide good care for children who need extra support. Enhanced communication 

with third parties maintains the balance between universal prevention, indicated or 

targeted prevention, and curative intervention programs. This collaboration requires good 

communication with other health professionals who play a role in the development of 

children. Which professional steps in, and at which moment, depends on the level and type 

of support a child needs.

The validation study45 and the multidisciplinary qualitative follow-up study on detection of 

motor delay in children46 revealed the need for clear communication between PE teachers, 

PCHC professionals and pediatric physiotherapists in follow-up trajectories. PE teachers can 

fulfil a central role in this process, provided that they vouch for information, such as test 

outcomes, which can be brought to the communication table. To enhance communication 

between health professions, a dedicated platform for communication and information 

sharing in a secure, convenient and efficient manner would be desirable. At time of 

this writing, initiatives are underway to gather information about the design, technical 

requirements, and access rights of such a communication system.
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Concluding Remarks

In summary, the 4-Skills Scan is a highly reliable and reasonably valid test for assessing gross 

motor skills during PE lessons, and provides PE teachers with relevant information on gross 

motor skills development and learning on both an individual and group level. Not only does 

it make it possible to differentiate difficulty levels during PE lessons, it also allows for early 

detection of children with motor delays.
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Achtergrond

Het belang van een optimale (grof-) motorische ontwikkeling wordt steeds meer 

onderkend. Zo is de motorische vaardigheid gerelateerd aan bijvoorbeeld lichamelijke 

fitheid, sociaal-emotioneel welzijn, positief zelfbeeld, BMI en cognitieve prestaties. Van 

de Amsterdamse basisschoolleerlingen heeft echter 20% tot 30% een achterstand in de 

motorische ontwikkeling en er zijn aanwijzingen dat dit percentage de afgelopen decennia 

is toegenomen. Deze seculaire trend kan verschillende oorzaken hebben. Zo wijzen 

verschillende studies uit dat de dagbesteding bij basisschoolleerlingen er tegenwoordig 

anders uitziet dan enkele decennia geleden. Er is bijvoorbeeld sprake van een toegenomen 

‘screen-time’ en er wordt minder buiten gespeeld. 

Hoewel onderzoek rondom het ontstaan van motorische achterstanden en de – richting 

van – causale relaties met andere constructen zoals fysieke activiteit nog geen eenduidig 

antwoord geeft, bestaat er consensus over het belang van vroegtijdige interventies.

Om leerlingen te selecteren die gebaat zijn bij een interventie, dient duidelijk te zijn 

bij wie er sprake is van motorische achterstanden. In dit proefschrift worden lessen 

bewegingsonderwijs beschouwd als geschikte setting voor deze signalering. De vakdocent 

bewegingsonderwijs is immers de beweegexpert binnen de schoolsetting en ziet alle 

leerlingen meerdere malen per week. Deze signalering kan gezien worden als een nulmeting 

en bij herhalende metingen of monitoring kunnen interventie-effecten in kaart worden 

gebracht.

Leerlingen brengen een groot deel van de dag op school door. Dit betekent dat de invulling 

van het curriculum en de invulling van het bewegingsonderwijs, een belangrijke bijdrage 

kan leveren aan een dagindeling met voldoende fysieke activiteit en een optimale grof-

motorische ontwikkeling. De schoolsetting, en dan met name het bewegingsonderwijs, 

speelt hierin dan ook een belangrijke rol. 

Rol	Bewegingsonderwijs

De motorische ontwikkeling is een van de belangrijkste, zo niet de belangrijkste, focus in 

lessen bewegingsonderwijs in het primair onderwijs. Het is van belang om leerlingen tijdens 

de lessen bewegingsonderwijs optimaal te kunnen bedienen met een rijke beweegomgeving. 

Om leerlingen uit te dagen in hun ‘zone van naaste ontwikkeling’ en aan te spreken op hun 
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eigen motorisch probleemoplossend vermogen, is het van belang om met enige regelmaat 

op leerling-niveau de grof-motorische vaardigheid in kaart te brengen.

Een dergelijke werkwijze draagt bij aan een goed overzicht van de beginsituatie, geeft 

daarnaast inzicht in de effectiviteit van het bewegingsonderwijs-curriculum en het dient als 

detectie van leerlingen die gebaat zijn bij extra ondersteuning of zorg, binnen of buiten de 

schoolsetting. Het monitoren van de grof-motorische vaardigheden dient dan ook meerder 

doelen.

Onderzoek

Het ontbreekt het werkveld van het bewegingsonderwijs echter aan een instrument 

waarmee de grof-motorische vaardigheid objectief en op een betrouwbare en valide wijze 

in kaart kan worden gebracht tijdens de lessen bewegingsonderwijs. In dit proefschrift 

staat de rol van het bewegingsonderwijs in de grof-motorische ontwikkeling en het in kaart 

brengen daarvan centraal. De focus ligt daarbij op een veel gebruikte test om de grof-

motorische vaardigheid in kaart te brengen: de 4-Vaardighedenscan.

In sectie 1 is de meest gebruikte uitkomstmaat van de 4-Vaardighedenscan, ‘motorische 

leeftijd’ onder de loep genomen. Op basis van 4691 Amsterdamse leerlingen van 25 

basisscholen, zijn correlaties tussen de motorische leeftijd en kalenderleeftijd berekend.  

Bij leerlingen van 5 tot 10 jaar bleek deze relatie sterk te zijn. Voor leerlingen van 10 jaar 

en ouder liet de test een plafondeffect zien. Dit plafondeffect heeft gevolgen voor het 

gebruik van de test in de bovenste twee jaarlagen in het basisonderwijs. Tevens is het 

slagingspercentage per test-item als uitkomstmaat op groepsniveau onderzocht. Daaruit 

bleek dat het ontbreken van drie moeilijkheidsniveaus bij de 4-Vaardighedenscan uit 2007, 

zorgt voor een ongewenste grofmazigheid in de bepaling van de motorische vaardigheid. In 

de versie van 2015 is dit aandachtspunt ondervangen. Ten aanzien de gebruiksvriendelijk, 

in termen van testduur, en materiaalgebruik, scoort de test hoog ten opzicht van andere 

motoriektests.

Sectie 2 beschrijft een studie (hoofdstuk 3) naar de betrouwbaarheid van de 

4-Vaardighedenscan. Zowel de test-hertest als interbeoordelaarsbetrouwbaarheid is 

bepaald op basis van waarnemingen bij respectievelijk 624 en 557 basisschoolleerlingen. De 
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uitkomsten laten zien dat er sprake is van een klein oefeneffect bij de test-hertest, maar ook 

dat er sprake is van een hoge test-hertest en interbeoordelaarsbetrouwbaarheid. Daarmee 

wordt gedemonstreerd dat de grof-motorische vaardigheid dermate nauwkeurig kan 

worden vastgesteld, dat ook op leerling niveau de 4-vaardighedenscan een betrouwbare 

maat geeft voor de grof-motorische vaardigheid.

Drie studies die alle betrekking hebben op de validiteit van de 4-Vaardighedenscan worden 

beschreven in sectie 3. Gestart is met een studie (hoofdstuk 4) waarin op basis van 116 

vijfjarigen, drie verschillende motoriektests met elkaar vergeleken worden, die worden 

gebruikt door kinderfysiotherapeuten (MABC), jeugdartsen (BFMT) en vakdocenten 

bewegingsonderwijs (4-Vaardighedenscan). Deze drie professies hebben alle affiniteit met 

de gezonde motorische ontwikkeling van kinderen, maar gebruiken nochtans verschillende 

instrumenten waarvan niet duidelijk is hoe ze zich tot elkaar verhouden. Dit bemoeilijkt 

effectieve communicatie tussen deze professionals en zorgt in het geval van doorverwijzing 

mogelijkerwijs voor het nodeloos hertesten van leerlingen met motorische achterstanden. 

Totaalscores van de BFMT, 4-Vaardighedenscan en MABC correleren redelijk tot sterk met 

elkaar. Hierbij valt op dat correlaties tussen de grove en fijne motoriek zwak zijn en zodoende 

moeten worden gezien als afzonderlijke constructen. Met de MABC als uitgangspunt laten 

zowel BFMT als de 4-Vaardighedenscan een deugdelijke sensitiviteit en specificiteit zien. 

Hoewel, naar klinische maatstaven, een hoger onderscheidend vermogen wenselijk zou 

zijn, wordt ten aanzien van de 4-Vaardighedenscan de uitkomst als toereikend gezien voor 

het doel waarvoor de test wordt ingezet; zeker gezien de setting en snelheid waarmee deze 

test wordt afgenomen. 

Hoofdstuk 5 beslaat een validatiestudie onder basisschoolleerlingen (n=212) met een 

bredere leeftijdsrange (6-12 jaar). Naast de 4-Vaardighedenscan uit 2007 is ook de nieuwe 

versie uit 2015 meegenomen. De validiteit van de twee testversies is onderzocht door 

zowel een vergelijking te maken met de MABC-2 als met expertwaarderingen op basis van 

videobeelden van leerlingen die over een hindernisbaan bewegen. Er is gestreefd naar een 

hindernisbaan met een grote variatie aan bewegingsvormen en moeilijkheidsniveaus. Het 

panel van experts bestond uit 90 kinderfysiotherapeuten, jeugdartsen en vakdocenten 

bewegingsonderwijs. Deze experts kwamen uit heel Nederland en vormden samen een 

‘wisdom of de crowd’ (collectieve wijsheid). Correlaties tussen de 4-Vaardighedenscan en 

de expertwaarderingen en correlaties tussen de 4-Vaardighedenscan en de MABC-2 zijn 
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redelijk. De sterkte van de gevonden correlaties worden waarschijnlijk enigszins verstoord 

door een discrepantie in het onderliggende construct (motorische vaardigheid), die de 

verschillende motoriektests in kaart trachten te brengen.

De conclusie is dat beide versies van de 4-Vaardighedenscan voldoende valide zijn voor het 

in kaart brengen van de grof-motorische vaardigheid tijdens de les bewegingsonderwijs.

Om de 4-Vaardighedenscan te gebruiken als screeningsinstrument, dient duidelijk te 

zijn welke testuitslagen een goede motorische ontwikkeling weerspiegelen en bij welke 

waarden er sprake is van een hapering in deze ontwikkeling. In hoofdstuk 6 zijn daarom 

afkapwaarden bepaald waarmee de interpretatie van de uitkomst van de 4-Vaardighedenscan 

geïnterpreteerd kan worden. Daarbij is gekozen voor een ‘stoplichtmodel’ met de volgende 

categorieën: 

• Groen: normale motorische ontwikkeling

• Oranje: waarschijnlijk licht motorisch probleem; extra ondersteuning op school gewenst 

• Rood: afwijkende motorische ontwikkeling, kind moet doorverwezen worden naar 

jeugdarts voor nadere beoordeling 

Vervolgstappen voor de als oranje gelabelde leerlingen kunnen in en om de school 

plaatsvinden, bijvoorbeeld in de vorm van motor remedial teaching (MRT) gegeven door de 

vakdocent bewegingsonderwijs. Voor de als rood gelabelde leerlingen is een doorverwijzing 

naar de jeugdarts een logische vervolgstap. De jeugdarts bepaalt vervolgens de behandeling 

waarmee het kind in kwestie het best geholpen is.

Om de afkapwaarden te bepalen zijn twee steekproeven genomen onder 

basisschoolleerlingen (6-12 jaar). Een steekproef (n=4991) is gebruikt om afkapwaarden te 

bepalen op basis van -1 SD en het 5e percentiel van de 4 Skills Scan. De andere steekproef 

(n=212) is gebruikt om een vergelijking met de MABC-2 te maken door middel van AUC-

analyses. Op basis van de AUC-analyses bleek de 4-Vaardighedenscan over een voldoende 

onderscheidend vermogen te beschikken.

De twee gebruikte methodes leidde tot verschillende afkapwaarden en daardoor tot 

verschillende prevalenties voor kinderen met een motorische achterstand. Hoofdstuk 6 

geeft daarmee een range waarbinnen het werkveld iteratief kan schuiven om werkbare 

afkapwaarden te vinden.
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Geconcludeerd wordt dat het onderscheidend vermogen van 4-Vaardighedenscan 

bevredigend is, en daarmee geschikt is voor het opsporen van kinderen met achterstanden 

in de grof-motorische ontwikkeling.

Aangezien in sectie 3 verschillende motoriektests met elkaar vergeleken zijn, is duidelijk 

geworden hoe deze zich tot elkaar verhouden. Tezamen met de bepaalde afkapwaarden 

opent dit de deur naar een betere communicatie en samenwerking tussen (zorg-) 

professionals die zich bezighouden met de motorische ontwikkeling van kinderen.

Conclusie

Dit proefschrift was er op gericht inzicht te verschaffen in het in kaart brengen van grof-

motorische vaardigheid in de context van het bewegingsonderwijs. De 4-Vaardighedenscan, 

waarvan tot dusver de klinimetrische eigenschappen onbekend waren, heeft daarbij 

centraal gestaan.

Het gepresenteerde onderzoek laat zien dat de 4-Vaardighedenscan een gebruiksvriendelijk, 

betrouwbaar en valide instrument is om de grof-motorische vaardigheid in kaart te 

brengen tijden lessen bewegingsonderwijs. Vakdocenten bewegingsonderwijs zijn derhalve 

geëquipeerd met een instrument dat hen in staat stelt de grof-motorische vaardigheid 

van leerlingen te monitoren, de effectiviteit van het bewegingsonderwijs-curriculum te 

evalueren en leerlingen met grof-motorische achterstanden te detecteren.
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DANKWOORD

Indirect is een dankwoord het antwoord op de vraag of je het succes uitsluitend aan jezelf 

te danken hebt. Ook in mijn geval is het antwoord daarop ‘nee’. Ik heb er natuurlijk hard 

voor gewerkt, maar ben ook gesteund, aangemoedigd en van advies voorzien door velen 

om mij heen.

Iedereen die mij heeft gesteund, interesse heeft getoond en me er doorheen heeft gesleept: 

dank jullie wel. Een aantal mensen wil ik graag nog even met name noemen.

Allereerst wil ik het promotieteam bedanken voor de fijne begeleiding.

Huub	Toussaint.	Mijn mentor in de onderzoekswereld. Jij gaf me in 2013 de kans om op 

de Hogeschool van Amsterdam een promotietraject te starten. Vanaf het begin heb je veel 

vertrouwen getoond, ook als het even tegen zat met het vinden van basisscholen voor 

het onderzoek of het verzamelen van data. Jij sprak dan over “de weerbarstigheid van de 

praktijk” die we nou eenmaal tegenkomen in praktijkgericht onderzoek. Dat stelde mij dan 

weer ten dele gerust en sterkte mij weer in het nemen van de volgende hobbel.

Jouw idee om het MAMBO-cohort te starten bleek een schot in de roos en als snel 

groeide de interesse vanuit scholen en de Gemeente Amsterdam. MAMBO fungeerde 

ook als ‘kapstok’ voor nieuwe onderzoeksprojecten. Hierdoor groeide het team snel uit 

tot een onderzoeksgroep waarbinnen het fijn samenwerken was. Met jouw scherpe visie 

en vooruitziende blik weet je uiteenlopende zaken te doorgronden waarmee je achteraf 

vaak gelijk blijkt te hebben. Het was zeer leerzaam, inspirerend en prettig om met je te 

samenwerken.

Geert Savelsbergh. Voor het grote overzicht, goed advies en out-of-the-box onderzoek ideeën 

kon ik bij jou terecht. Het laten beoordelen van de motorische vaardigheid door middel van 

videoclips was daar een mooi voorbeeld van. Altijd was er ruimte voor een afspraak en uit 

de tijd die je daarvoor nam sprak je betrokkenheid voor mijn onderzoeksproject. Dank je 

voor de steun en inzichten de afgelopen 6 jaar. 

Mirka Janssen. Het doen van praktijkgericht onderzoek op de ALO dat leidt tot een promotie 

op de ALO is een prachtige route. Doordat jij als eerste op de ALO promoveerde kende 

ook jij de uitdagingen die daarbij komen kijken. Hierdoor waren enkele wegen al enigszins 

geplaveid voor diegenen die na jou kwamen. Dat heeft me zeker geholpen. De laatste jaren 

heb jij het lectoraat op de ALO draaiende gehouden, waarna je lector bent geworden. Dank 



544448-L-bw-Kernebeek544448-L-bw-Kernebeek544448-L-bw-Kernebeek544448-L-bw-Kernebeek
Processed on: 4-8-2020Processed on: 4-8-2020Processed on: 4-8-2020Processed on: 4-8-2020 PDF page: 170PDF page: 170PDF page: 170PDF page: 170

170

je voor de support die je in deze rol had tijdens de laatste fase van mijn promotietraject.

Daarnaast wil ik de leescommissie bedanken voor het lezen en accorderen van het proefschrift 

en voor de aangedragen suggesties ter verbetering. prof.dr.	Willem	van	Mechelen,	prof.

dr.	Matthieu	Lenoir,	prof.dr.	Arnoud	Verhoeff,	prof.dr.	Kristine	de	Martelaer,	dr.	Wieneke	

Mokking,	dr.	Sanne	de	Vries	en	dr.	Raôul	Oudejans.

Alle kinderen, ouders, leerkrachten en schooldirecties; bedankt voor jullie deelname 

aan de studies. Zonder jullie waren deze onderzoeken er niet geweest. Ook alle (oud) 

ALO-studenten die geholpen hebben bij de verzameling van data en hebben meegedacht 

over hoe iets in de gymzaal georganiseerd kon worden, dankzij jullie hebben we de 

onderzoeken zo kunnen opschalen. Alle kinderfysiotherapeuten,	jeugdartsen en docenten 

bewegingsonderwijs die hebben meegeholpen met het beoordelen van de video-opnames. 

Jullie beoordelingen van ‘motorische vaardigheid’ die tezamen  leidden tot de ‘wisdom of 

the crowd’ zijn de gouden standaard waardig.

Ook het hebben van fijne en inspirerende collega’s is natuurlijk onmisbaar.

Huib	van	de	Kop.	Als ik een collega zou aanwijzen met wie het zeer prettig samenwerken 

was en die ik kon beschouwen als een vriend op het werk, dan ben jij dat. Dank voor alle 

steun en wijsheid de afgelopen 6 jaar. We zaten beide in ons promotietraject en hebben 

samen een literatuur review gedaan en cursussen bij EpidM gevolgd. Dit was een leuke 

tijd waarin we veel hebben gelachen. Ik wens iedereen zo’n leuke collega toe. We gaan 

snel weer eens mountainbiken. Antoine	de	Schipper.	Wat hebben we er wat af gespard. 

Dat heeft de kwaliteit van ons werk vast - hoop ik toch :-) - verbeterd. Lange tijd hebben 

we samen aan MAMBO gebouwd. Elk lectoraat kan een kritische blik zoals de jouwe goed 

gebruiken. Houd die - zou ik zeggen - want die kritische blik heb ik meer gewaardeerd dan 

ik wellicht heb laten blijken. Anne	den	Uil. Na een leerzame aanloop bij Huibs project heb 

je toch lekker je eigen project geregeld! Waar we de kans zagen hebben we samengewerkt 

:-) en altijd met veel plezier. Ilse Kat. De rots in de lectoraats-branding en dé vraagbaak 

binnen de onderzoeksgroep; om lui van te worden :-) Jij hebt MAMBO mede opgebouwd 

en structuur gegeven. De wijze waarop jij altijd voor anderen klaar staat is goud waard. 

Anita	van	Amerongen.	Jij staat altijd klaar om anderen te helpen binnen het lectoraat. Top! 

Annelies	Brocken.	We hebben fijn gepionierd tijdens het validatieproject. Die tijd was toch 

https://prof.dr/
https://prof.dr/
https://prof.dr/
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een van de hoogtepunten binnen het onderzoeksproject. Leuk om dat met jou te mogen 

doen. Hemke	van	Doorn. Bij de uitspraak “orde is voor diegenen die de chaos niet overzien” 

moet ik altijd aan jou denken. Altijd leuk en interessant om met jou te sparren. Ton de 

Ruiter. Dank je voor het helpen trainen van testafnemers en voor het zijn van een vraagbaak. 

Met jouw onuitputtelijke hoeveelheid kennis en ervaring met betrekking tot pedagogiek en 

motoriek heeft het onderzoeksproject zeker een duw in de rug gekregen. Steven	Mauw.	Heel 

belangrijk om een ervaren docent bewegingsonderwijs als naaste collega te hebben. Jouw 

invalshoeken vanuit de praktijk zijn altijd van meerwaarde gebleken. Mandy	Schweitzer.	

Ik ken je als afstudeerder en collega. Altijd heb ik fijn met je samengewerkt. Voor enkele 

projecten legden wij samen de stukje van de overzicht-puzzel. Jan Paddenburg. Tijdens 

verschillende fases in het onderzoeksproject was jij de link met de gemeente Amsterdam. 

Jouw gevoel voor beleid is onmisbaar geweest voor het implementeren (of stadsbreed 

uitrollen) van de op evidentie gebaseerde plannen. Mathieu	 Voorthuizen. Het was fijn 

om jou bij in het team te hebben. Soms met een humoristische bijdrage en soms met een 

serieuze bijdrage. Ik heb het zeker weten te waarderen. Viyan Rashid. Ook na het congres in 

Wenen die we samen hebben bezocht zagen we elkaar niet alleen bij het koffiezetapparaat. 

We hebben heel wat effectieve uurtjes in de bieb doorgebracht. Want samen schrijven 

bleek nóg leuker. Het schrijven van nieuwe alinea’s werd soepel afgewisseld met kopjes 

koffie. Onze schrijftijd heeft zeker een significante bijdrage aan mijn proefschrift gehad. Alle 

andere ALO-collega’s met wie ik afgelopen 6 jaar fijn heb samengewerkt. Het wisselen van 

gedachten met jullie over bewegingsonderwijs, motoriek, pedagogiek en zoveel meer; er is 

direct of indirect zeker iets van in dit proefschrift gekomen.

Marlou de Kroon. Onze afspraken in Groningen en Rotterdam liepen vaak ontzettend uit. 

Dit kwam het kwaliteit van het werk zeker ten goede. Het was leuk en leerzaam om met je 

samen te werken, zeker omdat je vanuit een ander perspectief naar het project keek. Arnold	

Brinkman van de Gemeente Amsterdam. In verschillende fases van het project hebben we 

nauw en fijn samengewerkt. Leuk om de gezamenlijke doelstellingen vorm te geven tot een 

win-win voor iedereen. Wim van Gelder en	Hans	Stroes	van ‘alles in beweging’. Het was 

altijd interessant en leerzaam om door jullie bril de wereld van het bewegingsonderwijs 

te aanschouwen. Jullie hebben een berg kennis en ervaring meegebracht die jullie met 

iedereen graag deelden. De ontwikkeling van de 4-Vaardighedenscan is slechts een klein 

deel van jullie bijdrage aan het bewegingsonderwijs. Luiz	Eduardo	Dantas	and Edison de J. 
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Manoel. Thank you both for the interesting and educational time I had in Sao Paolo. It was 

really nice spending time with you and exchanging thoughts and ideas related to our field 

of study.

Vrienden

Soms moest ik mijn sociale leven even op een lager pitje zetten. Ik hoop dat jullie me dit 

vergeven. We hebben wat in te halen en dat gaan we zeker doen. Freek	Terlouw. Voor 

ieder onderwerp kan ik voor een heldere analyse of een logische redenering bij jou terecht. 

Tijdens onze studie Bewegingswetenschappen en op de fiets hebben we heel wat uurtjes 

van gedachten gewisseld. Hedendaagse inzichten in de trainingsleer hebben het - eens zo 

populaire - ‘babbeltempo’ helaas naar de achtergrond verdrongen. Leonie Wolthuis. Mijn 

hooggeletterde vriendin. Ik kan altijd bij je terecht voor taal-tips. Maar je bent veel meer 

een goede en oprechte vriendin, wiens onderbouwde mening me vaak tot nadenken zet. 

Een deel van het schrijfwerk heb ik in jouw twee (vorige) huizen gedaan. Miranda	Draaijer. 

We kennen elkaar zó goed en wat hebben al zóveel goede en gezellige momenten gekend. 

Jij bent altijd geïnteresseerd hoe het met de ander gaat. Laten we snel weer afspreken om 

wat te gaan drinken. Esther	 ten	Hoeve.	 Jouw eerlijkheid, oprechtheid en directheid zijn 

goud waard. Jouw onderbouwde uitgesprokenheid waardeer ik zeer en levert dikwijls ook 

leuke gesprekken op. De moed waarmee jij het leven tegemoet gaat is inspirerend. Jeroen 

Tideman. Mijn oudste vriendschap. Ik ken je al sinds mijn 1e levensjaar. Dat kunnen weinig 

mensen zeggen. Fijn dat onze vriendschap zich, ook na mijn verhuizing tijdens groep 4 van 

de basisschool, heeft doorontwikkeld. We spreken elkaar eigenlijk te weinig, maar wat de 

gespreksstof ook is, er spreekt altijd vertrouwdheid, vriendschap en respect uit. Na al die 

jaren durf ik de stelling “liever een goede buur dan een verre vriend” te verwerpen. Keith 

de Cantrelle. We became good friends in 2009 and I value that we kept in touch since then. 

Although we don’t speak each other that often, but when we do, it feels like yesterday. I 

remember one of your expressions “never talk yourself down, always believe in yourself”. 

Thank you for that. It helped me through finishing this thesis. Liquan Liu. When we met, you 

were still working on your thesis. I had just started. You have been a good friend I can turn to 

for advice within or beyond the scope of science. Ik wil graag mijn fiets- en schaatsvrienden 

Martijn	de	Groot en Cas	Zwaneveld bedanken voor de broodnodige ontspanning op de 

fiets. Fietsen bleek altijd de oplossing. Ook mijn (andere) oud ganggenoten van Uilenstede	

173, waarmee ik nog goed contact heb. Evelien	van	de	Veer,	Hieke	van	de	Hoogte,	Janneke	
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Nachtegaal, Michiel Bosgra en	Rolf	Kramer. Dank voor de interesse en steun.

Familie

Natuurlijk wil ik mijn ouders Gerry Groot Dengerink en Aat	van	Kernebeek bedanken voor 

hun steun. Niet alleen voor de steun tijdens de laatste jaren, maar ook voor het vertrouwen 

dat ik van jongs af aan heb meegekregen om ergens voor te gaan als je er in gelooft. Jullie 

onvoorwaardelijke liefde en steun heeft me ook dit keer gesterkt om door te blijven gaan. 

Wat bof ik met jullie en de goede basis die jullie me hebben meegegeven. Mijn broer 

Mark van Kernebeek. Je bent altijd een grote steun voor me en iemand wiens mening ik 

sterk waardeer. Over nagenoeg over ieder onderwerp kunnen we ideeën uitwisselen en 

interessante discussies aanknopen. We kennen elkaar zo goed en met het fijne contact 

dat we hebben kan ik altijd rekenen op een eerlijke en verrijkende reactie met oog voor 

verschillende perspectieven. Super bedankt dat ook jij in me bleef geloven.  My dear partner 

Nuo Li. We got to know each other during my PhD time and you have been an important 

support to me ever since. Certainly at times when progress felt slow. Your ambition and 

vision regarding “lifelong learning” in all aspects of life inspires me to keep improving myself, 

but I promise to do a PhD trajectory only once. I look forward to making many beautiful 

memories with you in the future. Jan van Kernebeek. Door een toevallige samenloop van 

omstandigheden kon ik in 2018 een tijdje in jouw huis verblijven. Daar heb ik me uitstekend 

kunnen concentreren en ben ik goed opgeschoten met het afronden van de laatste 

hoofdstukken. Dank je voor de gastvrijheid ome Jan. Sofie	Groot	Dengerink. Bedankt voor 

je bijdrage in de vorm van het prachtige omslag-design. Alle andere familieleden natuurlijk 

ook bedankt voor de belangstelling die jullie altijd getoond hebben.



544448-L-bw-Kernebeek544448-L-bw-Kernebeek544448-L-bw-Kernebeek544448-L-bw-Kernebeek
Processed on: 4-8-2020Processed on: 4-8-2020Processed on: 4-8-2020Processed on: 4-8-2020 PDF page: 174PDF page: 174PDF page: 174PDF page: 174

174

ABOUT	THE	AUTHOR

Tim van Kernebeek was born on March 20th 1981 in Amsterdam, 

The Netherlands. After graduating secondary school, he started 

his study Human Movement Sciences at the VU University in 

Amsterdam. He conducted his research internship on the 

optimization of the starting strategy in swimming supervised by 

dr. Huub Toussaint and obtained his master’s degree in 2007. In 

2012 he moved to India for a year to co-establish an orthopedic 

workshop in Visakhapatnam, in cooperation with Movendi 

Foundation, ARDAR, and Friends Indeed. Here, local people 

were trained in fitting and manufacturing orthoses.

After coming back to Amsterdam in 2013, Tim started his PhD trajectory at the Academy for 

Physical Education Amsterdam University of Applied Sciences, in cooperation with the VU 

University in Amsterdam. He co-initiated the MAMBO-cohort (Measuring Motor Skills of 

Children in Primary Education) in 2014, and from 2017 onwards he combined his research 

projects with teaching courses on motor skills testing and research skills at the Academy for 

Physical Education. In 2018 he completed his Master in Epidemiology at the VU University 

in Amsterdam.

Contact

timvankernebeek@icloud.com

linkedin.com/in/timvankernebeek

researchgate.net/profile/Willem_Van_Kernebeek

mailto:timvankernebeek@icloud.com
https://linkedin.com/in/timvankernebeek
https://researchgate.net/profile/Willem_Van_Kernebeek


544448-L-bw-Kernebeek544448-L-bw-Kernebeek544448-L-bw-Kernebeek544448-L-bw-Kernebeek
Processed on: 4-8-2020Processed on: 4-8-2020Processed on: 4-8-2020Processed on: 4-8-2020 PDF page: 175PDF page: 175PDF page: 175PDF page: 175

175

List of publications

LIST	OF	PUBLICATIONS

International	Publications

de Kroon MLA, van Kernebeek WG, Neve BF, ter Veer JM, Reijneveld SA, de Vet HCW, 

Toussaint HM. Concurrent validity and discriminative ability of Dutch performance-based 

motor tests in 5 to 6 years old children. PLOS ONE. 2019;14(11):e0224722.

van de Kop JH, van Kernebeek WG, Otten RHJ, Toussaint HM, Verhoeff AP. School-based 

physical activity interventions in prevocational adolescents: A systematic review and meta-

analyses. J Adolesc Health, 2019;65(2):185-194.

van Kernebeek WG, de Kroon MLA, Savelsbergh GJP, Toussaint HM. The validity of the 

4-Skills Scan A double-validation study. Scand J Med Sci Sports. 2018;28(11):2349-2357.

van Kernebeek WG, de Schipper AW, Savelsbergh GJP, Toussaint HM. Inter-rater and 

test–retest (between-sessions) reliability of the 4-Skills Scan for Dutch elementary school 

children. Meas Phys Educ Exerc Sci. 2018;22(2):129-137.

Publications	in	Dutch

Paddenburg JHR, van Kernebeek WG, Schweitzer MN, Janssen M. De ondersteuningsroute 

bewegen en motoriek: samen onze zorg! Lichamelijke Opvoeding. 2020;4(102):12-15.

Willems WAJJ, Erken IE, Johannes M, van Kernebeek WG, de Schipper A, Toussaint HM. 

Goed bewegen van basisschoolleerlingen is onze zorg: Samen aan de slag met de gymleraar. 

JGZ Tijdschr Voor Jeugdgezondheidsz. 2016;48(4):72-77.

van Kernebeek WG. Passend gymonderwijs. Lichamelijke Opvoeding. 2014;9(102):14-15.

Conference	Proceedings

van Kernebeek WG. De effecten van extra uren bewegingsonderwijs in het basisonderwijs. 

Oral presentation, Dag van de Lichamelijke Opvoeding; March 13th, 2019. ‘s-Hertogenbosch, 

The Netherlands.



544448-L-bw-Kernebeek544448-L-bw-Kernebeek544448-L-bw-Kernebeek544448-L-bw-Kernebeek
Processed on: 4-8-2020Processed on: 4-8-2020Processed on: 4-8-2020Processed on: 4-8-2020 PDF page: 176PDF page: 176PDF page: 176PDF page: 176

176

van Kernebeek WG, de Kroon MLA, de Schipper AW, Toussaint HM. Goed bewegen: Wat 

is goed genoeg? Oral presentation, Dag van de Lichamelijke Opvoeding; March 29th, 2017. 

Apeldoorn, The Netherlands.

van Kernebeek WG. de Schipper AW, Savelsbergh GJP, Toussaint HM. Motor development 

in elementary school children: The need for a motor screening instrument for physical 

education teachers. Oral presentation, 1st Science and Engineering Conference on Sports 

Innovations (SECSI); April 8th, 2016; Amsterdam, The Netherlands.

van Kernebeek WG, de Schipper AW, Engberink MF, Toussaint HM, Weijs PJM. Reduced 

lean body mass within school children with normal BMI is associated with low gross motor 

performance. Oral presentation, 3rd International Conference on Nutrition & Growth; March 

19th, 2016; Vienna, Austria.

van Kernebeek WG. Motoriek telt: Validiteit van de 4-Vaardighedenscan. Oral presentation, 

Dag van het Sportonderzoek. November 10th, 2016; Groningen, The Nederlands.

van Kernebeek WG. Bepalen van grofmotorische vaardigheden binnen het basisonderwijs: 

Een motoriekscan tijdens de gymles. Oral presentation, Dag van het Sportonderzoek. 

October 13th, 2014. Nijmegen, The Netherlands.





544448-L-os-Kernebeek544448-L-os-Kernebeek544448-L-os-Kernebeek544448-L-os-Kernebeek Processed on: 6-8-2020Processed on: 6-8-2020Processed on: 6-8-2020Processed on: 6-8-2020

Amsterdam Movement Sciences
Amsterdam Movement Sciences

Amsterdam Movement Sciences conducts scientific research to
optimize physical performance in health and disease based on
a fundamental understanding of human movement in order to
contribute to the fulfillment of a meaningful life.

UITNODIGING

voor het bijwonen van de openbare 

verdediging van het proefschrift

GYMMERMANSOOG
Quantification of gross motor 

skills within the physical 

education setting

Willem G. van Kernebeek

Op woensdag 7 oktober 2020

om 11:45 precies

in de aula van de Vrije Universiteit 

(hoofdgebouw)

De Boelelaan 1105 te Amsterdam

U wordt verzocht 15 minuten voor 

aanvang aanwezig te zijn.

Na afloop van de promotie bent u van 

harte uitgenodigd voor de receptie.

Paranimfen

Huib van de Kop 

e-mail: j.h.van.de.kop@hva.nl /

tel. 06-21158166

Anne den Uil  

e-mail: a.r.den.uil@hva.nl


