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ABSTRACT 

 

Previous research has shown that associated movements (AMs) decrease with age in 

typically developing children. However, considerable variability has been found to exist 

between children of the same chronological age (Wolff et al., 1983; Largo et al., 2001) and 

the reasons for this variability are unclear. As AMs are considered to be a construct of 

motor behaviour it is possible that varying levels of motor ability may contribute to this 

variability. Only a few studies have investigated the relationship between motor ability and 

AM expression, and those have resulted in equivocal findings.  

 

Therefore, the aim of the first study in this research project was to investigate the 

relationship between motor ability and AMs using a large sample of normative children 

(N=165). Group 1 consisted of 19 boys and 33 girls in school year 1 with a mean age of 6 

years and 4 months (SD = 4 months); Group 2 consisted of 28 boys and 29 girls in school 

year 3 with a mean age of 8 years and 3 months (SD = 3 months); and Group 3 consisted of 

27 boys and 29 girls in school year 5 with a mean age of 9 years 11 months (SD = 5 

months). Motor ability was established using the McCarron Assessment of Neuromuscular 

Development (MAND) (McCarron, 1982). Associated movements were measured using 

tasks adapted from the Zurich Neuromotor Assessment (Largo et al., 2002), the Fog Test 

(Fog & Fog, 1963), and Licari et al. (2006). The AM tasks included 3 contralateral tasks: 1) 

finger sequencing, 2) clip pinching and, 3) pegboard; and 3 bilateral tasks: 4) walking on 

toes, 5) walking on heels and, 6) walking with feet externally rotated. The AMs were 

measured qualitatively using a scale developed by Largo et al. (2001, 2002) to rate AMs. 

 

The AM data were entered into the Rasch Unidimesional Measurement Model (RUMM) 

2020 program (Andrich et al., 2004) and person location estimates were created for each 

child representative of a total AM score. A moderate correlation was found to exist between 

motor ability and AM scores (r = -0.63, p < 0.001) demonstrating that motor ability makes 

a considerable contribution in explaining the variability in AM expression between 

children. Like other studies investigating the developmental profiles of AMs in children, 

this study found that AMs decreased steadily with age with the rate of decline task specific, 

that males displayed significantly more AMs than females of the same chronological age (p 
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< 0.001) on contralateral tasks, and the active non-preferred hand initiated significantly 

more AMs on the clip pinching and pegboard tasks (p < 0.001).  

 

The second study in this research project continued to explore the relationship between 

motor ability and AMs by investigating whether increased severity of AMs previously 

reported in children with attention deficit hyperactivity disorder (ADHD) (Denckla & 

Rudel, 1978; Lazarus, 1994; Mostofsky et al., 2003) is reflective of symptoms associated 

with the disorder or movement difficulties co-occurring in some children with the disorder. 

Four groups of children participated in the study. Group 1 consisted of 13 children with 

Developmental Coordination Disorder (DCD) with a mean age of 7 years 3 months (SD = 9 

months); Group 2 consisted of 13 children with ADHD with a mean age of 7 years 4 

months (SD = 11 months); Group 3 consisted of 10 children with co-occurring DCD and 

ADHD with a mean age of 7 years 4 months (SD = 10 months); and, Group 4 was a 

normative sample 15 control children. The children undertook the same AM assessment 

protocol outlined for Study 1.  

 

The AM data was entered into the RUMM 2020 and person location estimates (Rasch AM 

scores) were created for each child based on the person location map from Study 1. A 

comparison of AM scores between the groups revealed that the DCD and DCD/ADHD 

groups showed significantly more (p <0.001) AMs than the children in the ADHD and 

control groups. No significant differences were found between children in the DCD and 

DCD/ADHD groups (p = 0.19) or the ADHD and control groups (p = 0.67). The findings of 

this research show that increased expression of AMs is not influenced by the symptoms of 

ADHD. In addition, the finding that increased expression of AMs in children with DCD 

extends the findings from Study 1 showing that AM expression is linked to motor ability. 

Overall this research has enhanced the understanding of a unique measure of motor 

behaviour. 
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Chapter 1 

 

General Introduction 
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1.1. Research Rationale 

It takes several years of learning and development for children to perform motor skills 

efficiently as coordinated movement. During this process, children often display 

additional movements which are commonly referred to as associated movements. These 

additional movements have also been referred to as mirror movements (Bauman, 1932), 

motor irradiation (Cernacek, 1961), motor overflow (Yensen, 1965), homologous 

movements (Schott & Wyke, 1977) and synkinetic movements (Cambier & Dehen, 

1977). For the purpose of this project, these movements will be referred to as associated 

movements (AMs) (Fog & Fog, 1963). Currently, this is the most frequently used term 

and is the most appropriate for the types of movements elicited by the tasks in this 

research. 

 

Associated movements have been identified as normal developmental phenomena that 

occur during early and middle childhood (Wolff, Gunnoe & Cohen, 1983). They are 

typically present in parts of the body not actively involved in the performance of a 

motor skill and are thought to be under involuntary control. A number of researchers 

have considered these movements to relate to maturation in that AMs could result from 

immaturity of the central nervous system (Cohen, Taft, Mahadevich & Birch, 1967; Fog 

& Fog, 1963; Green, 1967; Connolly & Stratton, 1968). A dramatic reduction in the 

incidence and severity of AMs has been found in typically developing children aged 

between 6 and 9 years of age (Abercrombie, Lindon & Tyson, 1964; Cohen et al., 1967; 

Zazzo, 1960). The reduction across ages has been found to vary according to gender, as 

have the characteristics of the task used to initiate AMs (Largo et al., 2001; Largo, 

Fischer & Caflisch, 2002).  

 

Considerable variability in the expression of AMs between children of the same 

chronological ages has also been found (Wolff et al., 1983; Largo et al., 2001). Few 

studies have addressed why this inter-individual variability might exist. It is possible 

that this variability is attributable to varying levels of motor ability. There are many 

different definitions of motor abilities, but for the purpose of this thesis movement 

ability is defined as a hypothetical construct used to describe the capacities of an 

individual that underlie the performance of movement skills, with these capacities 

influenced by maturation and experience. Studies investigating the influence of motor 

ability on AM expression have found mixed results. Some studies have reported low 

correlations (Fellick, Thomson, Sills, & Hart, 2001), while other studies have reported 
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moderate correlations (Licari, Larkin & Miyhara, 2006; Szatmari & Taylor, 1984). 

Study designs may have influenced the equivocal relationships found, such as small 

sample sizes, samples of children with highly variable dysfunctions, or limited AM 

measures. As a result, the relationship between AMs and levels of motor ability is 

unclear. In order to determine the relationship between these two constructs, further 

research is required using: 1. a large sample of normative children, 2. a well developed 

and reliable measure of motor ability, and 3. an extensive and reliable AM assessment 

protocol. 

 

There is also evidence to suggest AMs may be linked to more than just motor ability, 

with some researchers linking AM expression to cognition/intelligence (Fellick et al., 

2001; Wolff et al., 1983), attention (Lazarus, 1994; Lazarus & Todor, 1991; Waber et 

al., 1985) and behavior (Fellick et al., 2001; Szatmari & Taylor, 1984). Studies 

investigating these factors typically explore the severity of AMs in clinical populations 

with relevant disorders. One characteristic noted in many clinical populations is the 

presence of attention disorders (Waber et al., 1985), so more recent studies have 

examined AMs in children with attention deficit hyperactivity disorder. These studies 

found mixed results with some reporting increased levels of AMs in children with 

attention difficulties (Denckla & Rudel, 1978; Mostosfky, Newschaffer & Denckla, 

2003), and others who failed to confirm the finding (Lazarus, 1994). One important 

aspect that may have been overlooked is that a large number of children with attention 

disorders also have co-occurring movement difficulties (Dewey & Wilson, 2001; 

Macnab, Miller & Polatajko, 2001). Hence, further research is needed to clarify whether 

AMs are associated with underlying dysfunction related specifically to attention 

difficulties, or if they are a direct result of movement difficulties (poor motor ability) 

which may co-exist in some children with this disorder. 

 

1.1.1. Significance of the Research 

This research investigated the depth to which AMs truly are a measure of motor 

behavior by firstly investigating the relationship between motor ability and AMs using a 

large normative sample of children. This first study used a sample of 165 children aged 

6 to 10 years with no known movement, intellectual, attention or behavioural 

difficulties/disorders which may have altered AM expression. Children were assessed 

on well developed and reliable measures of motor ability and AMs, to allow for a true 
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indication of the relationship between these two variables. In addition, Study 1 sought to 

extend the current understanding of AM age, gender, task and hand differences.  

 

A second study continued to explore the relationship between AM expression and motor 

ability by investigating whether the symptoms of attention deficit hyperactivity disorder 

(ADHD) contributes to an increased severity of AMs in children with the disorder or 

whether underlying movement difficulties co-occurring in some children with the 

disorder is related to the increased severity previously reported in this population. This 

study compared the severity of AMs in children with attention deficit hyperactivity 

disorder (ADHD) with no movement difficulties, children with ADHD with co-

occurring movement difficulties, children with movement difficulties only, and a 

normative sample.  

 

Another important aspect of this research is that it utilised a unique analysis method, 

Rasch modelling, to create a total AM score reflective of a child’s performance on all of 

the AM task items. This is one of the first research projects to use Rasch modelling to 

explore a construct of motor behavior in children, and the first to use it with AMs. It 

was used to generate a total score reflective of a child’s performance on all of the AM 

task items, and to rank AM task difficulty. Rasch modelling was used to calibrate items 

onto a logit scale, thereby constituting an interval level of measurement (Andrich, 1978, 

1988; Rasch, 1961; Wright & Stone, 1979). By using this model with the data obtained 

from this research, parametric statistical procedures could be employed. 

 

1.2. Aims of the Research 

The research was divided into two studies. The aim of Study 1 was to examine the 

expression of AMs in children aged 6, 8, and 10 years in order to: 

 Determine the relationship between AMs and levels of overall motor ability. 

 Examine any changes in AMs across age groups and gender. 

 Establish age profiles of AMs on different types of AM tasks. 

 Examine whether there were any differences in initiation of AMs between 

tasks. 

 Identify whether the expression of AMs differ according to gender across 

AM tasks. 
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 Identify whether there are any differences between the active preferred hand 

and active non-preferred hand on contralateral AM tasks. 

 

Study 2 aimed to determine whether symptoms of ADHD is related to increased AMs in 

children with ADHD by: 

 Examining the expression of AMs in children with ADHD, Developmental 

Coordination Disorder (DCD), co-occurring ADHD and DCD and a 

normative sample.  

 

1.3. Research Hypotheses 

In Study 1, it was hypothesised that: 

(1) A moderate to strong relationship between motor ability and AM expression 

would exist, with children with low motor ability displaying more AMs than 

children with higher levels of motor ability. 

(2) AMs would decrease with age. 

(3) Gender differences that might exist would be a function of AM task type. 

(4) Tasks would initiate varying severities of AMs. 

(5) Hand differences that might exist would be a function of AM task type. 

 

In Study 2 it was hypothesised that: 

(1) Children with movement difficulties (DCD and DCD/ADHD groups) would 

display more severe AMs than children with attention deficits only (ADHD 

group). 

(2) Children with co-occurring DCD and ADHD would display AM levels 

comparable to children with movement difficulties only (DCD group). 

(3) Children in the ADHD group would display AM levels comparable to the 

normative sample. 

 

1.4. Thesis Outline 

Regulations at the University of Western Australia permit the submission of a thesis by 

research as papers and/or standard chapters. Both chapters and research papers are 

incorporated in this thesis. A brief description of the chapters of this thesis is provided 

below: 
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Chapter 1 – general introduction of the research topic. Includes a discussion of why the 

research was conducted, the aims and hypotheses, definition of terms and abbreviations, 

and limitations/delimitations. 

Chapter 2 – general review of the literature specific to the topic. The review addresses 

what AMs are and their hypothesised cause, AM types and classifications, tasks used to 

initiate AMs and relevant scoring procedures. The review then highlights some of the 

key research that has been conducted in the past, specific to age and gender differences 

in normative populations, hand variability, within age variability, and finally persistence 

and increased severity. 

Chapter 3 – detailed methodology of Studies 1 and 2. Includes detail on participant 

recruitment, relevant assessment procedures in each study, and statistical procedures 

and analyses. 

Chapter 4 – results of Study 1 addressing hypotheses 1-2. The chapter is presented as a 

paper and is entitled: ‘Associated Movements: The Influence of Motor Ability, Age and 

Gender’. 

Chapter 5 – results of Study 1 addressing hypotheses 2-5. The chapter is presented as a 

paper and is entitled: ‘Task Differences in the Expression of AMs in Children’.  

Chapter 6 – this chapter focuses on the unique measurement model that was applied to 

the data in Study 1 to create a total score reflective of children’s performance on the 

task items included in the research. The chapter is presented as a paper and is entitled: 

‘Measurement of Associated Movements: Application of Rasch Analysis’.  

Chapter 7 – results from Study 2 addressing hypotheses 1-3. The chapter is presented as 

a paper and is entitled: ‘Increased Associated Movements: Influence of Attention 

Deficits and Movement Difficulties’. 

Chapter 8 – summary, conclusions and future directions. 

 

1.5. Definition of Terms and Abbreviations 

Associated Movements (AMs) – involuntary movements that simultaneously occur in 

parts of the body not actively involved in the intended performance of motor skills 

(Licari et al., 2006). 

Attention Deficit Hyperactivity Disorder (ADHD) – family of chronic neurobiological 

disorders that interfere with an individuals’ ability to regulate level behaviour 

(hyperactivity/impulsivity) and attend to tasks (inattention) in developmentally 

appropriate ways (APA, 1994). 
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Bilateral AMs – involuntary movements occurring in the upper extremities while the 

lower extremities perform an intended motor act (Fog & Fog, 1963). 

Contralateral AMs – involuntary movements occurring in homologous and/or non-

homologous muscles in the non-active limb opposite to the active limb (Cernacek, 

1960). 

Developmental Coordination Disorder (DCD) – a disorder in which a child lacks the 

motor coordination necessary to perform tasks that are appropriate for his or her age, 

given normal intellectual ability and absence of neurological disorders (APA, 1994). 

Ipsilateral – involuntary movements occurring in non-homologous muscles of the 

active limb that serve no functional purpose to the movement (Parlow, 1990). 

MAND – McCarron Assessment of Neuromuscular Development (McCarron, 1982). 

Motor Ability – general trait of an individual based on their performance on several 

kinds of tasks (Schmidt, 1975). 

Neurological Soft Signs – any neurological deviation (motor, sensory or integrative) in 

a person that is not related to any fixed or transient neurological lesion or neurological 

disorder (Basu, Ram, Das & Gupta, 2001; Quitkin, Rifkin & Klein, 1976). 

SNAP-IV – Swanson, Nolan and Pelham (1992) ADHD Questionnaire 

ZNA – Zurich Neuromotor Assessment (Largo, Fischer & Caflisch, 2002). 

 

1.6. Delimitations 

 The ages of the participants was chosen to reflect the age when a significant 

reduction in the number of AMs occurs. 

 The tasks included in the AM assessment have initiated a substantial amount of 

AMs in previous research and reliability on most measures has been confirmed. 

 The motor ability assessment included in this research has established validity 

and reliability. 

 

1.7. Limitations 

 Only two types of AMs were measured (contralateral and bilateral), with these 

tasks used to represent the construct of AMs. Other types of AMs have been 

identified in previous research. However, these tasks were excluded either due to 

lack of evidence to confirm that they are measuring AMs or poor reliability.  

 Lack of motivation, mood and fatigue may have interfered with a child’s ability 

to follow instructions and perform tasks as requested.  



 

 

 

 

 

Chapter 2 

 

Literature Review 



7 

 

2.1. Introduction 

This chapter reviews literature exploring areas of AM research directly related to this 

project. The first section discusses literature related to cause and classification of AMs. 

The second section examines the different tasks used to initiate AMs, their 

measurement, reliability and validity. The third section discusses age and gender 

differences, and hand and within age variability in normal populations. The final section 

looks into persistence and increased severity of AMs. The review is not intended to be 

exhaustive but illustrative of the conceptual issues and empirical findings relevant to the 

research presented in this thesis.  

 

2.2. What are Associated Movements? 

Associated movements are commonly described as „unintentional‟ or „unnecessary‟ 

movements that accompany the performance of a voluntary motor act (Armatas, 

Summers & Bradshaw, 1994; Connolly & Stratton, 1968; Liederman & Foley, 1987; 

Mayston, Harrison & Stephens, 1999). The term „unintentional‟ suggests that the 

movement is involuntary or not under conscious control, while the term „unnecessary‟ 

implies that the movement serves no functional purpose. Although these terms are used 

frequently when referring to AMs, it is difficult to classify the movements as 

unnecessary and unintentional when the exact cause of these movements and their 

functional significance is unknown.  

 

Gahery (1987) proposed a classification framework based on work by Foerster (1903) to 

help distinguish between the varying levels of AMs. The framework (shown in Figure 

1) initially divides AMs into two different levels – purposive and non-purposive, with 

AMs separated on the basis of whether they have a functional significance or not. 

Associated movements recognised as having a functional significance are classified as 

purposive AMs. A number of different types of movements fall into this category, such 

as anticipatory postural adjustments. Any movements with no functional significance 

fall into the category of non-purposive AMs, which can then be further categorised into 

normal and pathological types. Pathological AMs are those present in individuals‟ with 

diagnosable neurological dysfunction, such as Kallman‟s and Klippel-Feil syndromes, 

while normal AMs are those that have no underlying neurological pathology related to 

their cause. When an underlying pathology cannot be found, and AMs persist 

throughout the lifespan, they are classified as normal permanent AMs. However, when 
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AM severity changes, such as when a decline is seen with increasing age throughout 

childhood, these movements are classified as normal transient AMs. This classification 

described by Gahery (1987) provides a useful framework for discriminating between 

AMs in a variety of different populations and helps to better understand what AMs 

represent. 

 

 

Figure 1. Associated Movement Classification Framework (Gahery, 1987) 

 

2.3. What Causes Associated Movements? 

A number of theories have been put forward to explain the possible causes of AMs. 

Two of the most highly regarded theories are the Transcallosal Activation Theory and 

the Ipsilateral Activation Theory. These theories are discussed below.  

 

2.3.1. Transcallosal Activation Theory 

One of the earliest cortical theories was put forward by Cernacek (1961) who proposed 

the transcallosal facilitation theory (also referred to as the bilateral activation theory). 

This theory suggests that activation of one hemisphere involved in unimanual 

movement causes activation of the other hemisphere via inter-hemispheric connections 

(see Figure 2). This activation of the contralateral hemisphere is thought to result in 

movement in the limbs on the side opposite to those performing the voluntary 

unimanual movement. This leads one to question how these movements are inhibited so 

that efficient movement is achieved. Subsequent versions of the theory suggest that 

Associated 

Movements 

Normal Pathological 

Permanent Transient 

Non-purposive Purposive 
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AMs are inhibited through inter-hemispheric transfer of inhibitory mechanisms (Aranyi 

& Rosler, 2002; Febert et al., 1992; Mayston, Harrison, & Stephens, 1999; Sohn, Jung, 

& Kaelin-Lang, 2003).  

 

 

Figure 2. Transcallosal Activation Theory 

 

As discussed later in this review of literature, AMs decrease with increasing age during 

childhood, with movements rarely seen in children over the age of 10 years on most 

simple AM tasks (Connolly & Stratton, 1968; Geuze, 2004; Hoy et al., 2004b). This 

decline in AMs during middle childhood coincides with the completion of myelination 

of the corpus callosum (Yakovlev & Lecours, 1967) and also the attainment of motor 

sequences required for the performance of more advanced motor skills. Associated 

movements can still be initiated during late childhood (Connolly & Stratton, 1961; 

Largo et al., 2001) and also into adulthood (Cernacek, 1961; Liederman & Foley, 1987) 

with particular tasks that require considerable effort (i.e. complex tasks or tasks that 

require initiation of force). This suggests that callosally transferred inhibitory 

mechanisms are not fully functional or they are reduced in certain situations. 

 

In populations with various neurological and psychiatric conditions, the nervous system 

is often damaged or structurally abnormal. This can lead to an inefficient transfer of 

information between the two cerebral hemispheres and result in the presence of 

abnormal motor behaviour.  Research investigating AMs in patients with schizophrenia 

has shown increased AMs (Hoy et al., 2004a; Vrtunski, Simpson, & Meltzer, 1989). It 

has also been found that patients with schizophrenia have a reduced cross-sectional area 

of the corpus callosum (Bachmann et al., 2003; Woodruff, McManus & David, 1995) 

which may alter inter-hemispheric connectivity (Brambilla et al., 2005). Such altered 
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inter-hemispheric activity suggests that callosally transferred inhibitory mechanisms are 

not fully functional and lead to excessive motor behaviour, which provides further 

support for the transcallosal facilitation theory. 

 

2.3.2. Ipsilateral Activation Theory 

A second theory that has been proposed is referred to as the ipsilateral activation theory 

(also referred to as the corticospinal activation theory). The theory suggests that, when 

unimanual movement is initiated by a hemisphere, information travels down fibres 

running ipsilaterally in the corticospinal tract and results in limb movement of the side 

opposite to those performing the voluntary movement (Haerer & Currier, 1966; Green, 

1967). This theory is illustrated in Figure 3. 

 

 

Figure 3. Ipsilateral Activation Theory 

 

The corticospinal tract is a bundle of nerve axons originating primarily from the primary 

motor and premotor areas of the brain, descending down the brainstem and terminating 

in grey matter regions of the spinal cord (Davidoff, 1990). The tract is the most direct 

way in which the cerebral cortices transfer motor and receive sensory information 

(Schieber, 2007). At the lower medulla, between 85% and 90% of the fibres cross 

contralaterally to form the pyramidal decussation, while the remaining fibres remain 

uncrossed and descend ipsilaterally (Nyberg-Hansen & RinVik, 1963; Davidoff, 1990). 

These uncrossed ipsilateral fibres are thought to be cause of AMs on the same side as 

the cerebral hemisphere initiating the movement (Haerer & Currier, 1966; Green, 1967). 

It has been suggested that as the central nervous system matures in children the 

uncrossed corticospinal tract becomes controlled leading to a decline in AMs during 

childhood (Carson, 2005; Eyre, Taylor, Villagra, Smith & Miller, 2001; Green, 1967).  
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2.4. Types of Associated Movements 

The terms motor overflow (Armatas, Summers & Bradshaw, 1994; Cohen et al., 1967; 

Hoy et al., 2004a; Szatmari & Taylor, 1984; Waber et al., 1985) and associated 

movement (Connolly & Stratton, 1968; Fog & Fog, 1963; Geuze, 2004; Largo et al., 

2001; Lazarus, 1994; Lazarus & Todor, 1991; Licari et al., 2006; Wolff et al., 1983) are 

both frequently used as blanket terms describing any movement under unconscious 

control accompanying the performance of a voluntary movement. These movements can 

then be further classified according to the area of the body displaying the movement and 

its relationship to the limb performing the voluntary task. These classifications (referred 

to as AM types) will be discussed below. 

 

The most highly researched type of AM are referred to as contralateral AMs, which are 

movements occurring in the limb contralateral (opposite) to the limb performing the 

voluntary task (Cernacek, 1960). Movements in the contralateral limb that completely 

replicate the active limb are referred to as mirror movements (Bauman, 1932) or 

identical movements (Zulch & Muller, 1969), and movements are characterised by 

identical homologous muscle activation. These mirror movements are most commonly 

seen in individuals with severe neurological dysfunction such as Parkinson‟s disease 

(Daffertshofer, van den Berg & Beek, 1999; Bhattacharya & Lahiri, 2002); Kallmann‟s 

syndrome (Mayston et al., 1997), Klippel-Feil syndrome (Baird, Robinson & Buckler, 

1967; Bauman, 1932) and schizophrenia (Hoy et al., 2004b; Vrtunski et al., 1989). As 

mirror movements also are present in individuals without neurological dysfunction, it is 

impossible to completely link mirror movements directly with neurological dysfunction. 

Contralateral AMs that partially replicate the active limb are referred to as non-specific 

overflow (Wolff, Michel, Ovrutt, & Drake, 1990) or non-mirror movements (Parlow, 

1990), and these movements are most commonly displayed by children. 

 

A second type of AM that has been identified involves movement of the extremities on 

the same side as the active limb. This type of AM is commonly referred to as ipsilateral 

AMs (Parlow, 1990). There are some concerns regarding whether or not the movements 

seen actually contribute to the execution of the motor task. In addition, the 

neuromuscular make-up of certain areas of the body involved in these movements is 

very complex, and some of the ipsilateral movements could be due to mechanical 

factors, such as movements produced by multi-tendon extrinsic muscles of the hand 

(Schieber, 1995). Due to these difficulties, there are few studies of ipsilateral AMs. 
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A third type of AM that has been identified are referred to as bilateral AMs and 

sometimes synkinesis, where upper extremities can mimic the active lower extremities, 

and vice versa (Connolly & Stratton, 1968; Denckla, 1974; Fog & Fog, 1963; Waber et 

al., 1985; Wolff et al., 1983). Some researchers may argue that bilateral AMs assist in 

the maintenance of postural stability (Cordo & Gurfinkel, 2004), but there is currently 

little evidence to suggest that this is the case. Some tasks that have initiated bilateral 

AMs in previous research have minimal impact on stability, but they continue to initiate 

a substantial amount of AMs. For example, Licari et al. (2006) used a walking with feet 

externally rotated task, which has minimal influence on the centre of gravity in a sagittal 

plane, with the task initiating marked supination and flexion of the forearms. 

 

Another AM of which little is known is AMs that occur in the face. These types of AMs 

have been referred to as mimic reactions and are considered to be stress related 

movements (Largo et al., 2002). Some types of mimic reactions that occur when 

performing a task include extending the tongue from the mouth, a wide-opened mouth, 

pursed lips and wide-opened eyes. It is possible for mimic reactions to be confused with 

voluntary movements that take place in the face such as mood related facial expressions, 

and for this reason they not commonly used in AM assessments.  

 

In the present study two different types of AMs were investigated – contralateral and 

bilateral. These types were selected as they are the most thoroughly researched types of 

AMs at present. A number of different tasks have been used to initiate these AMs, some 

of which are incorporated in neuromotor assessments as they have reliability and some 

validity (Connolly & Stratton, 1968; Largo et al., 2001, 2002; Licari et al., 2006; Wolff 

et al., 1983). The following section will provide an in-depth review of the literature of 

the various tasks used to initiate contralateral and bilateral AMs, and how they are 

measured. This is followed by an outline of various assessment protocols that have 

utilised these tasks. 

 

2.5. Tasks used to initiate Associated Movements 

Tables 1 (contralateral) and 2 (bilateral) include a number of tasks that have been used 

to initiate contralateral and bilateral AMs, and some of the research using these tasks to 

investigate AMs in normal and clinical populations. Broadly, there are four categories 

of contralateral AM tasks. These include repetitive movement tasks, sequential 

movement tasks, adaptive movement tasks (Largo et al., 2001, 2002) and force 
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production movement tasks (Armatas et al., 1996a; Todor & Lazarus, 1986). Repetitive 

movement tasks are those where the movement is repeated with no alteration in active 

limbs involved (e.g. finger tapping, hand tapping, foot tapping). Sequential movement 

tasks are those with a set sequence of movements which often involve a change in 

active limbs (e.g. finger sequencing). Adaptive tasks incorporate an element of both 

repetition and sequencing. An example of an adaptive task is using the pegboard in 

which the movement is repetitive and the target location changes. Force production 

tasks require exertion of sub-maximal or maximal forces generally in one continuous 

effort (e.g. clip pinching). 

 

Table 1. Contralateral AM Tasks 

Task Description Measurement Authors 

Index Finger 

Lifting/Tapping 

Repeated lifting of one 

digit (typically index 

finger) with hands palm 

down on a flat surface. 

Lifting has been studied 

at slow and fast paces 

and with weights 

attached to increase the 

strength demand. 

Qualitative or 

Quantitative 

Zazzo (1960) 

Abercrombie et al. (1964) 

Connolly & Stratton (1968) 

Denckla (1985) 

Waber et al. (1985) 

Nass (1985) 

Liederman & Foley (1987) 

Parlow (1990) 

Mostosfky et al. (2003)  

Sequential Finger 

Lifting/Sequencing 

Lifting each digit 

sequentially. 

Qualitative  Cohen et al. (1967) 

Denckla (1974) 

Wolff et al. (1983) 

Nass (1985) 

Waber et al. (1985) 

Noterdaeme et al. (1988) 

Mayston et al. (1997, 1999) 

Largo et al. (2001) 

Licari et al. (2006) 
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Thumb and Index 

Finger 

Pinching/Tapping 

Thumb and index finger 

touch/squeeze together 

either directly or using a 

clip. Some strain gauges 

used for quantitative 

assessment. 

Qualitative or 

Quantitative 

Fog & Fog (1963) 

Abercrombie et al. (1964) 

Connolly & Stratton (1968) 

Ashton (1973) 

Denckla (1974) 

Waber et al. (1985) 

Todor & Lazarus (1986) 

Noterdaeme et al. (1988) 

Durwen & Herzog  (1989) 

Lazarus & Todor (1991) 

Lazarus (1994) 

Lazarus & Whitall (1999) 

Licari et al. (2006) 

Finger flexion-

extension 

Repeated flexion 

extension of index 

finger 

Qualitative Cernacek (1961) 

Armatas et al. (1996a) 

Finger flexion  Flexion of the finger 

typically to a measured 

pre-determined force 

Quantitative Armatas et al. (1994) 

Armatas et al. (1996 a & b) 

 

Hand Squeezing Repeated flexion-

extension of the digits 

Qualitative Cohen et al. (1967) 

Durwen & Herzog (1989) 

Hashimoto et al. (2001) 

Hand Pronation-

Supination 

Repeated pronation-

supination of the 

forearm 

Qualitative  Cohen et al. (1967) 

Denckla (1974, 1985) 

Wolff et al. (1983) 

Waber et al. (1985) 

Stokman, et al. (1986)  

Noterdaeme et al. (1988) 

Largo et al. (2001, 2002) 

Mostosfky et al. (2003) 

Hand Patting Repeated flexion-

extension of wrist in a 

patting action 

Qualitative Denckla (1974, 1985) 

Wolff et al. (1983) 

Waber et al. (1985) 

Noterdaeme et al. (1988) 

Mostosfky et al. (2003) 
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Pegboard Pegs are sequentially 

inserted into a pegboard 

Qualitative Largo et al. (2001, 2002) 

Licari et al. (2006) 

 

Bilateral AM tasks typically involve a variety of different walking postures where foot 

positions are displaced. Many of the tasks alter the centre of gravity, requiring 

considerable maintenance of stability for an efficient performance. As a result, some of 

the tasks may require adjustments in limb positioning to retain balance. Despite this, 

many of the tasks have a heavy emphasis of the assessment placed on the hand 

positioning, with various postures adopted by the hands perceived to make no 

contribution to stability. Other tasks initiate bilateral AMs in a seated posture, whereby 

the task emphasis is placed solely on the movement of the feet. 

 

Table 2. Bilateral AM Tasks 

Task Description Measurement Authors 

Walking on the 

inner soles 

Walking on the inner 

soles of the feet over a 

set distance 

Qualitative Fog & Fog (1963) 

Connolly & Stratton (1968) 

Wolff et al. (1983) 

Szatmari & Taylor (1984) 

Denckla (1985) 

Waber et al. (1985) 

Taylor et al. (1988) 

Largo et al. (2001,2002) 

Mostosfsky et al. (2003) 

Walking on the 

outer soles 

Walking on the outer 

soles of the feet over a 

set distance 

Qualitative Wolff et al. (1983) 

Szatmari & Taylor (1984) 

Denckla (1985) 

Waber et al. (1985) 

Taylor et al. (1988) 

Largo et al. (2001,2002) 

Mostosfsky et al. (2003) 

Walking on toes Walking on the balls of 

the feet over a set 

Qualitative Wolff et al. (1983) 

Szatmari & Taylor (1984) 

Denckla (1985) 
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distance Waber et al. (1985) 

Taylor et al. (1988)  

Largo et al. (2001, 2002) 

Mostosfsky et al. (2003) 

Licari et al. (2006) 

Walking on heels Walking on the heels of 

the feet over a set 

distance 

Qualitative Wolff et al. (1983) 

Szatmari & Taylor (1984) 

Denckla (1985) 

Mostosfsky et al. (2003) 

Taylor et al. (1988) 

Waber et al. (1985) 

Largo et al. (2001, 2002) 

Licari et al. (2006) 

Foot/Toe 

Tapping 

Repeated dorsi-flexion of 

the foot 

Qualitative Denckla (1974; 1985) 

Wolff et al. (1983) 

Waber et al. (1985) 

Noterdaeme et al. (1988)   

Largo et al. (2001) 

Mostosfsky et al. (2003)  

Heel-toe Tapping Repeated dorsi-flexion to 

lift the toes off the 

ground followed by 

plantar-flexion to lift the 

heel 

Qualitative Denckla (1974, 1985)  

Wolff et al. (1983) 

Waber et al. (1985) 

Noterdaeme et al. (1988)   

Largo et al. (2001, 2002) 

Mostosfsky et al. (2003)  

Walking with 

feet externally 

rotated 

Walking with feet turned 

out and legs externally 

rotated 

Qualitative Licari et al. (2006) 

 

From the tasks mentioned above, six were selected to be included in the AM assessment 

protocol for this research. Three contralateral tasks were selected and these included: (1) 

finger sequencing, (2) clip pinching, and (3) pegboard. The finger sequencing and 

pegboard task were adapted from Largo et al. (2001) and are currently included in the 

Zurich Neuromotor Assessment (ZNA) (Largo et al., 2002). The clip pinching task was 

developed from Fog and Fog (1963), with exertion of force required to push open a 

spring-loaded clip. Three bilateral AM tasks were selected and these included: (1) 

walking on toes, (2) walking on heels, and (3) walking with feet externally rotated. The 

walking on toes and walking on heels tasks were adapted from Largo et al. (2001), 
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while the walking with feet externally rotated task was taken from previous research by 

the author (Licari et al., 2006). 

 

2.6. Measurement of Associated Movements 

Assessment of AMs is predominantly based on observation and qualitative numerical 

scales are used to rate the severity of AMs seen. These scales are used to classify AMs 

into categories according to the positions of the inactive limbs in relative to the active 

limbs. Previous research has used two, three and four point ordinal scales. Connolly and 

Stratton (1968) used a two-point scale to investigate contralateral AMs with 0 = a pass 

and the presence of no AMs, and 1 = a fail and the presence of AMs. Parlow (1990) also 

used a two-point scale for the assessment of ipsilateral AMs with 0 = absence of AMs 

and 1 = presence of AMs. Waber et al. (1985) used a three-point scale to assess 

contralateral AMs, with 0 = no movement, 1 = slight movement, and 2 = marked 

overflow. Similarly, Parlow (1990) used a three-point scale to investigate contralateral 

AMs where 0 = no movement, 1 = non-specific movement, and 2 = specific movement. 

Cohen et al. (1967) used a four-point scale to examine contralateral AMs, with 0 = no 

movement, 1 = minimal movement, 2 = moderate movement, and 3 = marked 

movement. Largo et al. (2001) also used a four-point scale, with 0 = no AMs, 1 = barely 

visible AMs, 2 = moderately expressed AMs, and 3 = markedly expressed AMs. 

 

The use of two-point ordinal scales is considerably limited as it merely classifies AMs 

as present or absent, and provides no levels of severity. The three- and four-point 

ordinal scales have been shown to be a more effective way of classifying the severity 

levels of AMs. Therefore, the present study adopted a four-point scale to assess AMs. 

The scoring system was based on a scale developed by Largo et al. (2001, 2002): 0 = no 

movement, 1 = barely visible AMs, 2 = moderate AMs and 3 = marked AMs. A full 

description of the scoring protocol for each task is presented in Chapter 3. 

 

2.6.1. Reliability and Validity of Measures 

Few studies have examined the reliability and validity of measures. The tasks used in 

this research were selected because some measures of reliability have been established, 

with significant reliability correlations found. Largo et al. (2001, 2002) examined intra-

rater, inter-rater and test-retest reliability on four of the tasks included in this study. The 

tasks include finger sequencing, pegboard, walking on toes and walking on heels. 

Reliability correlations are presented in Table 3. Most correlations reported for each 
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task are moderate to high. However, test-retest reliability is relatively low on the finger 

sequencing and walking on toes tasks. The work by Largo et al. (2002) is based on the 

reported correlations in the ZNA. Table 3 presents two reliability scores for the 

contralateral tasks in the ZNA, with one score representing reliability on the preferred 

hand and the other on the non-preferred hand. As seen in Table 3, the reliability for 

some tasks is higher when the preferred hand is assessed while, on others, the reliability 

is higher when the non-preferred hand is assessed.  

 

Table 3. Intra-rater, Inter-rater and Test-Retest Reliability from Largo et al. (2001, 

2002).  

Task Author Intra-rater 

Reliability 

Inter-rater 

Reliability 

Test-retest 

Reliability 

Finger 

sequencing 

Largo et al. (2001) 

Largo et al. (2002) 

.82 

(p)   .84  

(np) .89 

.67 

(p)   .78 

(np) .67 

 

(p)   .42  

(np) .22 

Pegboard Largo et al. (2001) 

Largo et al. (2002) 

.75 

 (p)  .89 

(np) .83 

.57 

(p)   .62 

(np) .70 

 

(p)   .42 

(np) .52 

Walking on 

toes 

Largo et al. (2001) 

Largo et al. (2002) 

.62 

.53 

.53 

.44 

 

.32 

Walking on 

heels 

Largo et al. (2001) 

Largo et al. (2002) 

.82 

.68 

.77 

.60 

 

.61 

Note. (p) = preferred hand, (np) = non-preferred hand 

 

Licari et al. (2006) examined inter-rater reliability and test-retest reliability using five 

AM tasks which are included in the current research project. These tasks include finger 

sequencing, clip pinching, walking on toes, walking on heels and walking with feet 

externally rotated. Inter-rater reliability was obtained by comparing the ratings of two 

separate examiners who rated the performance of two trials of each task by 10 children 

using video footage. A correlation of 0.82 indicated a high level of agreement. Test-

retest reliability was measured by children completing two trials of each task and the 

ratings of trial 1 and trial 2 compared for the main examiner. Test-retest reliability 

ranged from 0.59 to 0.82 on the two contralateral tasks and 0.72 to 0.90 on the three 

bilateral AM tasks, indicating a moderate to high level of test-retest reliability. 
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Connolly and Stratton (1968) investigated inter-rater reliability of 30 examiners who 

judging five children on a variety of tasks, including a clip pinching task similar to that 

included in this study. Their inter-rater reliability correlations for the clip pinching task 

ranged from 0.7 to 1.0 when using the preferred hand, and 0.77 to 1.0 when using the 

non-preferred hand. These correlations are moderate to high for this task. Overall, the 

reliability of the measures detailed in the methodology is moderate to high, which 

suggests that the nature of AM assessment is relatively accurate. 

 

Unfortunately, there is little research showing the validity of AM measures. Instead, 

tasks used to examine AMs are included in a number of assessment protocols used to 

assess for neuromotor dysfunction or delay. Thus, validity is established through the 

ability of the assessments to discriminate between those with neuromotor dysfunction 

and those without. So, it appears that the tasks included in neuromotor assessments are 

valid indicators of dysfunction, but whether the tasks are a valid measure of AMs is 

unknown. There are also some concerns regarding whether or not AMs are a valid 

measure of neuromotor delay, with high levels of variability reported between children 

of the same chronological age when no neuromotor dysfunction is present. Therefore, 

research is needed to further investigate the validity of AMs. 

 

2.7. Associated Movements in Typically Developing Children 

Associated movements were formally identified in the early 1900‟s with researchers 

reporting the presence of uncontrolled movements or the inability to perform tasks 

unilaterally in clinical populations of patients with hemiplegia (Walsh, 1923), Klippel-

Feil syndrome (Bauman, 1932), schizophrenia (Meyer, 1942) and Kallmann‟s syndrome 

(Kallman, Schoenfield & Barrera, 1944). Long before the recognition of AMs in clinical 

populations, it was observed that children often displayed uncontrolled movement 

behaviours which gradually declined with age (Tiedemann, 1787). It was noted in the 

early 1960‟s that the uncontrolled movements displayed by normally developing 

children is similar, but more subtle, to movements seen in clinical populations 

(Abercrombie et al., 1964; Cohen et al., 1967; Fog & Fog, 1963; Zazzo, 1960). Despite 

these subtle differences, the terminology used to describe movements in clinical 

populations was adopted to describe the movements found in normative populations as 

well. 
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Earlier studies investigating AMs in normative populations of children have focussed on 

the decline of AMs with age (see Table 4). These studies have primarily shown 

substantial reduction in AMs between 6 and 9 years of age, with varying rates of decline 

based on task type. Abercrombie et al. (1964) reported that AMs are rarely present in 

children after the age of 10 years. However, later research has shown that AMs can 

persist in normative populations into late childhood and adolescence (Connolly & 

Stratton, 1968; Largo et al., 2001), and can be initiated in adults under special 

conditions (Cernacek, 1961; Liederman & Foley, 1987). There are conflicting findings 

concerning a number of the key research areas such as gender differences, hand 

differences and within-age variability. These areas are discussed in the subsections 

below. 

 

Table 4. Research using Normative Samples 

Author/Year Participants Tasks Results 

Zazzo (1960)  Finger lifting Dramatic decline between 6 and 9 

years. 

Fog & Fog (1963) 265 children aged 

2 to 16 years 

Feet inversion 

Clip pinching 

Steady decline with age. 

Movements still present in 

approximately 1/3 of children at 

age 14-16 on feet inversion, 90% 

children aged 14-16 show 

movements when exerting 

maximal force on the clip pinching 

task. 

Abercrombie et al. 

(1967) 

23 children aged 

~6 years and 22 

children aged ~9 

Finger lifting Considerable difference between 

children aged 6 and 9 years. 

Cohen et al. (1967) 205 children aged 

6 to 16 years 

Repeated finger 

pinch, finger 

sequencing, hand 

squeezing, forearm 

pronation/supination  

Dramatic reduction between 6 and 

9 years of age. Also noted that rate 

of AM decline influenced by 

intelligence. 

Connolly & 

Stratton (1968) 

658 children aged 

4 to 16 years 

Feet inversion, clip 

pinching, finger 

spreading, finger 

lifting 

Steady decrease with age overall. 

Most dramatic decline seen on the 

feet inversion task between 8 and 

13 years, and finger spreading task 

between 9 and 13 years. Clip 

pinching steadily declined with 
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age. Finger lifting least sensitive, 

with the task deemed more 

appropriate for children < 8 years. 

Wolff et al. (1983) 100 children aged 

5 to 6 years with 

each child 

examined 3 times 

with 6 months 

between each 

examination 

Feet inversion, 

eversion, toes and 

heels, finger lifting, 

finger spreading. 

Decline seen on inversion and 

eversion tasks over the 12 month 

period, no differences on other 

bilateral tasks. Significant decline 

lifting 4
th

 digit and spreading 3
rd

-

4
th

 digits, no differences on other 

contralateral tasks. 

Largo et al. (2001) 662 children aged 

5 to 18 years 

Repetitive 

movements of 

fingers, hand and 

feet, 

pronation/supination, 

heel-toe alternation, 

finger sequencing, 

feet inversion, 

eversion, toes and 

heels 

Non-linear developmental course 

which authors attribute to varying 

task complexity. Decrease most 

marked on repetitive movement 

tasks. 

 

2.7.1. Gender Differences 

Studies investigating gender differences in AM expression have shown mixed results. 

Some studies have reported no gender differences (Abercrombie et al., 1967; Cohen et 

al., 1967), while others have reported that females show less frequent and less 

pronounced AMs than males of the same chronological age (Connolly & Stratton, 1968; 

Largo et al., 2001; Liederman & Foley, 1987; Waber et al., 1985). A possible reason 

why females show fewer AMs could be linked to varying maturation rates (Gasser et al., 

2007; Largo et al., 2001), with females  thought to commence maturational changes 

approximately two years before males (Tanner, 1962) possibly enabling them to 

perform complex movement tasks more efficiently than males (Gasser et al., 2007). If 

this is the case then one would expect females to show reduced AMs on all tasks, 

however, most studies have reported that females display reduced AMs on fine motor 

tasks only (Connolly & Stratton, 1968; Largo et al., 2001). Prior experience may 

explain the task specific gender differences, with females more likely to engage in fine 

motor activities during early childhood. However, further research is needed to clarify 

this matter further.  
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2.7.2. Hand differences 

There is some controversy also over the expression of AMs in the preferred and non-

preferred hands on contralateral AM tasks. Some studies have reported no differences in 

contralateral AM occurrence between the preferred and non-preferred active limbs on 

certain AM tasks (Armatas & Summers, 2001; Connolly & Stratton, 1968; Edwards & 

Elliott, 1989; Zazzo, 1960). Others have found more AMs when the non-preferred hand 

performs the intended act and the AMs are assessed in the preferred hand while resting 

(Cohen et al., 1967; Davis, 1942; Liederman & Foley, 1987; Todor & Lazarus, 1986; 

Touwen & Prechtl, 1970; Stern et al., 1976; Wolff et al., 1983). It has also been reported 

that more AMs are present when the preferred hand performs the intended act and AMs 

are assessed in the non-preferred resting hand (Cernacek, 1961). Due to the varying 

roles of the preferred and non-preferred hands, differences are expected between the 

two hands on fine motor AM tasks. Studies have attempted to explain why there are 

hand differences on fine motor AM tasks in relation to force requirement (Armatas et 

al., 1996a; Armatas et al., 1996b; Todor & Lazarus, 1986) and task type (Parlow, 1990). 

 

It is generally agreed that the greater the force requirement of a task, the greater the 

incidence of AMs (Armatas et al., 1996a; Cernacek, 1961; Stern, Gold, Hoine, & 

Barocas, 1976; Todor & Lazarus, 1986). There is controversy as to which hand 

produces the greatest amount of contralateral AMs when it is active and exerting certain 

degrees of force. Cernacek (1961) conducted one of the first studies to examine the 

differences in contralateral AMs between the preferred and non-preferred active hands 

when exerting force. The participants were required to exert maximal forces on a finger 

flexion task, with results showing that the active preferred hand contributed to the 

greatest amount of contralateral AMs.  

 

Researchers have suggested that the results of studies using maximal exertion of forces 

in this manner may be biased if intensity of contraction is not regulated (Armatas et al., 

1996a; Armatas et al., 1996b; Todor & Lazarus, 1986). Therefore, more recent studies 

have examined the relationship between the force of active hand contraction and 

magnitude of observed AMs in the non-active hand (Armatas et al., 1996b; Todor & 

Lazarus, 1986). Todor and Lazarus (1986) used a modified version of Fog and Fog‟s 

(1963) clip-pinching task to investigate differences between hands when participants 

squeezed at 25, 50, 75 and 100 percent of maximal volitional force. Results indicated 

that as the force applied to the clips increased, the number of AMs in the non-active 



23 

 

hand also increased. The most significant contralateral AMs were seen when the non-

preferred hand was active. Armatas et al. (1996a) employed a similar methodology to 

investigate hand differences on a finger flexion task comparable to that used by 

Cernacek (1961), with participants flexing at 25, 50 and 75 percent maximal volitional 

force. The results of this study also revealed more contralateral AMs when the non-

preferred hand was active. 

 

Although most recent research suggests that the non-preferred hand initiates more 

contralateral AMs on tasks that require exertion of force, there is very little understood 

about whether the non-preferred hand initiates increased AMs on other sorts of AM 

tasks. Parlow (1990) studied the influence of task selection on contralateral AMs on two 

rapid repetitive movement tasks (forearm pronation-supination and finger-thumb 

alternation) and four finger displacement movement tasks (2 finger lifting and 2 finger 

spreading). The results revealed that more AMs were evident in the preferred hand 

when the non-preferred hand was active on the rapid repetitive tasks; and the reverse 

was so on finger displacement tasks. This study showed that perhaps the incidence of 

contralateral AMs in the preferred and non-preferred hands may be influenced by the 

requirements of the task selected and more research is needed to confirm this.  

 

2.7.3. Within Age Variability   

Children of the same chronological ages have been found to differ considerably in both 

the frequency and intensity of AMs they possess (Largo et al., 2001; Wolff et al., 1983). 

Wolff et al. (1983) investigated the changes in AMs over a one year period with 

children assessed initially, and after 6 months and 12 months. Over this period, the rate 

and frequency of AMs declined dramatically, but the time and degree to which they 

were reduced was highly variable. This finding agreed with Largo et al. (2001) who 

noted a non-linear developmental course in both duration and degree of AMs. It is 

currently unclear as to why there is so much variability in AMs between children of the 

same chronological ages, with some researchers attributing the variability to differences 

in maturation rates (Largo et al., 2001; Wolff et al., 1983).  

 

Maturation is a broad construct referring to a number of developmental processes 

occurring throughout childhood. Therefore, it is important that the variability be 

attributed to a construct relevant to motor behaviour. One such construct is motor 

ability. Motor ability has been described as a hypothetical construct referring to general 
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traits or capacities of an individual that underlie the performance of movement skills 

(Burton & Miller, 1998; Schmidt, 1975). The capacity for the performance of any motor 

skill is related to many underlying motor abilities such as multi-limb coordination, 

control precision, reaction time, response orientation, strength, flexibility and balance 

(Fleishman, 1964, 1972; Fleishman & Quaintance, 1984). Some researchers believe that 

the development of motor ability is a relatively automatic process driven by growth and 

development that is not modifiable by practice (Magill, 2001; Schmidt and Lee, 1999), 

and other researchers are of the opinion that motor ability can be influenced by both 

heredity and learning (Singer, 1980). While it is beyond the scope of the present thesis 

to provide support for either of these perspectives, the view adopted for the remainder 

of this thesis is that motor ability is a construct influenced by both maturation and 

experience. 

 

Obviously there is expected to be some overlap between AMs and the construct of 

motor ability, with AMs considered to be a factor hampering the efficiency of 

movement (Cratty, 1994; Geuze, 2004; Kuhtz-Buschbeck et al., 2000) and therefore 

reducing motor ability. However, motor ability is a broad construct with a number of 

different individual components (Schmidt & Lee, 2005), and these components may in 

turn influence the expression of AMs and contribute to the variability seen between 

children of the same chronological age. Researchers have attempted to explore how the 

construct of motor ability influences the expression of AMs by investigating the 

relationship between performances on motor ability assessments to performance on AM 

items (Szatmari & Taylor, 1984; Fellick et al., 2001; Licari et al., 2006). 

 

 Szatmari and Taylor (1984) investigated the relationship between AMs and motor 

ability using a modified version of the Fog Test (1963) and a subset of four coordination 

tests adapted from the Gubbay Test of Motor Proficiency (1975). A moderate 

correlation was found (r = 0.55), with children who scored poorly on the movement 

proficiency test displaying significantly more AMs. Fellick et al. (2001) compared the 

relationship between a neurological soft sign protocol developed by Shafer et al. (1986) 

(which included a number of AM assessments) with performance on the Movement 

ABC (Henderson & Sugden, 1992). A low correlation was found (r = 0.36), despite 

children who scored poorly on the Movement ABC performing poorly on the 

neurological soft sign assessment. Licari et al. (2006) compared the relationship 

between the McCarron Assessment of Neuromuscular Development (McCarron, 1982) 
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and AM severity on a five-task AM assessment protocol. A moderate correlation was 

found (r = 0.62) with children who displayed low levels of motor ability recording more 

AMs. Because these correlations are highly variable, the relationship between the two 

constructs is questionable or may reflect methodological issues. 

 

One would expect a moderate correlation to exist between AMs and motor ability, 

particularly when AMs are considered to be a measure of motor behaviour. However, if 

this was the case, the correlations between the two variables should be more consistent. 

The studies mentioned above do have design limitations, such as low sample sizes, 

variable age groups and/or limited assessment protocols. These factors may have 

influenced the findings. In addition, there is evidence to suggest that AM severity may 

be linked to not just motor ability, but also with cognition/intelligence (Fellick et al., 

2001; Wolff et al., 1983), attention (Lazarus, 1994; Lazarus & Todor, 1991; Waber et 

al., 1985) and behaviour (Fellick et al., 2001; Szatmari & Taylor, 1984). It is clear that 

further research is needed to understand how these factors, in particular motor ability, 

influence the expression of AMs.  

 

The aim of the first study in this research project was to investigate the relationship 

between motor ability and AM expression. Hence, the relationship between levels of 

motor ability, assessed by using the McCarron Assessment of Neuromuscular 

Development (McCarron, 1982), and AM severity using an AM assessment protocol 

based on previous research (Fog & Fog, 1963; Largo et al., 2001, 2002; Licari et al., 

2006) was examined in a large sample of children without any neurological, movement 

or behavioural disorders. In addition, the study aimed to extend the current 

understanding of gender and hand differences by exploring these variables in relation to 

task type across the sample. The aim of the second study was to find out whether 

increased severity of AMs for age is only associated with low motor ability, or whether 

a disorder characterised by deficits in attention, influences the severity of expression. 

The following section highlights the necessity for Study 2 by discussing the issue of 

increased AMs and the relevant literature. 
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2.8. Increased Severity of Associated Movements in Children 

The presence of abnormal motor behaviour, such as incoordination, poor motor 

planning, increased AMs, choreiform movements and incomplete manual dominance 

have been considered to be associated with disturbances in neurological functioning 

(Barlow, 1974; Deuel & Robinson, 1987, Holden, Tarnowski & Prinz, 1982; Tupper, 

1987). When these motor behaviours are not related to any fixed or transient 

neurological lesion or disorder they are commonly referred to as neurological soft signs 

or subtle signs (Basu, Ram, Das & Gupta, 2001; Denckla, 1985; Quitkin, Rifkin & 

Klein, 1976; Tupper, 1987). Prior to the diagnosis of many disorders present today, 

children showing abundant neurological soft signs were grouped together into one 

homogeneous category and were given the label minimal brain dysfunction. Clements 

(1966) defined minimal brain dysfunction as: 

 

“Children of near average, average, or above average general intelligence 

with certain learning or behavioural disabilities ranging from mild to 

severe, which are associated with deviations of function of the central 

nervous system. These disabilities may manifest themselves by various 

combinations of impairment in perception, conceptualisation, language, 

memory and control of attention, impulse, or motor function.” 

 

Close to one hundred behavioural characteristics of minimal brain dysfunction have 

been indentified (Clements, 1966), and a large proportion of these are included in 

assessment protocols to identify children suspected as having minimal brain 

dysfunction. Some of these assessments include: Physical and Neurological 

Examination for Soft Signs (Camp, Bialer, Press & Winsberg, 1977), Examination of 

the Child with Minor Neurological Dysfunction (Touwen & Prechtl, 1978), 

Neurological Evaluation Schedule (Hertzig, 1982) and the Neurological Examination 

for Subtle Signs (Denckla, 1985). Over time, minimal brain dysfunction has become a 

„blanket term‟ used to describe children who differed from the norm. As a result, 

children identified as having minimal brain dysfunction were separated into distinct 

types of dysfunctions and disorders based on the type of neurological soft signs 

presented. Many of these recognised dysfunctions and disorders are still diagnosed 

today, including learning difficulties, behavioural disorders, attention deficit disorder 

and developmental coordination disorder. 
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As AMs accompany the performance of movement and decrease with age in normally 

developing children, they are currently considered to be a “developmental motor sign” 

(Deuel & Robinson, 1987). This has lead to their inclusion into a variety of movement 

assessment batteries used to identify motor functioning of children. Some assessments 

include: Lincoln-Oseretsky Motor Development Scale (Sloan, 1955), McCarron 

Assessment of Neuromuscular Development (McCarron, 1982), Movement Assessment 

Battery for Children (Henderson & Sugden, 1992), and the Zurich Neuromotor 

Assessment (Largo et al., 2002). Some of these assessments assess AMs directly 

through the use of AM tasks mentioned previously, while others assess AMs indirectly 

by examining movements that have been described as “exaggerated”, “jerky”, 

“impulsive” or “immature”. These assessment tools can identify children with 

movement difficulties, particularly children without any other diagnosable motor 

impairment. 

 

Despite the use of AMs as an indicator of motor functioning, studies frequently report 

them to be more severe in children with learning difficulties and attention deficit 

disorder (Denckla & Rudel, 1978; Lazarus, 1994; Mostofsky, Newschaffer & Denckla, 

2003), and attribute the increased severity to underlying dysfunctions associated with 

these disorders. If increased AMs are indicative of movement dysfunction, then one 

would suspect that children with learning difficulties and attention deficit disorder 

would not show increased AMs unless they have co-occurring movement dysfunction. 

Unfortunately, studies investigating AMs in populations of children with learning 

difficulties and attention deficit disorder have not measured the motor functioning of 

their participants. Thus, it is unclear whether increased AMs are linked to poor motor 

ability co-occurring in approximately 51% of children with learning difficulties and 

30% to 50% of children with ADHD (Carte, Nigg, & Hinshew, 1996; Dewey & Wilson, 

2001; Kadesjö & Gillberg, 1998; Macnab, Miller & Polatajko, 2001; Pitcher, Piek & 

Hay, 2003; Stegler et al., 2001) or underlying dysfunction specifically related to the 

disorders.  

 

The primary purpose of Study 2 was to investigate this issue by measuring the AMs in 

one of these populations of children, children with attentional difficulties, and finding 

out whether increased AMs is linked to the disorder itself or underlying movement 

dysfunction. This was done by comparing AM severity in children diagnosed with 

attention deficit hyperactivity disorder (ADHD), with children having a movement 
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difficulty referred to as developmental coordination disorder (DCD). In addition, 

children with co-occurring DCD/ADHD and a normative sample were included for 

further comparison. As AMs have long been considered to be a marker of motor 

impairment (Denckla, 1985; Geuze, 2004; Largo et al., 2001; Largo, Fischer & Caflisch, 

2002) and impaired neuromotor functioning is not considered to be a marker of ADHD 

(APA, 1994) it could be hypothesised that: 1) children with movement difficulties 

would display more AMs than children with ADHD; 2) children with ADHD but 

without movement difficulties would display AM levels comparable to a normative 

sample; and 3) children with co-occurring movement difficulties plus ADHD could 

display AM levels comparable to that of children with movement difficulties alone. A 

discussion of the hypothesised dysfunction related to ADHD and DCD is provided 

below, addressing previous links made between each of the disorders and possible links 

between the disorders and increased AMs. 

 

2.8.1. Attention Deficit Hyperactivity Disorder 

Early research of clinical populations of children with intellectual deficits, behavioural 

problems, physical disabilities, communication problems, and learning difficulties have 

reported increased severities of AMs (Abercrombie et al., 1964; Cermak et al., 1991; 

Cohen et al., 1967; Szatmari & Taylor, 1984; Wolff et al., 1983). It has been noted that 

a common characteristic associated with these disorders is attention deficits (Waber et 

al., 1985). As a result, more recent studies have concentrated on investigating AMs in 

children with Attention Deficit Hyperactivity Disorder (ADHD), hypothesising that 

increased AMs reflect deficits in inhibitory control. These studies have reported 

increased severities of AMs for age in children with ADHD when compared with 

normative samples (Denckla & Rudel, 1978; Lazarus, 1994; Lazarus & Todor, 1991; 

Mostofsky et al., 2003).  

 

Attention deficit hyperactivity disorder is a childhood psychiatric condition 

characterised by a variety of behavioural symptoms. For many years, ADHD was 

viewed as comprising three primary symptoms, namely inattention, hyperactivity and 

impulsivity (APA, 1980; Barkley, 1981). More recently, the symptoms of hyperactivity 

and impulsivity have been combined as they both constitute uncontrolled behaviour. 

Now, ADHD is viewed as consisting of only two groupings of behavioural symptoms: 

1) symptoms of inattention and, 2) symptoms of hyperactivity/impulsivity (APA, 1994). 

These two groupings have resulted in the diagnoses of three different sub-types of 
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ADHD: 1) predominantly inattentive type, 2) predominantly hyperactive-impulsive 

type, and 3) combined type (APA, 1994). Research into ADHD has indicated that the 

disorder influences approximately 3-7% of the childhood population (Barkley, 1990; 

Biederman, 1998; Szatmari, 1992), with the proportion of boys much higher than girls, 

with a ratio of 3:1 (Barkley, 1997). 

 

The cause of ADHD might reflect subtle abnormalities in central nervous system 

functioning (Tannock, 1998). Therefore, extensive neurological imaging studies have 

attempted to identify areas of possible central nervous system dysfunction responsible 

for symptomology. Zametkin et al. (1990) used fluoro-2-deoxy-D-glucose photo 

emission computed tomography and reported that adults with ADHD had a lower global 

cerebral glucose metabolism. They also reported lower regional metabolism in the 

dorsal anterior cingulate cortex, pre-motor and somato-sensory areas. This finding has 

been supported by a number of functional magnetic resonance imaging studies that have 

found hypoactivity in the dorsal anterior cingulate cortex during a number of different 

movement tasks such as the stop-signal and motor timing tasks (Rubia et al., 1999), the 

counting stroop task (Bush et al., 1999) and, more recently, the go no-go task (Durston 

et al., 2003; Tamm, Menon, Ringel & Reiss, 2004). The dorsal anterior cingulate cortex 

is believed to play an important role in cognition, attention and motor control (Bush et 

al., 1999; Bush, Valera & Seidman, 2005), which suggests its dysfunction is a possible 

contributor to ADHD symptoms.  

 

A number of other areas of the brain have been also reported to be structurally abnormal 

or dysfunctional in people with ADHD. These include the corpus callosum (Gied et al., 

1994; Hynd et al., 1991), basal ganglia (Casey et al., 1997; Castellanos et al., 1994, 

2001; Filipek, Semrud-Clikeman, Steingrad, Kennedy, & Biederman, 1997) and 

cerebellum (Berquin et al., 1998; Castellanos et al., 2001, 2002; Mostofsky, Reiss, 

Lockhart & Denckla, 1998). These areas of the brain are linked to a variety of different 

functions including interhemispheric communication, cognition, motor control, 

learning, and integration of sensory and motor output. Therefore, dysfunction in these 

areas is likely to contribute to symptoms of ADHD, but also may lead to a number of 

other symptoms not characteristic of the disorder. 

 

Unfortunately, the neurological studies mentioned above have not controlled for other 

possible underlying disorders such as language disorders co-occurring in approximately 
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40% of children with ADHD (Cohen, Barwick, Horodezky, Vallance, & Im, 1998), 

learning difficulties co-occurring in 50% to 70% of children with ADHD (Barry, 

Lyman, & Klinger, 2002; Mayes, Calhoun, & Crowell, 2000; Willcutt, Pennington, 

Olson, Chhabildas, & Hulslander, 2005), and movement disorders co-occurring in 30% 

to 50% of children with ADHD (Carte et al., 1996; Dewey & Wilson, 2001; Kadesjö & 

Gillberg, 1998; Macnab, Miller & Polatajko, 2001; Pitcher, Piek & Hay, 2003; Stegler 

et al., 2001). Perhaps these disorders reflect some form of generalised, heterogenous, 

neurodevelopmental condition (Kaplan et al., 1998), but further research is needed to 

identify which areas of dysfunction in the central nervous system lead to specific 

symptoms and behaviours. As ADHD is characterised by the symptoms of inattention 

and hyperactivity/impulsivity, further research is needed to identify what areas of 

dysfunction within the central nervous system lead to these symptoms. The central 

nervous system is a very complex structure and, even with modern technology, it is 

difficult to make links between underlying dysfunction and associated symptomology. 

 

A number of theories have been put forward to explain possible deficiencies in central 

nervous system functioning causing the specific symptoms of ADHD. These include 

motivational deficits (Glow & Glow, 1979), impairments in self-regulation (Douglas, 

1988), poor stimulus control (Barkley, 1981) and, more recently, poor behavioural 

response inhibition (Barkley, 1990). Poor behavioural response inhibition is the most 

prominent theory explaining symptoms of ADHD today, particularly regarding 

symptoms related to hyperactive-impulsive behaviour. Barkley (1997, page 67) writes: 

 

Behavioural inhibition refers to three interrelated processes: a) inhibition of the 

initial pre-potent response to an event; b) stopping of an on-going response, 

which thereby permits a delay in the decision to respond; and c) the protection 

of this period of delay and the self-directed responses that occur within it from 

disruption by competing events and responses. 

 

Barkley (1997) links behavioural inhibition to 4 executive functions necessary to 

perform goal directed behaviour. These include: 1) working memory, 2) self-regulation, 

3) internalisation of speech and, 4) reconstitution; with each of these executive 

functions having an influence on controlled motor behaviour. It is proposed that a lack 

of behavioural inhibition in ADHD interrupts executive functioning (Barkley, 1997). 

This results in the uncontrolled motor behaviour characteristic of the disorder such as 
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fidgetiness, squirming, impulsive engagement in certain activities when it is 

inappropriate, and excessive talking. Evidence supporting Barkley‟s theory of poor 

behavioural inhibition comes from studies using motor inhibition tasks such as the stop-

signal task (Oosterlaan & Sergeant, 1995; Schachar & Logan, 1990), the delayed 

response task (Sonuga-Barke, Taylor & Hepinstall, 1992; Sonuga-Barke, Taylor, Sembi 

& Smith, 1992), and the go no-go task (Iaboni, Douglas & Baker, 1995; Shue & 

Douglas, 1989). Performance of the above by those with ADHD is much more variable 

than normal. 

 

As mentioned above, research in ADHD suggests that deficits in inhibitory control lead 

to the presence of increased AMs. Therefore, research implies that the deficits in 

inhibitory control which cause hyperactive-impulsive behaviour are the same as deficits 

causing increased AMs. Inhibition is a complex construct and researchers have 

suggested that multiple kinds of inhibitory control exist (Asendorpf, 1990; Dempster, 

1993; Nigg, 2001). Hence, it is doubtful that inhibitory deficits responsible for 

uncontrolled motor behaviour in ADHD are the same as inhibitory deficits causing 

AMs. This in turn, leads to the question as to why children with ADHD have shown 

increased AMs in previous research. 

 

As mentioned, one factor that is sometimes overlooked in ADHD research is the 

presence of co-occurring disorders such as learning difficulties, behavioural disorders 

and movement disorders. This has resulted in a plethora of literature linking various 

constructs to underlying dysfunction and symptomology of ADHD. It has been 

suggested that ADHD, along with a number of other disorders (such as learning 

difficulties and developmental coordination disorder), reflect a generalised, 

heterogenous, neurodevelopmental condition (Kaplan et al., 1998) but, due to the fact 

that each disorder presents separate and distinguishable symptomology, it is unlikely 

that the underlying cause of one disorder is the same as that for another. 

 

As AMs are subconscious motor behaviours, it is probable that increased AMs for age 

are characteristic of poor motor inhibition and possibly reflect underlying movement 

dysfunction or delay. Research investigating motor functioning of children with ADHD 

has reported that approximately 30% to 50% of children have movement difficulties 

meet the required diagnostic criteria for developmental coordination disorder in DSM-

IV (Carte et al., 1996; Dewey & Wilson, 2001; Kadesjö & Gillberg, 1998; Macnab, 
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Miller & Polatajko, 2001; Pitcher, Piek & Hay, 2003; Stegler et al., 2001). Therefore, 

the presence of increased AMs in children with ADHD could specifically be attributed 

to an underlying movement difficulty, developmental coordination disorder (DCD) that 

commonly co-occurs in some children with the disorder. However, further research is 

needed to confirm whether this is so.  

 

2.8.2. Developmental Coordination Disorder 

Developmental coordination disorder is described as impaired performance of 

movement activities substantially below that expected for the child‟s age and 

intelligence (APA, 1994; Polatajko, Fox, & Missiuna, 1995). The disorder is diagnosed 

in the absence of other neurological disorders and pervasive developmental disorder 

(APA, 1994). Prior to the acceptance of the term DCD, a number of different terms 

were used to describe impaired motor performance, including developmental dyspraxia 

(Ayres, 1972), clumsy child syndrome (Gubbay, 1975), perceptuo-motor dysfunction 

(Laszlo, Bairstow, Bartip, & Rolfe, 1988) and movement difficulties (Sugden & Keogh, 

1990). Prior to impaired movement being recognised as an independent disorder, it fell 

under the umbrella term of „minimal brain dysfunction‟.  

 

The incidence of DCD in the general population has been estimated to be between 5% 

and 22% (for review see Cermak, Gubbay, & Larkin, 2002), with the proportion of boys 

higher than girls in a ratio of approximately 3:1 (Bullock & Watter, 1987). The cause of 

DCD is currently unknown, but abnormalities and delays in the development of the 

central nervous system may be the underlying cause. There has been little neurological 

research done which explores the neurological structure and functioning of children 

with DCD. Only one study found to report noticeable abnormalities in children with 

DCD (Mercuri et al., 1996). They noted that the structure of the corpus callosum of 21 

children with movement difficulties had morphological abnormalities. However, the 

study used a sample of children born prematurely, and one might question whether 

movement difficulties in children born full term are similar to those who are not. Due to 

the possible links between neurological dysfunction and DCD, further neurological 

research is needed to identify possible areas of abnormality in structure and function in 

these children. 

 

Children with DCD display considerable movement problems including fine and gross 

motor clumsiness, difficulty performing unilateral and bilateral movements, and 
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difficulty with static and dynamic balance (Gillberg, 1995; Rasmussen, Gillberg, 

Waldenstrom & Svenson, 1983; Touwen, 1979). There are undoubtedly a number of 

reasons why children with DCD display a large array of movement difficulties, but AMs 

are likely to contribute to some of the inefficiency in movement. Despite links being 

made between AMs and motor ability, little research has investigated the incidence and 

severity of AMs in populations of children with DCD. It is important for this research to 

be done in order to identify whether increased AMs are linked to a deficit or delay in the 

development of motor inhibition possibly contributing to the inefficient movement seen 

in children with DCD. 

 

This issue has been touched on briefly by Licari et al. (2006) who investigated AMs in 

children with DCD, co-occurring DCD/ADHD and a normative sample. Children in the 

DCD and DCD/ADHD groups displayed significantly more AMs than children in the 

normative sample, which suggested that increased AMs are linked to poor motor ability. 

There were no reported differences between the DCD and DCD/ADHD group overall 

but, on some AM tasks, children in the DCD/ADHD group displayed more AMs than 

the DCD group. This suggested that the underlying dysfunction in ADHD may impact 

upon the severity of AMs on certain tasks. Due to these unclear findings, coupled with 

low sample sizes, further research is needed to identify whether AMs are the result of 

dysfunction seen in DCD, ADHD, or both disorders. 

 

2.9. Summary of Literature Review 

A number of issues in this review support the need for the research undertaken in this 

project. As mentioned in section 2.7.3, there is considerable variability in AM 

expression between children of the same chronological age in normative populations 

and very little is known as to why. Previous research has suggested that this variability 

could be attributed to different levels of motor ability. Investigations of the relationship 

between AM severity and motor ability have shown inconsistent results and, when 

coupled with reported links between AMs, intelligence, attention and behaviour; has 

lead to the strength of the relationship between AMs and motor ability to be questioned. 

Therefore, the primary purpose of the first study in this research project was to 

investigate the strength of the relationship between AMs and motor ability in a 

normative sample of children aged between 6 and 10 years. 
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Links between AMs and motor ability have also been questioned after studies of clinical 

populations of children with ADHD have revealed increased severities of AMs, with the 

suggestion that increased AMs are related to poor behavioural response inhibition 

reflective of the disorder (Mostofsky et al., 2003). If AMs are a component of motor 

ability then one would expect children with ADHD to not show increased AMs due to 

the fact that a considerable number of children with ADHD do not have movement 

difficulties. Unfortunately, previous studies of AMs in children with ADHD have not 

considered that their subjects could have had co-occurring movement disorders (such as 

DCD). Therefore, it is unclear as to whether the dysfunction causing increased AMs is 

reflective of underlying dysfunction specifically related to symptomology of ADHD. 

Hence, the purpose of the second study in this research was to identify whether 

increased AMs are related to dysfunction specific to ADHD, or dysfunction related to 

movement difficulties. 

 



 

 

 

Chapter 3 

 

Methods and Procedures 
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3.1. Introduction 

The first section of this chapter (3.2.) presents the methodology for Study 1, while the 

second (3.3.) presents the methodology for Study 2. Each section addresses the 

characteristics of the participant group, research procedures, statistical treatment and 

analysis.  

 

3.2. Study 1 

 

3.2.1. Participant Recruitment 

Human rights approval was obtained from the Human Ethics Research Committee at 

The University of Western Australia prior to participant recruitment. Eight schools (6 

metropolitan and 2 rural) were sent information sheets (Appendix 1) outlining the study 

and four schools accepted the invitation to participate (3 metropolitan and 1 rural). 

Children at the schools which accepted the invitation in grade/year 1, 3 and 5 took home 

an information package consisting of a parent information sheet (Appendix 2) and 

consent form (Appendix 3). Of the 290 information packages sent home, 173 were 

returned giving for acceptance rate of 60 per cent. Of the 173 acceptances, 169 children 

completed the assessments. The 4 children who were not assessed were absent from 

school over the assessment period. Four children of the children assessed were excluded 

from the study because they were diagnosed with a movement, learning, attention or 

behavioural difficulty/disorders, and were considered unrepresentative of a normal 

population. 

 

The final sample of 165 children were divided into three groups based on age (6, 8 or 10 

years) and year level at school (grade 1, 3 or 5). Group 1 consisted of 52 children (19 

boys and 33 girls) in grade 1; with a mean age of 6 years and 4 months (SD = 4 

months). Group 2 consisted of 57 children (28 boys and 29 girls) in grade 3; with a 

mean age of 8 years 3 months (SD = 3 months). Group 3 consisted of 56 children (27 

boys and 29 girls) in grade 5; with a mean age of 9 years 11 months (SD = 5 months). 

 

3.2.2. Procedures 

Data were collected at a suitable room at each of the schools. Children were 

individually tested on three different assessments for determining: 1) lateral preference, 
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2) level of motor ability and, (3) severity of AMs. A description of each of the 

assessments is provided below. 

 

3.2.2.1. Lateral Preference Assessment 

Lateral preference was determined using a modified version of Porac and Coren’s 

(1981) Lateral Preference Inventory. Children demonstrated 2 trials of the following 

items: colouring hand, writing hand, throwing hand and toothbrush hand. Full 

descriptions of the tasks are outlined in Table 5 and score sheets are shown in Appendix 

4. The criterion for handedness was the performance of a minimum of 6 out of 8 trials 

using the same hand (Licari et al., 2006. Hand preference was assessed in order to 

determine starting hand on the contralateral AM assessments and to determine hand 

differences on contralateral tasks. 

 

Table 5. Tasks used to determine Lateral Preference 

Task Description of Task 

Colouring hand A coloured marker was placed on a piece of paper in 

front of the child which had two circles drawn on it. The 

child was asked to pick the marker up and colour in one 

of the circles. The marker was then placed down and the 

child was then asked to pick the marker up again and 

colour in a second circle. 

Writing hand A lead pencil was placed on a piece of paper in front of 

the child which had two lines drawn on it. The child was 

asked to pick up the pencil and write their name on a 

line. The pencil was placed back down and the child was 

asked to pick it up again and write their name again on 

the second line. 

Toothbrush hand A toothbrush was placed in front of the child and the 

child was asked to pick the toothbrush up and pretend to 

clean their teeth. This process was then repeated. 

Throwing hand A tennis ball was offered to the child who took it and 

threw it over-arm to the examiner who was positioned 

5m away. This was then repeated. 
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3.2.2.2. Motor Ability Assessment 

Current levels of motor ability were established using the McCarron Assessment of 

Neuromuscular Development (MAND, McCarron, 1982). The MAND involves 

assessment of 10 motor tasks, 5 fine motor and 5 gross motor. The fine motor tasks are 

beads in a box, beads on a rod, finger tapping, nut and bolt, and rod slide; while the 

gross motor tasks are hand strength, finger-nose-finger, jumping, heel-toe walk and 

standing on one foot. Descriptions of the tasks are outlined in Table 6 and score sheets 

are shown in Appendix 5. 

 

Table 6. Tasks in the McCarron Assessment of Neuromuscular Development 

Task Description of Task Measurement 

Beads in box Child has 30s to shift as many beads from 

one box to another. Test is performed 

using both left and right hands separately. 

Quantitative 

Beads on rod Child has 30s to slide as many beads as 

possible onto a metal rod. The test is 

performed with eyes open and closed. 

Quantitative 

Finger tapping Child has 10s to tap the index finger as 

fast as he/she can between a board and 

elastic band. 

Quantitative & 

Qualitative 

Nut & bolt Child twists a bolt through a nut as fast as 

possible. Both a large, and small nut and 

bolt are used.  

Quantitative 

Rod slide Child moves a wooden rod across a metal 

pole as slowly as possible. The child has 

up to 30s to perform the task. 

Quantitative & 

Qualitative 

Hand strength Child squeezes handles of a dynamometer 

as hard as possible. Hand strength is 

measured on both right and left hands. 

Quantitative 

Finger-nose-finger Child moves designated hand out in front 

and, with the opposite hand, touches nose 

to finger 5 times. Task is performed on 

both left and right hands, with eyes open 

and closed. 

Qualitative 
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Jumping Child stands behind a line and jumps 

horizontally forward as far possible. Task 

is performed 3 times with longest jump 

used. 

Quantitative & 

Qualitative 

Heel-toe walk Child walks along a line, heel-toe. Task is 

performed forward and backward. 

Qualitative 

Standing on one foot Child stands on one foot as long as 

possible up to 30s. Task is performed on 

left and right legs, with eyes open and 

closed. 

Quantitative 

 

3.2.2.3. Associated Movement Assessment 

Contralateral and bilateral AMs were assessed using tasks modified from the Zurich 

Neuromotor Assessment (ZNA, Largo et al., 2002), the Fog Test (Fog & Fog, 1963), 

and measures developed by Licari et al. (2006). The AMs displayed on each task were 

measured qualitatively using a modified measurement scale employed by Largo et al. 

(2001, 2002) that rates the different degree of AMs on a 4-point scale: 0 = no 

movement, 1 = barely visible AMs, 2 = moderate AMs and 3 = marked AMs. The tasks 

and scoring protocols are described below in the order that they were performed, with 

fine motor tasks preceding gross motor tasks.  

 

For the fine motor tasks designed to elicit contralateral AMs, the children were seated 

beside the examiner with a desk positioned directly in front. Children were shown how 

to perform the tasks by the examiner and then were asked to perform the tasks until the 

examiner instructed them to “stop”. Children performed 2 trials with both the preferred 

and non-preferred hands, commencing with the preferred hand first and AMs were 

observed in the non-preferred hand. Tasks used to elicit contralateral AMs included: 

 

Task 1: Finger Sequencing. The child was asked to elevate the arms up so the elbows 

were level with the shoulder and the palms of the hands facing forwards (see Figure 4). 

The child then touched each finger onto the thumb (see Figure 5), starting with the 

index finger, as quickly as possible using the preferred hand for at least 5 repetitions. 

The same movements were repeated using the non-preferred hand. The scoring protocol 

for AMs recorded in the inactive hand is shown in Table 7, with two different variations 

of an AM score of 3 (labeled 3a and 3b).
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Figure 4. Starting Position Finger Sequencing Task 

 

 

 

 

   
 

  
 

Figure 5. Finger Sequencing Task using Right Hand 
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Table 7. Scoring for the Finger Sequencing Task 

AM Score Description of AM Picture 

 

 

 

 

 

 

0 
 

 

 

 

 

 

Inactive hand remains stationary. 

 

 
 

 

 

 

 

 

 

1 

 

 

 

 

 

 

Slight movement of one or more 

digits. 

 

 
 

 

 

 

 

 

 

2 

 

 

 

 

 

 

Distinct movement of one or more 

digits, but they do not make 

contact with the thumb or palm of 

the hand. 
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Task 2: Clip Pinching. With the back of the hands resting on the table, a clip was placed 

into the preferred hand and the child squeezed the clip as far open as possible using the 

thumb and index finger (see Figure 6). The same movement was repeated using the non-

preferred hand. The scoring protocol for AMs seen in the inactive hand is shown in 

Table 8, with two different variations of an AM score of 3 (labeled 3a and 3b). 

 

 

 

 
 

Figure 6. Clip Pinching Task 

 

   

 

 

 

 

 

3 (a) 
 

 

 

 

 

 

 

 

 

 

3 (b) 

 

 

 

 

 

Distinct movement of one or more 

digits which clearly makes contact 

with the thumb. 

 

 

 

 

OR 

 

 

 

Distinct movement of one or more 

digits which clearly makes contact 

with the palm of the hand. 
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Table 8. Scoring for the Clip Pinching Task 

AM Score Description of AM Picture 

 

 

 

 

 

0 
 

 

 

 

 

Inactive hand remains 

stationary. 

 

 

 
 

 

 

 

 

1 

 

 

 

 

Slight movement of one or 

more digits. 

 

 
 

 

 

 

 

2 

 

 

 

 

Distinct movement of one or 

more digits, but they do not 

make contact with the thumb 

or palm of the hand. 

 

 
 

 

 

 

 

 

3 (a) 
 

 

 

 

 

 

 

 

 

 

 

 

Distinct movement of one or 

more digits which clearly 

makes contact with the thumb. 

 

 

 

 

OR 
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Task 3: Peg Board. A board was placed on the desk in front of the child. The examiner 

moved the child’s non-active hand into the correct starting position (shown in Figure 7) 

and placed it in the appropriate pegboard circle. The child was to keep the hand in that 

exact position throughout the movement about to be performed. The yellow pegs were 

then placed into the opposite pegboard circle. The child then picked up the yellow pegs 

one at a time by using the hand that was not in the circle, and place them into the holes 

as fast as they could (shown in Figure 8). The examiner qualitatively recorded the 

severity of AMs and also how long it took the child to place all of the pegs into the 

holes. The same movement was repeated using the non-preferred hand as the active 

hand. The scoring protocol for AMs seen in the inactive hand is shown in Table 9, with 

two different variations of an AM score of 1, 2 and 3 (labeled a and b for each). 

 

 

 
 

Figure 7. Starting position for non-active hand 

 

 

 

 

3 (b) 

 

 

 

 

 

 

 

Distinct movement of one or 

more digits which clearly 

makes contact with the palm of 

the hand. 
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Figure 8. The Pegboard Task 

 

 

Table 9. Scoring for the Pegboard Task 

AM Score Description of AM Picture 

 

 

 

 

 

0 
 

 

 

 

 

Inactive hand remains stationary. 

 

 
 

 

 

 

 

1(a) 
 

 

 

 

 

 

 

 

 

 

1(b) 

 

 

 

 

Slight flexion movement of one or 

more digits. 

 

 

 

 

 

OR 

 

 

 

 

Slight extension movement of one 

or more digits.  

 

 
 

 

 

 
 

 

 



45 

 

 

For the gross motor tasks designed to elicit bilateral AMs, the children stood behind a 

floor marker facing a second floor marker positioned 5m away. Children were shown 

how to perform the task by the examiner and then repeated slowly what they had been 

shown towards the second marker. Each child performed two trials of each task. Tasks 

used to elicit bilateral AMs included: 

 

Task 4: Walking on Toes. The children were instructed to walk slowly on the balls of 

their feet towards the second marker while keeping their arms relaxed and by their sides 

 

 

 

 

2(a) 
 

 

 

 

 

 

 

2(b) 

 

 

 

 

 

Distinct flexion movement of one 

or more digits, however, they do 

not make contact with the thumb 

or palm of the hand. 

 

OR 

 

 

Distinct extension movement of 

one or more digits, however, the 

wrist does not fully supinate. 

 

 
 

 
 

 

 

 

 

3 (a) 
 

 

 

 

 

 

 

3 (b) 

 

 

 

 

 

 

 

 

Distinct flexion movement of one 

or more digits which clearly makes 

contact with the thumb. 

 

 

OR 

 

 

Distinct extension movement of 

one or more digits with full 

supination of the wrist. 
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(as seen in Figure 9). The scoring protocol for AMs seen in the arms and hands is shown 

in Table 10. 

 

 
 

Figure 9. Starting Position for Walking on Toes Task 

 

 

 

Table 10. Scoring for the Walking on Toes Task 

AM Score Description of AM Picture 

 

 

 

 

 

 

 

0 
 

 

 

 

 

 

 

 

Arms/hands remain relaxed by sides. 

 

 
 

 

 

 

 

 

1 

 

 

 

 

 

 

Arms/hands internally rotate with 

slight shoulder extension. 
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Task 5: Walking on Heels. The children were instructed to walk slowly on their heels 

towards the second marker while keeping their arms relaxed and by their sides. The 

scoring protocol for AMs seen in the arms and hands is shown in Table 11. 

 

Table 11. Scoring for the Walking on Heels Task 

 

 

 

 

 

 

 

2 

 

 

 

 

 

 

Arms/hands internally rotate with mild 

shoulder extension. 

 

 
 

 

 

 

 

 

3 
 

 

 

 

 

 

 

 

 

 

Arms internally rotate with marked 

shoulder extension. 

 

   
 

AM Score Description of AM Picture 

 

 

 

 

 

 

0 
 

 

 

 

 

 

Arms/hands remain relaxed by sides. 
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Task 6: Walking with Feet Externally Rotated. The children were instructed to walk 

with their feet externally rotated (as seen in Figure 10) toward the second marker while 

keeping their arms relaxed by their sides. The scoring protocol for AMs seen in the arms 

and hands is shown in Table 12. 

 

 

 

 

 

 

 

1 

 

 

 

 

 

 

Wrists partially extend with slight elbow 

flexion. 

 

 

 
 

 

 

 

 

 

 

 

2 

 

 

 

 

 

 

Distinct extension of wrists and distinct 

flexion of elbows. 

 

 

 
 

 

 

 

 

 

 

3 
 

 

 

 

 

 

 

 

 

 

Wrists fully extend, significant flexion 

of elbow, and shoulders may also flex. 
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Figure 10. Starting Position Walking with Feet Externally Rotated 

 

 

 

Table 12. Scoring for the Walking with Feet Externally Rotated Task 

AM Score Description of AM Picture 

 

 

 

 

 

 

0 
 

 

 

 

 

 

Arms/hands remain relaxed by sides. 

 

 
 

 

 

 

 

 

 

1 

 

 

 

 

 

 

Arms partially externally rotate. 
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3.2.3. Statistical Treatment 

Scores were generated from the raw data collected via the MAND and AM assessments 

in order to answer the research questions. These scores included a motor ability score 

(referred to as the Neuromuscular Developmental Index), AM task scores and an overall 

AM score (referred to as the AM Rasch Score). The calculation of these scores is 

outlined below. 

 

3.2.3.1. Calculation of Neuromuscular Developmental Index Score  

A Neuromuscular Developmental Index score (NDI) was calculated for each child using 

the protocol outlined by McCarron (1982). The raw score for each task was converted 

into an age adjusted standard score (see Appendix 7 for conversion tables) which was 

then summed and converted into an NDI (see Appendix 8 for NDI conversion table). 

The NDI score establishes the current level of motor ability and a NDI score of more 

than one standard deviation above or below the mean (M = 100) is used to identify 

children with high or low levels of motor ability. The NDI score determined by the 

MAND has been established as a reliable (McCarron, 1982) and valid (Tan, Parker & 

 

 

 

 

 

2 

 

 

 

 

 

Arms fully externally rotate (palms 

facing forward) and there may be slight 

flexion of the elbows. 

 

 
 

 

 

 

 

3 
 

 

 

 

 

 

 

 

Arms fully externally rotate (palms 

facing forwards) and marked extension 

of the elbows. 
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Larkin, 2001) measure of motor ability in children when compared to other movement 

assessments.  

 

3.2.3.2. Calculation of Associated Movement Task Scores 

An AM task score was created for each child by averaging the two trials obtained for 

each item. It was deemed appropriate to average the two trials from each task based on 

moderate to high test-retest correlations obtained. These correlations will be discussed 

in some detail later, with test-retest reliability values shown in Table 13 (p. 74). 

 

3.2.3.3. Calculation of Associated Movement Rasch Score 

The raw AM data were entered into the Rasch Unidimensional Measurement Model 

(RUMM) 2020 program (Andrich et al., 2004). The data fit the model, and person and 

item location estimates were obtained. A person location estimate is a number 

calculated based on an individual’s performance on the task items, and therefore 

constitutes a total score or a score representative of the individual’s performance on all 

of the task items. Figure 11 demonstrates how a person location estimate was obtained 

for each participant, with AM frequency scores plotted for the entire population for each 

task shown in the blue, red, green and purple colour coded bars. The scores for 

participant 1 are plotted on the item map with the score for each task trial represented 

by the symbol ¶. The person location estimate for this subject is represented by the 

black line running vertically through the map at location -0.17. The grey bars either side 

of the person location estimate line are standard error bars. 

 

 

Figure 11. RUMM 2020 Person Location Estimate Example 
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At the bottom of Figure 11 the logit scale is shown, which ranges from -11 to +10. A 

score of 0 represents the midpoint of the scale, or middle score. Scores lower than 0 

(negative scores) represent lower or less severe AM scores, while scores greater than 0 

(positive scores) represent higher or more severe AM scores. Once the RUMM analysis 

was completed, each child had a person location estimate which represented the 

performance for all of the task items. Instead of referring to this score as the “total 

score”, it will be referred to as the “Rasch AM Score”.  

 

Rasch analysis is a complex mathematical process of which the detail is beyond the 

scope of this thesis. The value of this measurement tool is well recognised and some 

advantages include: 1) the construction of a unidimensional trait line in which a 

common metric is employed, 2) the units of measurement are additive and constitutes an 

interval scale, 3) the model can construct meaningful total scores, and 4) construct 

validity is demonstrated when the data fit the model (Andrich, 1978, 1988; Rasch, 1961; 

Wright & Stone, 1979). A detailed theoretical outline of Rasch modeling and its 

application to behavioural science can be found in a variety of textbooks (see Bond & 

Fox, 2001; Smith & Smith, 2004). 

 

3.2.4. Statistical Analyses 

The NDI scores, AM task scores and Rasch AM scores were analysed using SPSS 

version 14.0. Descriptive statistics (Q-Q plots), along with relevant normality and 

homogeneity tests, were used to confirm that the data did not violate any assumptions 

for analysis using parametric statistical procedures. These observations and tests 

confirmed that the data met all the necessary statistical assumptions to enable the use of 

parametric statistical procedures.  

 

Chapter 4, which discusses interactions between AMs, motor ability, age and gender, 

involves a number of analyses. These include: 1) a Pearson Product correlation to 

determine the relationship between the Rasch AM scores and motor ability (NDI 

scores), 2) two-way analysis of variance with Fischer’s LSD to understand how age and 

gender impact upon the Rasch AM scores and, 3) a linear regression was administered 

to understand how all of these variables (age, gender and motor ability) interact with the 

Rasch AM score. Chapter 5, which discusses AM task differences, involved a two-way 

multivariate analysis of variance (MANOVA) with Fischer’s LSD to understand how 

age and gender influence the expression of AMs on each task. Paired samples t-tests 
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were used to investigate whether the preferred or non-preferred active hand initiates 

more AMs. Chapter 6, which discusses how the Rasch Measurement Model can be 

applied to the measurement of AMs involved a variety of analytical procedures from the 

RUMM 2020 program. 

 

3.2.5. Reliability and Validity of Measures 

Inter-rater reliability has been previously assessed by the author (Licari et al., 2006) 

with a high rate of agreement achieved (82% agreement rate). In the present study, 

Cronbach’s Alpha correlations were used to measure test-retest reliability on each of the 

tasks (trial 1 vs. trial 2). These correlations are presented in Chapter 5 (Table 13, p. 74). 

Construct validity was established using the Rasch measurement model. Construct 

validity is inherent when the data fit the Rasch model in that unidimensionality is a 

requirement of the measurement model (Bond & Fox, 2001). Chapter 6 demonstrates 

the unidimensionality of the data, thus demonstrating construct validity.  

 

3.3. Study 2 

 

3.3.1. Participant Recruitment 

Human rights approval was obtained from the Human Ethics Research Committee at 

The University of Western Australia prior to participant recruitment for this study. Two 

clinics were approached who agreed to be involved in recruiting the participants needed 

for the clinical groups in this study. The first clinic specialised in the diagnosis and 

treatment of ADHD. The second clinic specialised in the treatment of movement 

difficulties of children diagnosed with a variety of movement disorders, including DCD. 

Children attending these clinics who were male aged 6 to 8 years with only a diagnosis 

of DCD, ADHD-C (combined type), or co-occurring DCD and ADHD-C from a 

Pediatrician or Clinical Psychologist were sent an information sheet (Appendix 9) 

outlining the study and a consent form (Appendix 10). A total of 45 children met the 

diagnostic criteria and 36 consent forms were returned, giving an acceptance rate of 80 

per cent. Males were selected for inclusion in this study to control for reported 

differences that exist in maturation rates between males and females (Waber et al., 

1985), and to account for the higher incidence of males with DCD, ADHD and co-

occurring DCD/ADHD (Bullock & Watter, 1987; Kadesjö & Gillberg, 1998). 
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The clinical sample of 36 children were divided into groups based on the diagnosis. 

Group 1 consisted of 13 children with DCD with a mean age of 7 years 3 months (SD = 

9 months). Group 2 comprised of 13 children with ADHD with a mean age of 7 years 4 

months (SD = 11 months). Group 3 included 10 children with co-occurring DCD and 

ADHD with a mean age of 7 years 4 months (SD = 10 months). To ensure that children 

in the clinical groups met their diagnoses, each child’s motor ability was assessed and 

an ADHD questionnaire was completed by parents. All 36 children met the criteria from 

these assessments for their diagnosis. In addition to the clinical groups, a fourth group 

of children were included in this study. Group 4 was a control group of 15 typically 

developing children randomly selected from an age and gender matched sample 

obtained from Study 1. This group had a mean age of 7 years 3 months (SD = 11 

months). 

 

3.3.2. Procedures 

Prior to the assessments, any children on stimulant medication were unmedicated for at 

least 24 hours before testing to avoid any influence on performance. Children in the 

clinical groups underwent the same testing procedures outlined in Study 1 to measure 

lateral preference, motor ability and AMs (refer to Study 1 procedures). Children in the 

clinical groups were required to meet specific movement criteria for the motor ability 

assessment, and these criteria are discussed in section 3.3.2.1. In addition to these 

assessments, parents of the clinical groups completed the Swanson, Nolan and Pelham 

(1992) ADHD questionnaire (SNAP-IV) to ensure that children in the clinical groups 

met specific ADHD diagnostic criteria. These criteria are discussed in section 3.3.2.2. 

As mentioned, the normative sample was obtained from Study 1, and therefore the 

ADHD questionnaire was not completed by this group.  

 

3.3.2.1. Motor Ability Assessment 

The children involved in this study were required to meet specific NDI cut-off scores to 

ensure that they met the movement criteria for their group. The ADHD and control 

groups required an NDI score above 90 to indicate that they had no movement 

difficulties. The DCD and DCD/ADHD groups required an NDI score below 85 to 

demonstrate that they had movement difficulties.  
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3.3.2.2. Attention Deficit Hyperactivity Disorder Questionnaire 

The SNAP-IV questionnaire (Swanson, 1992) is a questionnaire divided into four 

subscales. The parents of the clinical groups completed the first two subscales for this 

study (see Appendix 11): 1) inattention subscale (items 1-9) and, 2) 

hyperactivity/impulsivity subscale (items 11-19). Parents rated their child on a 4-point 

scale ranked 0 (not at all), 1 (just a little), 2 (pretty much) and, 3 (very much). Reponses 

were averaged for each subscale and 5% cut-off scores were used to determine whether 

or not a child had difficulties in each of the areas (Swanson, 1992). For the inattention 

subscale, the mean cut-off score was 1.78. Therefore, children in the DCD group 

required a mean below 1.78, and children in the ADHD and DCD/ADHD groups 

required a mean of 1.78 or greater. For the hyperactivity/impulsivity subscale, the mean 

cut-off score was 1.44. Therefore, children in the DCD group required a score below 

1.44, while the children in the ADHD and DCD/ADHD groups required a score above 

1.44.  

 

3.3.3. Statistical Treatment and Analyses 

The AM data collected from this study were entered into the RUMM 2020 program. 

Person location estimates (Rasch AM scores) were created for each child based on the 

normative population threshold map obtained from Study 1. The Rasch AM scores, 

motor ability scores (NDI scores) and SNAP-IV subscale scores were entered into SPSS 

version 14.0. Descriptive statistics (Q-Q plots), along with relevant normality and 

homogeneity tests were used to confirm that the data did not violate any assumptions for 

analysis using parametric statistical procedures. As the data met all the necessary 

assumptions, parametric statistical procedures were used. To explore the differences 

between groups on each of the assessment variables (Rasch AM scores, NDI scores and 

SNAP-IV subscale scores) one-way, between-groups ANOVAs were performed with 

Fischer’s LSD comparisons to identify where the differences existed. Pearson 

correlation coefficients explored the relationships between Rasch AM scores and NDI 

scores, and Rasch AM scores and the SNAP-IV subscale scores.  

 



 

 

 

Chapter 4 

 

Associated Movements: The Influence of Motor 

Ability, Age and Gender 
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4.1. Introduction 

Associated movements (AMs) have been identified as normal developmental phenomena 

occurring during early and middle childhood (Wolff et al., 1983). These additional 

movements typically are present in parts of the body not actively involved in the 

performance of motor skills and are considered to be under involuntary control (Armatas 

et al., 1996a; Cohen et al., 1991; Geuze, 2004; Hoy et al., 2004). Although the 

hypothesised neurophysiological mechanisms underlying AMs are controversial, 

behavioural level research into AMs has established that several changes during middle 

childhood could contribute to a better understanding of neuromotor development. For 

example, there is a marked reduction in the incidence and severity of AMs between 6 and 

9 years of age (Abercrombie et al., 1967; Cohen et al., 1967; Zazzo, 1960). The reduction 

in AMs across ages varies with gender (Largo et al., 2001) and differs considerably 

between children of the same chronological age (Wolff et al., 1983; Largo et al., 2001). 

Some researchers have pointed to the possible contribution of motor ability, a general 

trait considered to underlie movement skill performance (Burton & Rodgerson, 2001), to 

explain variability in AM expression between children of the same chronological age 

(Wolff et al., 1983; Largo & Caflisch, 2001; Largo et al., 2003), but few researchers have 

explored this notion in any depth. 

 

Those examining the relationship between motor ability and AM expression have 

reported correlations ranging from low (Fellick et al., 2001) to moderate (Licari et al., 

2006; Szatmari & Taylor, 1984). These studies have used varying motor ability 

assessments with different age standardisations ranging from 6 months (Licari et al., 

2006) to 2 years (Fellick et al., 2001). Studies have also used different AM assessment 

procedures, with some studies using limited AM measures (Fellick et al., 2001; Szatmari 

& Taylor, 1984). These studies have used children from a variety of different 

populations, some clinical and others typically developing. Due to these variations in 

assessment protocols, the relationship between motor ability and AM expression is 

unclear.  
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Therefore, this study sought to determine the strength of relationship between motor 

ability and AM expression using a large clearly defined sample of typically developing 

children from three different age groups. It was hypothesised that motor ability would 

significantly contribute to the variability in AM expression between children of the same 

chronological age, with children with low levels of motor ability displaying more AMs 

than children with increased motor ability. Age and gender differences were also 

investigated to see the contribution that these two variables have on AM expression. In 

line with earlier research, it was hypothesised that AM expression would decrease with 

age, and that boys would show more AMs than girls.  

 

The McCarron Assessment of Neuromuscular Development (MAND) (McCarron, 1982) 

was selected as a measure of motor ability in this study. It has been established as a valid 

(Tan et al., 2001) and reliable measure of motor ability (McCarron, 1982), and covers a 

wide range of motor tasks. In the assessment, both fine and gross motor tasks are 

considered in the measurement of motor ability. Thus, it is particularly relevant when 

comparing it to AM assessment protocols, as they too, typically use a combination of fine 

and gross motor tasks. The MAND also controls for age by providing normative values 

every 6 months for children aged 3 to 11 years. Hence, the motor ability assessment takes 

into account small changes with maturation. 

 

The AM assessment in this study involved selection of tasks from The Fog Test (Fog & 

Fog, 1963), The Zurich Neurmotor Assessment (ZNA) (Largo et al., 2001) and from 

previous measures developed by the author (Licari et al., 2006). The selected tasks 

allowed for the initiation of two types of AMs that have initiated a considerable amount 

of AMs in previous research: 1. contralateral and, 2. bilateral. Contralateral AMs have 

been described as unintended movements occurring in the non-active limb while the 

opposite limb performs a voluntary action (Cernacek, 1961). The unintended movement 

that occurs in the non-active limb can either replicate or partially replicate the movements 

of the active limb. Contralateral AMs are primarily initiated on tasks that are fine motor 

in nature. Bilateral AMs have been described as involuntary movements in the upper 

extremities while the lower extremities perform specific movements (Fog & Fog, 1963). 
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Various gross motor gaits are used to initiate bilateral AMs and these tasks are repetitive 

in nature (Fog & Fog, 1963; Largo et al., 2001; Largo et al., 2002; Wolff et al., 1983).  

 

4.2. Method 

 

4.2.1. Participants 

The study participants were 165 children with no diagnosed motor, learning, attention or 

behavioural difficulties/disorders. The children were divided into three groups based on 

year levels at school. Group 1 consisted of 52 children (19 boys and 33 girls) in school 

year 1 with a mean age of 6 years and 4 months (SD = 4 months). Group 2 consisted of 

57 children (28 boys and 29 girls) in school year 3 with a mean age of 8 years 3 months 

(SD = 3 months). Group 3 consisted of 56 children (27 boys and 29 girls) in school year 5 

with a mean age of 9 years 11 months (SD = 5 months). Prior to data collection, clearance 

was obtained from The University of Western Australia Human Ethics Committee and 

parental consent was obtained for all participants. 

 

4.2.2. Procedures 

Data were collected in a suitable room at each school. Children were tested individually 

on Porac & Coren’s (1981) Lateral Preference Inventory to determine hand preference. 

This was followed by the assessment of motor ability using the MAND (McCarron, 

1982). Finally, contralateral and bilateral AMs were assessed. A brief description of each 

of the assessments is provided below and a more detailed description is available in 

Chapter 3. 

 

4.2.2.1. Assessment of Lateral Preference 

A modified version of Porac and Coren’s (1981) Lateral Preference Inventory was 

completed. Children demonstrated two trials of the following items: colouring hand, 

writing hand, throwing hand and toothbrush hand. The criterion for handedness was the 

performance of a minimum of 6 out of 8 trials using the same hand (Licari et al., 2006). 
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Hand preference was assessed in order to determine starting hand on the contralateral 

AM tasks.  

4.2.2.2. Assessment of Motor Ability 

The MAND is a standardised assessment providing normative values at 6 monthly age 

increments. It involves assessment of 10 motor tasks, 5 fine motor and 5 gross motor. The 

fine motor tasks are beads in a box, beads on a rod, finger tapping, nut and bolt, and rod 

slide; while the gross motor tasks are hand strength, finger-nose-finger, jumping, heel-toe 

walk and standing on one foot. From each task, a raw score is converted to a standard 

score (see Appendix 7), and these are summed and converted into a Neuromuscular 

Developmental Index (NDI) (see Appendix 8). The NDI score establishes the current 

level of motor ability. An NDI score of more than one standard deviation above or below 

the mean (M = 100) categorises children with high or low levels of motor ability 

(McCarron, 1982).  

 

4.2.2.3. Assessment of Associated Movements 

As mentioned, contralateral and bilateral AMs were assessed using a modified version of 

the ZNA (Largo et al., 2002), the Fog Test (Fog & Fog, 1963), and measures developed 

by Licari et al. (2006). Associated movements were measured qualitatively using a scale 

employed by Largo et al. (2001, 2002), with AMs rated on a 4-point scale: 0 = no 

movement, 1 = barely visible AMs, 2 = moderate AMs and, 3 = marked AMs. The tasks 

are described in the order of performance with the fine motor tasks preceding gross motor 

tasks. For the fine motor tasks, designed to elicit contralateral AMs, the children were 

seated beside the examiner with a desk positioned directly in front. Children were shown 

how to perform each task by the examiner and then performed the task until the examiner 

instructed them to “stop”. Each child performed two trials by both the preferred and non-

preferred hands. The preferred hand was used to perform the task first and AMs were 

observed in the non-preferred hand. Tasks used to elicit contralateral AMs included: 

 

Task 1: Finger Sequencing. Each child lifted their arms up with the elbows bent 

such that the elbows were at shoulder height, forearms vertical and the palms of 
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the hands facing forward. The child then touched each finger onto the thumb as 

quickly as possible, starting with the index finger, for five repetitions.  

 

Task 2: Clip Pinching. With the back of the hands resting on the table, the child  

squeezed the clip open as far open as possible by using the thumb and index 

finger. 

 

Task 3: Peg Board. A board was placed on the desk in front of the child. The 

examiner moved the child’s non-active hand into the correct starting position and 

placed it in the appropriate pegboard circle. The child kept the hand in that exact 

position throughout the movement he/she was about to perform. The child then 

picked up pegs one at a time from the opposite pegboard circle by using the active 

hand and placed them into the holes as fast as possible. The examiner recorded 

the level of AMs and the time it took to complete the task. The same movement 

was repeated using the non-preferred hand as the active hand. 

 

For the gross motor tasks designed to elicit bilateral AMs, each child stood behind a floor 

marker facing a second floor marker positioned 5m away. Each child was shown how to 

perform the task by the examiner and then walked towards the second marker in the same 

way as the examiner. Each child performed two trials of each task. Tasks used to elicit 

bilateral AMs included: 

 

Task 4: Walking on Toes. The child walked on the balls of the feet slowly towards 

the second marker while keeping the arms relaxed by the sides.  

 

Task 5: Walking on Heels. The child walked on the heels slowly toward the 

second marker while keeping the arms relaxed and by the sides. 

 

Task 6: Walking with Feet Externally Rotated. The child walked with the feet 

externally rotated toward the second marker while keeping the arms relaxed by 

the sides. 
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All AM data were entered into the Rasch Unidimensional Measurement Model (RUMM) 

2020 program (Andrich et al., 2004) to create person location estimates. A person 

location estimate is a number calculated from an individual’s performance on each of the 

task items in relation to a logit scale based on a population sample, and it is a more 

sophisticated and ethical way of creating a total score (Bond & Fox, 2001). As mentioned 

in Chapter 3, this score will be referred to as the Rasch AM score.  

 

4.2.3. Statistical Treatment and Analysis 

Data were analysed using SPSS version 14.0. Descriptive statistics and the Shapiro-

Wilkes test of normality and Levene’s test for homogeneity were used to explore both 

motor ability and AM data. Once normality and homogeneity of the data was established, 

relevant parametric statistics were applied to explore each of the hypotheses. General 

Linear Model (GLM) ANOVAs with Fischer’s LSD were used to explore the influence 

of age (based on school year) and gender on the Rasch AM scores. A Pearson product 

moment correlation was used to determine the strength of relationship between the motor 

ability (NDI scores) and Rasch AM scores. Linear regression was used to explore how 

age, gender and motor ability interact with the Rasch AM score. 

 

4.3. Results 

 

4.3.1. Current Level of Motor Ability (NDI Scores) 

The GLM ANOVA showed a significant effect of gender (F = 6.55, p = 0.011) where 

girls had a higher mean NDI than boys (M = 111; SD =14.4; M = 105.1; SD = 17.3; 

respectively).  There were no significant group (p = 0.378) or interaction effects (p = 

0.553). Children in year 1 had a mean NDI score of 106.7 (SD = 17.4), children in year 3 

had a mean NDI score of 109.9 (SD = 14.9), and children in year 5 had a mean NDI score 

of 108.3 (SD = 15.9). Motor ability scores are presented below in Figure 12. 
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Figure 12. Motor Ability Scores across Groups and between Genders 

 

4.3.2. Associated Movements 

The results of the Group x Gender GLM ANOVA showed a significant reduction of AMs 

by year (F = 76.2, p < 0.001). The change in Rasch AM scores by class level is presented 

in Figure 13. As can be seen in Figure 14, there was a significant gender difference in 

Rasch AM scores (F = 24.3, p = < 0.001) with males showing higher levels of AMs than 

females within age groups. There was no significant interaction between year and gender 

(F = 0.78, p = 0.46). 

 

Figure 13. Change in Rasch AM Score with Age 
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Figure 14. Rasch AM Scores across Groups and between Genders 

 

4.3.3. Relationship between Motor Ability and Rasch AM Scores 

The Pearson correlation coefficient between the Rasch AM scores and the MAND NDI 

motor ability scores, controlling for age and gender, was r = - 0.63, p < 0.001. This 

correlation indicates a moderate relationship between motor ability an AM expression. 

The relationship between motor ability scores and Rasch AM scores is plotted in Figure 

15. 
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Figure 15. Relationship between NDI and Rasch AM Scores 
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To explore the interactions between motor ability, age and gender on AM expression, a 

regression model was performed. The model indicated that a combination of motor 

ability, group and gender explains 70.2% of the variance in the Rasch AM scores. Age in 

months was the best individual predictor in this normal population, explaining 40% of the 

variance.  Motor ability was also a significant contributor to the model and explained 

30% of the variance. Gender made a small but significant contribution to explaining the 

variance in the Rasch AM scores.  

 

4.4. Discussion 

This study has demonstrated that differences in the expression of AMs between children 

partially reflect differences in motor ability by showing a moderate relationship between 

the two variables. Children with low levels of motor ability displayed more severe AMs 

than children with high levels of motor ability, and vice versa. In addition, this study 

supports and extends earlier research (Cohen et al., 1967; Connolly & Stratton, 1968; 

Largo et al., 2001; Wolff et al., 1983) showing that AMs decrease steadily with age, and 

that males have higher levels of AMs than females. The following section discusses the 

results further in relation to previous findings. 

 

4.4.1. Motor Ability Scores and Rasch Associated Movement Scores 

Several studies have investigated AMs using normal populations and have found 

differences in AM expression between children of the same chronological age (Denckla, 

1985; Wolff et al., 1983; Largo et al., 2001). It was suggested by Wolff et al. (1983) that 

differences within age groups may reflect developmental age. But, because AMs are 

activated by the motor system it would be fair to say that they reflect the developmental 

age of the motor system. Therefore, in order to clearly explore whether AMs reflect the 

developmental age or functioning of the motor system, it must be measured; and its 

relationship with the level of AMs displayed by an individual must be investigated. Only 

a few studies have explored this relationship (Fellick et al., 2001; Licari et al., 2006; 

Szatmari & Taylor, 1984).  
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Szatmari and Taylor (1984) found a moderate relationship between motor ability and 

AMs (r = .55) using a modified version of the Gubbay Test of Motor Proficiency and a 

modified version of the Fog Test (Fog & Fog, 1963). Fellick et al. (2001) found a low 

relationship between motor ability and AMs (r = 0.36) using the Movement ABC test and 

a modified AM assessment protocol devised by Shafer et al. (1986). Finally, Licari et al. 

(2006) found a moderate relationship (r = -.62) using the MAND (McCarron, 1982) and 

an AM assessment protocol derived from the Fog Test (Fog & Fog, 1963) and the Zurich 

Neuromotor Assessment (Largo et al., 2002). As mentioned, these studies have 

methodological issues which may have contributed to the equivocal findings and as a 

result, further research was needed to explore the relationship between the two constructs. 

 

The present study provides a clearer relationship between these two variables by using: 1. 

a large sample of children with no diagnosed conditions, 2. a test battery with finer 

grained age standardisation (6 monthly intervals) to measure motor ability, and 3. an 

extensive AM assessment protocol in which a number of different task were 

incorporated. The results of the regression model indicate the importance of age but also 

emphasise the importance of motor ability. This relationship, along with the moderate 

correlation between the Rasch AM scores and NDI scores (r = - 0.63), suggests that AMs 

substantially influenced by the level of motor functioning in children and further explains 

the variability between children, particularly the variability between children of the same 

chronological age.  

 

Previous studies have explored AMs in clinical populations of children with various 

developmental disorders, such as ADHD and learning difficulties (Cermak et al., 1991; 

Denckla & Rudel, 1978; Lazarus, 1994; Mostofsky et al., 2003). These studies found that 

children with attention and learning difficulties showed increased AMs when compared 

with children without these disorders. It is well reported that a large number of children 

with attention (Kadesjo & Gillberg, 1998; Kaplan et al., 1998) and learning difficulties 

(Fawcett & Nicolson, 1995; Jongmans et al., 2003) also have low motor ability. 

Therefore, the increased AMs reported in these populations may potentially reflect low 
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motor ability more so than other aspects of these disorders. However, because motor 

ability was not measured in these studies, this issue remains unclear. 

 

4.4.2. Associated Movements – Age and Gender Differences 

Previous research has shown a marked reduction in the expression of AMs between 6 and 

9 years of age (Cohen et al., 1967; Connolly & Stratton, 1968; Wolff et al., 1983), and 

fewer AMs are reported in children over the age of 10 years (Abercrombie et al., 1964).  

Based on these findings, the present study investigated AMs over this reduction period by 

examining AMs in children aged 6, 8 and 10 years. As with previous studies, this 

Australian study found a reduction in AMs with increasing age. However, the study did 

reveal that a large proportion of children in the 10 year old age group still presented 

AMs. One possible explanation as to why AMs persist could be related to the complexity 

of the tasks and the limited amount of experience the children have had performing 

similar tasks. 

 

Previous research also has reported gender differences, with males showing more AMs 

than females of the same chronological age (Connolly & Stratton, 1968; Largo et al., 

2001; Liederman & Foley, 1987; Waber et al., 1985). The present study supports this 

finding with males showing increased AMs across all age groups. It has been suggested 

that girls can perform complex fine motor tasks faster and more accurately than boys due 

to the differences in maturation (Denckla, 1985; Largo et al., 2001) and experience. 

However, because the cause of AMs is currently unknown, it makes it difficult to 

determine what contributes to these gender differences.  

 

4.5. Conclusion 

This study has provided some meaningful information concerning the influence of motor 

ability on AM expression, particularly in explaining the variability between children of 

the same chronological age. Previous studies exploring the relationship between AMs and 

motor ability have found mixed results. By using this large and clearly defined population 

of children this study has been able to demonstrate a moderate strength of relationship 

between AMs and motor ability that is not confounded by other variables. The age and 
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gender differences reported are consistent with findings from previous research, however, 

this study found that AMs can persist beyond the age of 10 years and this probably relates 

to differing complexities between each of the tasks which will be reported on in some 

detail in Chapter 5. As mentioned briefly in the discussion, research has reported that 

increased AMs could be linked to dysfunction associated with disorders not directly 

linked to movement dysfunction, and although this research has demonstrated links 

between poor motor ability and increased AMs, future research is needed to explore 

clinical populations ensuring that motor ability is considered.  
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5.1. Introduction 

During the development and acquisition of efficient movement, children often present 

additional movements referred to as associated movements (AMs). Associated movements 

have been described as “…irrelevant involuntary movement, which accompanies, but is not 

necessary for, executing a specific movement or adopting a posture,” (Geuze, 2004, p. 

392). These movements primarily occur in parts of the body not actively involved in the 

performance of an intended movement, and are thought to decrease biomechanical 

efficiency, increase energy cost and interfere with aesthetics of motor performance (Cratty, 

1994; Kuhtz-Buschbeck et al., 2000).  

 

Different types of AMs have been identified and these are based on the areas of the body 

displaying AMs relative to the task being performed. One type of AM, called contralateral 

AMs, are defined as movements in homologous muscles of the limb opposite to that 

performing a voluntary movement. Different tasks have been used to initiate this type of 

AM, including sequential tasks (Cohen et al., 1967; Wolff et al., 1983; Largo et al., 2001), 

repetitive tasks (Abercrombie et al., 1964; Connolly & Stratton, 1968; Waber et al., 1985) 

and force production tasks (Fog & Fog, 1963; Lazarus & Todor, 1991). These have been 

used to initiate contralateral AMs in the fingers, hands and/or feet. The severity of AMs 

seen in the contralateral limb are typically scored using qualitative scales based on the 

degree to which the observed movements replicate those of the active limb. 

 

Bilateral AMs also have been extensively investigated. These are described as movements 

of the upper limbs while the lower limbs perform a voluntary movement task (Fog & Fog, 

1963). Bilateral AMs are initiated predominantly during repetitive movement tasks 

(Connolly & Stratton, 1968; Denckla, 1985; Fog & Fog 1963; Largo et al., 2001; Licari et 

al., 2006; Wolff et al., 1983) such as when a subject is required to adopt different walking 

postures. The hand and arm movements are scored using qualitative scales based on the 

degree of replication and other arm positioning not perceived to contribute to the 

performance of the movement. 

 

Researchers have investigated a variety issues surrounding the different types of tasks used 

to initiate AMs in typically developing populations. These include differences in AM 
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expression across different age groups between each task (Connolly & Stratton, 1968; 

Largo et al., 2001; Wolff et al., 1983), gender differences between tasks (Connolly & 

Stratton, 1968; Largo et al., 2001; Liederman & Foley, 1987; Wolff et al., 1983), and 

differences in AM expression between active preferred and non-preferred limbs between 

tasks (Cernacek, 1961; Cohen et al., 1967; Liederman & Foley, 1987; Todor & Lazarus, 

1986; Wolff et al., 1983).  

 

Investigations of AMs in typically developing children have noted a reduction in AMs with 

age (Connolly & Stratton, 1968; Fog & Fog, 1963; Garvey et al., 2003; Lazarus & Todor, 

1987; Wolff et al., 1983; Zazzo, 1960). Despite the reported decline with age, there is 

considerable variability in decline rates across tasks, with some tasks showing a rapid 

decline at an earlier age than others (Gasser et al., 2007; Largo et al., 2001, 2003; Wolff et 

al., 1983). Studies investigating the rate of decline on contralateral tasks have reported that 

repetitive hand and finger movements decline earlier than sequential and alternating 

movements (Largo et al., 2001; Wolff et al., 1983). On some contralateral tasks, such as the 

pegboard, decline rates have been non-linear with AM expression highly variable across 

ages (Largo et al., 2001). On bilateral tasks, walking on tip toes has been shown to decline 

earliest, followed by walking on heels, and finally walking on the outer and inner soles of 

the feet (Largo et al., 2001; Wolff et al., 1983). Largo et al. (2001, 2003) suggested that 

some AM tasks are more complex than others, with those of greater complexity 

contributing to an increase in AM expression and greater within age variability. Continued 

research exploring decline rates across more tasks is needed to gain a better understanding 

of how different tasks influence the expression of AMs. 

 

A number of researchers have investigated the differences in AM expression between male 

and female children of the same chronological age (Abercrombie et al., 1967; Cohen et al., 

1967; Connolly & Stratton, 1968; Largo et al., 2001; Liederman & Foley, 1987). The 

results of these studies have been equivocal, with some studies reporting no gender 

differences (Abercrombie et al., 1967; Cohen et al., 1967), and other studies noting that 

females show fewer AMs (Connolly & Stratton, 1968; Largo et al., 2001; Liederman & 

Foley, 1987). More recent research has suggested that gender differences are task specific, 

with females showing less pronounced AMs on tasks involving the upper extremities in 
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comparison to the lower extremities (Largo et al., 2001). Due to the paucity of studies that 

have investigated task specific gender differences, further research exploring gender 

differences across tasks is needed to clarify possible task specific differences and enhance 

the understanding of developmental pathways. 

 

Equivocal findings predominate when differences in AM expression between the active 

preferred and non-preferred hands have been investigated. Some studies have reported 

increased AM expression when the non-preferred hand is active (Armatas et al., 1996b; 

Cohen et al., 1967; Lazarus & Todor, 1991; Liederman & Foley, 1987; Todor & Lazarus, 

1986; Wolff et al., 1983), while others demonstrated increased AM expression when the 

preferred hand is active (Cernacek, 1961). Also, several studies have found no differences 

between the active preferred and non-preferred hands (Armatas & Summers, 2001; 

Connolly & Stratton, 1968; Edwards & Elliott, 1989; Zazzo, 1960). Due to the different 

movement requirements for executing each individual AM task, differences in AM 

expression between hands may be task specific (Parlow, 1990) possibly reflecting 

hemispheric specialisation (Gasser et al., 2005). Research investigating differences between 

hands across different task types have resulted in increased AMs when the preferred hand is 

active on repetitive movement tasks (Parlow, 1990), increased AMs when the non-preferred 

hand is active on finger displacement tasks (Parlow, 1990), and increased AMs when the 

non-preferred hand is active on force production tasks (Armatas et al., 1996a; Lazarus & 

Todor, 1991; Todor & Lazarus, 1986). Due to the relatively low number of studies that 

have investigated hand differences across tasks, further research is needed to confirm and 

extend current findings. 

 

The aim of this study is to explore how the type of task influences the expression of AMs in 

typically developing children. This study used six tasks which were adapted from Fog & 

Fog (1963), Largo et al. (2001) and Licari et al. (2006). Three contralateral tasks were 

included: finger sequencing (sequential finger movement), clip pinching (force production) 

and pegboard (adaptive movement); and three bilateral tasks: walking on toes (repetitive 

movement), walking on heels (repetitive movement), and walking with feet externally 

rotated (repetitive movement). Task differences were analysed across ages, between 

genders and between active hands. 
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5.2. Method 

 

5.2.1. Participants 

The participants were 165 children with no known movement, learning or attention 

difficulties. Children were recruited from metropolitan (3) and rural (1) schools in Western 

Australia. Children were divided into three groups based on their year levels at school. 

Group 1 consisted of 52 children (19 boys and 33 girls) in school year 1, with a mean age 

of 6 years and 4 months (SD = 4 months). Group 2 consisted of 57 children (28 boys and 29 

girls) in school year 3, with a mean age of 8 years 3 months (SD = 3 months). Group 3 

consisted of 56 children (27 boys and 29 girls) in school year 5, with a mean age of 9 years 

11 months (SD = 5 months). Prior to data collection, ethics clearance was obtained from 

The University of Western Australia Human Ethics Committee and parental consent was 

obtained for each participant. 

 

5.2.2. Procedures 

Data were collected in a suitable room at each of the schools. Children were tested 

individually using Porac and Coren’s (1981) Lateral Preference Inventory to determine 

hand preference. Then each AM task was individually scored using a 4-point scale 

developed by Largo et al. (2001, 2002). They rated performances for each AM task as 0 = 

no movement, 1 = barely visible AMs, 2 = moderate AMs or 3 = marked AMs.  A brief 

description of the assessments is discussed below.  

 

5.2.2.1. Assessment of Lateral Preference 

A modified version of Porac and Coren’s (1981) Lateral Preference Inventory was 

completed. Children were asked to demonstrate two trials of the following: colouring hand, 

writing hand, throwing hand and toothbrush hand. The criterion for handedness was the 

performance of a minimum of 6 out of 8 trials using the same hand. Hand preference was 

assessed in order to compare the differences between the preferred and non-preferred on the 

contralateral AM tasks. 
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5.2.2.2. Assessment of Associated Movements 

Six AM tasks were selected for this study, namely three contralateral and three bilateral. 

Children completed two trials on each hand for the contralateral tasks in the following 

order: Trial 1 using the preferred hand, Trial 1 using the non-preferred hand, Trial 2 using 

the preferred hand, and Trial 2 using the non-preferred hand. The contralateral tasks 

included: 

 

Task 1: Finger Sequencing. The child was asked to elevate the arms up so the 

elbows were at shoulder level, forearms vertical and the palms of the hands facing 

forwards. The child then touched each finger onto the thumb (shown in Figure 16), 

starting with the index finger, as quickly as possible using the designated active 

hand for at least 5 repetitions. The AMs were observed by scoring the displacement 

of the fingers of the inactive hand.  

    
 

Figure 16. Finger Sequencing Task with an Active Right Hand 

 

Task 2: Clip Pinching. With the back of the hands resting on the table, a clip was 

placed into the designated active hand and the child squeezed the clip as far open as 

possible using the thumb and index finger (shown in Figure 17). The AMs were 

scored by observing the displacement of fingers of the inactive hand.  

  
 

Figure 17. Clip Pinching Task with an Active Right Hand 

 

Task 3: Pegboard. A pegboard was placed on the desk in front of the child with the 

designated inactive hand positioned in a relaxed starting position (shown in Figure 
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18). The child was then instructed to pick up pegs using the designated active hand 

and place them into the pegboard holes as quickly as possible. The AMs were 

scored by observing the displacement of the fingers and palm of the inactive hand. 

        

Figure 18. The Pegboard Task with an Active Right Hand 

 

For the bilateral tasks, children were required to demonstrate two trials of each task along a 

5 metre walkway keeping their arms relaxed by their sides. The tasks included:  

 

Task 4: Walking on Toes. The children walked slowly on the balls of the feet along 

the walkway. The AMs were scored by observing the displacement of the arms. 

 

Task 5: Walking on Heels. The children walked slowly on the heels along the 

walkway. The AMs were scored by observing the displacement of the hands and 

arms.  

 

Task 6: Walking with Feet Externally Rotated. The children walked with the feet 

externally rotated along the walkway (shown in Figure 19). The AMs were scored 

by observing the displacement of the hands and arms. 

 

Figure 19. Walking with Feet Externally Rotated  
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5.2.3. Statistical Treatment and Analysis 

Cronbach’s Alpha correlations were used to measure test-retest reliability of each of the 

tasks (trial 1 vs. trial 2). From these moderate to high correlations (presented in Table 13) it 

was deemed acceptable to average the two trials for each task to create an average AM task 

score for each item.  

 

Table 13. Cronbach’s Alpha Correlations between Trials on each AM Task 

 

Task Cronbach’s α 

Finger Sequencing Preferred 0.92 

Finger Sequencing Non-preferred 0.87 

Clip Pinching Preferred 0.88 

Clip Pinching Non-preferred 0.80 

Pegboard Preferred 0.88 

Pegboard Non-preferred 0.88 

Walking on Toes 0.95 

Walking on Heels 0.96 

Walking with Feet Externally Rotated 0.93 

 

The average scores were entered into SPSS version 14.0 and descriptive statistics (Q-Q 

plots) along with relevant normality and homogeneity tests. This confirmed that the 

distribution of the data was normal and variances equal. Therefore, parametric statistics 

were used to investigate task differences across age groups, between genders and between 

hands. In order to assess the influence of age (based on school year) and gender on AM 

expression, a two-way multivariate analysis of variance (MANOVA) with Fischer’s LSD 

was performed. For this analysis the scores from the preferred and non-preferred hands on 

the contralateral tasks were collapsed to create a single score representative of each task. To 

investigate the task differences between the active preferred and non-preferred hands, a 

paired samples t-test was performed.  
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5.3. Results 

 

5.3.1. Associated Movement Expression across Tasks and between Age Groups  

The results revealed a significant decline in AMs across year groups overall (F = 66.738, p 

< .001). The average decline for each task across age groups is shown in Figure 20. The 

greatest amount of decline with age was seen on the finger sequencing (42% decline 

between years 1 and 3, 47% decline between years 3 and 5) and clip pinching tasks (32% 

decline between years 1 and 3, 53% decline between years 3 and 5). Large declines were 

also seen on the pegboard (23% decline between years 1 and 3, 39% decline between years 

3 and 5) and walking on heels tasks (20% decline between years 1 and 3, 34% decline 

between years 3 and 5). On the walking with feet externally rotated task and the walking on 

toes task, the decline with age was less marked. This probably relates to the sensitivity of 

the tasks within this age group, with the walking with feet externally rotated task initiating 

a high level of AMs across all age groups, and the walking on toes task initiating a low 

level of AMs across all age groups. 

 

      

 

Figure 20. Decline in AM Scores for each Task across Groups 

 

Fischer’s LSD comparison was used to explore differences between year groups across 

each task. The results of this comparison are presented in Table 14. Significant differences 
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were seen on the majority of tasks (p < .05). On the walking with feet externally rotated 

task the difference between the first and third year groups was approaching significance (p 

= .058). On the walking on toes task there were no significant differences between the first 

year group and the third year group (p = .19). 

 

Table 14. Fischer LSD Comparisons for each Task between Groups 

 

 

The distribution of scores (prevalence of children scoring a 0 = no movement, 1 = barely 

visible AMs, 2 = moderate AMs, or 3 = marked AMs) for each task is presented in Figures 

21 to 26. These distribution scores provide further evidence of the gradual decline in AMs 

with age, and also highlight the variability in scores across tasks. On the finger sequencing 

and clip pinching tasks, the majority of scores were at the lower end of the scoring scale 

with most children achieving scores of 0 and 1. While on the pegboard task, the majority of 

children achieved scores ranging from 1 to 3.  
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Figure 21. Distribution of Scores on the Finger Sequencing Task 

 

 

Figure 22. Distribution of Scores on the Clip Pinching Task 

 

 

Figure 23. Distribution of Scores on the Pegboard Task 

 

On the walking on toes task, the majority of children achieved scores of 0 or 1, which 

highlighted the insensitivity of this task within the age group studied. On the walking on 
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heels tasks the majority of scores ranged from 1 to 3, while on the walking with feet 

externally rotated task, the majority of children achieved scores of 2 or 3. 

 

 

Figure 24. Distribution of Scores on the Walking on Toes Task 

 

 

Figure 25. Distribution of Scores on the Walking on Heels Task 

 

 

Figure 26. Distribution of Scores on the Walking with Feet Externally Rotated Task 
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5.3.2. Gender Differences across Tasks 

The results revealed a significant difference between genders overall, with females showing 

significantly fewer AMs than males (F = 19.00, p < .001). Figures 27 to 32 illustrate the 

gender differences for each year group across each of the tasks. Fischer’s LSD confirmed 

significant differences between males and females on: 1) finger sequencing task in both 

year 3 and year 5 groups, 2) clip pinching in both the year 1 and year 5 groups, 3) pegboard 

in the year 5 group, 4) walking on toes in the year 1 group, and 5) walking with feet 

externally rotated in the year 3 group. There were no significant interactions between year 

group and gender (F = 0.12, p = .89). 
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Figure 27. Gender Differences within Groups on the Finger Sequencing Task 
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Figure 28. Gender Differences within Groups on the Clip Pinching Task 
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Figure 29. Gender Differences within Groups on the Pegboard Task 

0

0.5

1

1.5

2

2.5

3

1 3 5

 

Figure 30. Gender Differences within Groups on the Walking on Toes Task 
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Figure 31. Gender Differences within Groups on the Walking on Heels Task 
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Figure 32. Gender Differences within Groups on the Walking with  

Externally Rotated Task 

 

5.3.3. Contralateral Task Differences between Hands 

Paired samples t-tests revealed significant differences between the active preferred and 

non-preferred hands overall on the clip pinching (t = -4.702, p < .001) and pegboard tasks (t 

= -6.274, p <.001), with the active non-preferred hand initiating more AMs. No significant 

differences were found between the active preferred and non-preferred hands overall on the 

finger sequencing task (t = -.087, p = .931). Based on the mean scores, the clip pinching 

task showed the most asymmetry overall with a 24.2% increase in AMs when the non-

preferred hand was active, while the pegboard task showed a 19.4% increase. Mean AM 

scores for the three contralateral tasks across the three year groups are presented in Figures 

33 to 35. 

 

 

Figure 33. Hand Differences on the Finger Sequencing Task 
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Figure 34. Hand Differences on the Clip Pinching Task 

 

 

Figure 35. Hand Differences on the Pegboard Task 

 

5.4. Discussion 

The results of this research support and extend earlier research by demonstrating that: (1) 

there is a significant decline in AMs with age on most tasks; (2) the expression of AMs and 

rate of decline is highly variable between tasks; (3) gender differences were evident, with 

males showing significantly more AMs than females on a number of tasks; and (4) hand 

differences were evident on two of the contralateral tasks. These findings will be discussed 

below in light of other key research investigating similar topics. 

 

5.4.1. Associated Movement Expression across Tasks and between Age Groups 

As previously mentioned, research has shown that AM expression declines with increasing 

age (Connolly & Stratton, 1968; Fog & Fog, 1963; Garvey et al., 2003; Largo et al., 2001; 

Lazarus & Todor, 1987; Wolff et al., 1983; Zazzo, 1960). The degree of expression and rate 
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of decline is highly variable across tasks. For example, in the present fine motor tasks 

designed to initiate contralateral AMs, the expression of AMs found on the pegboard task 

was comparatively higher than those seen on the finger sequencing and clip pinching tasks. 

There was very little difference in AM expression between the finger sequencing and clip 

pinching tasks, with the finger sequencing task showing a slightly higher expression of 

AMs in children in year 3.  

 

Despite the pegboard task initiating the most contralateral AMs overall, both the finger 

sequencing and clip pinching tasks showed the greatest rate of decline with age. A possible 

reason for this could relate to the sensitivity of the pegboard task. The pegboard task may 

be the most complex due to the fact that it has more functional components (i.e. control of 

the moving fingers, hand and arm performing the action). In addition, the pegboard task has 

a high visual component (Gasser et al., 2005) requiring adaption of movement with each 

individual peg to be slotted into a different hole location each time, further increasing the 

complexity of the task. It is possible that these complexities contribute to children of any 

age experiencing more difficulty performing the task, resulting in increased expression of 

AMs, a slow reduction of AMs with age and reduced sensitivity to age change. 

 

These sensitivity issues were also apparent on the tasks designed to initiate bilateral AMs. 

On these tasks, walking with feet externally rotated initiated the most AMs overall, 

followed by walking on heels, and finally walking on toes. Despite the walking with feet 

externally rotated task initiating most AMs overall, the rate of decline across the three years 

groups was not as marked as for the walking on heels task. Walking with feet externally 

rotated was probably more complex for the children than walking on heels. Although the 

functional requirements of the tasks do not have any apparent dissimilarities which increase 

the complexity of one task over the other, perhaps the movement components required to 

perform the walking on heels task may overlap with other developed forms of locomotion 

(such as the heel strike when walking). This overlap may result in a basic level of 

movement experience and formation of coordinative structures required to perform the 

walking on heels task efficiently, thereby reducing the expression of AMs found. Walking 

with feet externally rotated was the task that most children had difficulty performing. This 
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resulted in a high level of AMs across all age groups, a slower reduction with age and a 

reduced sensitivity. 

 

Walking on toes initiated the least AMs overall, which is comparable to other studies 

(Largo et al., 2001; Wolff et al., 1983) that have reported reduced AM production on this 

task. The reason why this task produced reduced AMs may also be attributed to the lack of 

sensitivity of the task. Unlike the other tasks that may have reduced sensitivity as a result of 

the tasks being more complex, the walking on toes task is likely to have reduced sensitivity 

due to a lower level of complexity. Children are able to execute walking on their tip toes at 

a very early age. Therefore, prior experience performing the task may have contributed to a 

reduced AM expression on this task within the age group studied. Perhaps this task would 

be more sensitive if administered to younger children. 

 

Compared with other studies that have tracked the distribution of scores with age on some 

of the tasks included in this study, there were some differences in the percentage of children 

displaying particular scores within age groups. For example, Largo et al. (2001) reported 

that approximately 26% of children aged 10 years displayed no AMs on the finger 

sequencing task, whereas this study  found that 62% of children aged 10 years displayed no 

AMs. Children achieved lower scores in this study than others for the clip pinching and 

walking on toes tasks too. On a similar clip pinching task Connolly & Stratton (1968) 

reported that approximately 10% of children aged 6 years, 20% of children aged 8 years 

and 35% of children aged 10 years displayed no AMs; while the present study found that 

19% of children aged 6 years, 45% of children aged 8 years and 64% of children aged 10 

years displayed no AMs. For walking on toes Largo et al. (2001) reported approximately 

30% of children aged 6 years, 30% of children aged 8 years and 38% of children aged 10 

years displayed no AMs; while this study found that 64% of children aged 6 years, 73% of 

children aged 8 years and 92% of children aged 10 years displayed no AMs. The opposite 

trend was seen on the pegboard task with Largo et al. (2001) reporting that approximately 

20% of children aged 6 years, 35% aged 8 years and 45% aged 10 years had no AMs; 

which is comparatively higher than the present study where 0% of children aged 6 years, 

6% of children aged 8 years and 21% of children aged 10 years had no AMs. Possible 

reasons why these tasks may have yielded different scores between studies may relate to 
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slightly different instructional procedures and scoring protocols for the tasks, or perhaps 

cultural differences in motor ability at certain ages.  

 

5.4.2. Gender Differences across Tasks 

Females appear to be more advanced than males of the same chronological age due to 

maturation differences (Gasser et al., 2007; Largo et al., 2001) as females are thought to be 

two years more advanced in pubertal changes and bone development (Gasser, et al., 2007; 

Waber et al., 1985). So, one might predict that females would show fewer AMs overall on 

most AM tasks than males of the same chronological age. However, previous findings 

refute this, with some reports of no gender differences (Abercrombie et al., 1967; Cohen et 

al., 1967) and others reporting task specific gender differences (Connolly & Stratton, 1968; 

Largo et al., 2001; Liederman & Foley, 1987).  

 

The present study supports the notion that gender differences may be task specific (Largo et 

al., 2001) with more differences recorded within age groups on contralateral tasks. 

Significantly reduced AMs seen in females in two out of the three year groups on the finger 

sequencing task are somewhat consistent with those reported earlier (Gasser et al., 2007). 

These findings also support a number of studies examining execution time when 

performing sequential movements, with females executing sequential finger movements 

faster than males of the same chronological age (Denckla, 1973, 1974). It is unclear why 

females are superior at performing this task. It may reflect differences in motor experiences 

during childhood, with females more likely to engage in fine motor activities than males. 

This experience could lead to females becoming superior at performing tasks requiring the 

precise control of multiple digits whilst inhibiting unnecessary motor behaviours. 

 

Significant differences also were found in two out of the three year groups for clip 

pinching, with females displaying reduced AMs than males of the same chronological age. 

This supports Connolly and Stratton (1968) who also found that females displayed 

significantly fewer AMs than males when performing a similar clip pinching task. The clip 

used in the present study was designed so that it would not fully open. This was to ensure 

that each child exerted their maximal force to prevent strength differences compromising 

the performance of the task. Despite this, it is possible that strength differences may have 
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influenced the findings. Armatas et al. (1996a) demonstrated that AM expression is 

influenced by absolute force production. In the study by Armatas et al. (1996a) male adults 

were found to exhibit more AMs than females on a finger flexion task and this was 

attributed to a greater absolute force production, but further research is needed to clarify 

this issue with children. Gender strength differences are minimal in pre-pubescent children 

of the same chronological age. Therefore, perhaps the differences in the present study are 

attributable to differences in fine motor precision.  

 

Females displayed significantly fewer AMs than males on the pegboard task in the year 5 

group. This supports work by Gasser et al. (2007) who reported moderately reduced AMs 

in females on the pegboard task. A possible reason why findings were not significant in the 

younger year groups could be related to the complexity of this task. As mentioned earlier, 

the pegboard task may be more complex than the other contralateral tasks, resulting in more 

children displaying an increased expression of AMs. Such increased complexity could have 

reduced the sensitivity of the task within the younger age groups studied and reduced 

gender differences. It appears that the pegboard task becomes more sensitive in the older 

age group with a high rate of decline in AMs with age and also gender differences more 

evident. 

 

Very few gender differences were significant on the bilateral AM tasks. Walking on toes 

revealed gender differences in the year 1 children which were probably attributable to the 

task sensitivity which was challenging enough to result in gender differences at this age. It 

is likely that more substantial gender differences could be prevalent if a younger age group 

was studied where the task is likely to be more sensitive. Significant differences were found 

between children in year 3 on the walking with feet externally rotated task. There appears 

to be no underlying explanation to account for this difference in the middle age group. 

Overall, it appears that gender differences are not as marked on bilateral tasks in 

comparison to contralateral tasks. This supports research by Largo et al. (2001) who noted 

that AM gender differences on tasks involving the lower extremities are less pronounced 

than the upper extremities. 
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5.4.3. Contralateral Task Differences between Hands 

An increased expression of AMs was prevalent across age groups on the clip pinching and 

pegboard tasks when the non-preferred hand was active, but no differences were noted 

between hands on the finger sequencing task. This agrees with other studies reporting 

increased AM expression when the active non-preferred hand performed clip pinching 

(Todor & Lazarus, 1986), increased AM expression when the active non-preferred hand 

performed the pegboard task (Largo et al., 2001; Gasser et al., 2007), and no differences 

between hands on the finger sequencing task (Largo et al., 2001). This finding is also 

consistent with researchers investigating timed performances with differences recorded 

between hands on a number of repetitive movement tasks, and reduced hand differences 

recorded for sequential movement tasks (Denckla, 1973, 1974; Gasser et al., 2005).  

 

It is unclear why hand differences are not as prevalent or not as marked on sequential 

movement tasks. Chen, Gerloff, Hallet and Cohen (1997) demonstrated that more bilateral 

areas of the brain are activated when performing sequential finger movements than simple 

finger movements. Gasser et al. (2005) proposed that this shared bilateral activation results 

in similar performances by the hands on sequential movement tasks. This shared bilateral 

activation also could account for reduced differences in AM expression between hands on 

the sequential movement task in this study. However, because AMs could be caused by a 

lack of cortical inhibition (Fog & Fog, 1963), further research is needed to confirm this 

notion.  

 

Hand differences present on the clip pinching and pegboard tasks might be attributable to 

hemispheric specialisation as the left hemisphere is more lateralised for a number of 

different motor functions (Gasser et al., 2005; Todor & Lazarus, 1985). This lateralisation 

may result in better performance by the preferred hand overall (Gasser et al. 2005), and has 

been suggested to reduce the expression of AMs when the preferred hand is active (Todor 

& Lazarus, 1985). Further research to explore cerebral functioning with the occurrence of 

AMs during the performance of unimanual motor tasks would enhance the understanding of 

what causes task specific hand differences. 
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5.5. Conclusion 

The present study has demonstrated that age, gender and hand differences are all task 

specific. The finger sequencing, clip pinching, pegboard and the walking on heels tasks all 

declined considerably with age, thereby indicating that these four tasks are sensitive for 

measuring the expression of AMs within the age range studied. The walking on toes and 

walking with feet externally rotated tasks presented a reduced rate of decline with age. This 

probably relates to the fact that one of these tasks was too simple and the other too difficult, 

making them less sensitive to change within the age range of the subjects. Gender 

differences were prevalent, with females displaying reduced AMs, predominantly on the 

contralateral AM tasks. These differences are possibly attributable to differences in motor 

experiences throughout childhood. As females are more likely to engage in fine motor 

activities, they may become more advanced at such activities which could lead to reduced 

contralateral AMs. Hand differences were task specific, with differences between tasks 

most likely reflecting task specific hemispheric activation and inhibition patterns. 
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6.1. Introduction 

Throughout life, one’s ability to perform coordinated movement continually changes, 

with one of the most substantial periods of change evident during childhood. During 

childhood, children often present unique motor behaviours, which can interfere with the 

ability to execute efficient and purposeful movement patterns. One of the most highly 

researched motor behaviours displayed during childhood, particularly during middle 

childhood, are associated movements (AMs). These are described as unintentional and 

unnecessary movements accompanying the performance of a voluntary motor act 

(Armatas et al., 1994; Connolly & Stratton, 1968; Liederman & Foley, 1987; Mayston 

et al., 1999). For example, when a child performs a unimanual movement such as 

pinching the thumb and index finger together, the homologous muscles of the opposite 

limb can be activated resulting in a similar movement. Although the underlying cause of 

these movements is unclear, decades of research investigating the behavioural 

characteristics of these movements has been conducted in childhood populations. 

Research has shown that AMs decline with age (Connolly & Stratton, 1968; Largo et 

al., 2001; Wolff et al., 1983), are greater in males (Connolly & Stratton, 1968; Largo et 

al., 2001; Liederman & Foley, 1987; Waber et al., 1985), and are of increased severity 

in clinical populations (Abercrombie et al., 1964; Cermak, 1991; Cohen et al., 1967; 

Denckla & Rudel, 1978; Lazarus, 1994; Mostofsky et al., 2003; Szatmari & Taylor, 

1984; Wolff et al., 1983).  

 

Like most motor behavior traits, the measurement of AMs is complex and has 

limitations. There are two main types of AMs that have been measured extensively and 

these include contrateral and bilateral AMs. Contralateral AMs are movements of the 

limb contralateral (opposite) to the limb performing the voluntary task (Cernacek, 1960) 

while bilateral AMs are movements in the upper extremities while the lower extremities 

perform a voluntary movement task (Fog & Fog, 1963). Tasks used to measure 

contralateral AMs are typically fine motor tasks such as sequential and repetitive finger 

movements (Abercrombie et al., 1964; Connolly & Stratton, 1968; Denckla, 1985; Fog 

& Fog, 1963; Zazzo, 1960). Tasks used to measure bilateral AMs are predominantly 

repetitive gait movements such as walking on tip toes, walking on heels, and walking 

with feet inverted or everted (Connolly & Stratton, 1968; Denckla, 1985; Fog & Fog, 

1963; Wolff et al., 1983). Each AM task requires use of different body segments and 

muscle activation patterns which result in the expression of AMs specific to the 
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voluntary motor act being performed. As a result, the measurement of AMs is task 

specific. 

 

Some studies have investigated AMs quantitatively by using equipment such as 

electromyography (Cernacek, 1961; Durwen & Herzog, 1989), hand dynamometers 

(Stern et al., 1976) and force transducers (Armatas et al., 1994, 1996a, 1996b). 

Equipment has provided information regarding several issues such as the differences in 

AM expression between the active preferred and non-preferred hands (Armatas et al., 

1996a; Lazarus & Todor, 1991; Todor & Lazarus, 1986) but the number of AM tasks 

that can be used with this type of equipment is limited. As mentioned, AMs are 

considered to be a measure of motor behavior and, when used to explore the 

developmental changes in normative populations or as an indicator of dysfunction in 

clinical populations, it is important that a variety of tasks measuring the same 

underlying construct be used.  

 

Due to the difficulty in measuring most AM tasks quantitatively, researchers typically 

rate these movements through qualitative observation. Numerical scoring scales have 

been developed which range from 2-points (Connolly & Stratton, 1968; Parlow, 1990) 

to 4-points (Cohen et al., 1967; Largo et al., 2001, 2002). Four-point scoring scales are 

the most frequently used in developmental and clinical studies, due to greater sensitivity 

for identifying varying degrees of expression and relative ease for examiners to identify 

discrimination points between numerical values. An example of a 4-point scoring scale 

for two AM tasks is presented in Figures 36 and 37. The first task (see Figure 36) is an 

adapted version of Fog and Fog’s (1963) contralateral AM clip pinching task. Here, the 

subject squeezes open a spring-loaded clip using one hand, while the other hand remains 

relaxed with the palm facing up. As the subject squeezes the clip open the examiner 

observes movements seen in the digits of the inactive hand and scores these according 

to the degree of AMs. The second task (see Figure 37) is an adapted version of the 

Largo et al. (2001, 2002) bilateral AM walking on toes task. Subjects walk on their tip 

toes with arms relaxed by the sides, and AMs are scored according to the degree to 

which the arms internally rotate and shoulders extend. 
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  0         1     2          3 

 

 

 

 

 

Figure 36. Measurement Protocol for the Finger Sequencing Task  

 

 

    

   0       1       2       3 

 

 

 

 

Figure 37. Measurement Protocol for the Walking on Toes Task 

 

A problem with using measurement scales such as these is that the movements observed 

between each numerical value are not quantifiably equal, resulting in these scales being 

classified as indiscriminate, ordinal or non-linear (Fisher, 2004). In most statistical 

0 = Arms/hands remain relaxed by sides 

1 = Arms/hands internally rotate with slight shoulder extension 

2 = Arms/hands internally rotate with mild shoulder extension 

3 = Arms internally rotate with marked shoulder extension 

0 = inactive hand remains stationary 

1 = slight movement of one or more digits 

2 = distinct movement of one or more digits, however, they do 

not make contact with the thumb or palm of the hand 

3 = distinct movement of one or more digits which clearly make 

contact with the thumb 

 

AMs observed on this 

hand and rated on the 

scale below 
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textbooks, it is recommended that non-parametric statistics be used to analyse this type 

of data. Despite this recommendation, it is common practice for researchers to use 

parametric procedures to analyse their data when other underlying assumptions are 

fulfilled (Blaikie, 2003), with sample size and distribution viewed to be more important 

assumptions (Knapp, 1990). By using parametric statistics, researchers are able to 

broaden analytical procedures, with results often viewed as being more meaningful. But 

overlooking an assumption can lead to criticism. This issue has been debated for many 

years in relation to the ‘weak measurement, strong statistics debate”, but working with 

some imprecision and continuing to construct measurement scales is important for the 

advancement of scientific research (Bond & Fox, 2001). 

 

Another problem with using scales such as these to measure a construct of motor 

behaviour relates to the construction of a total score. Some researchers are concerned 

that lack of care is taken to ensure that test items actually measure what they are 

claiming to measure (Henderson, 1987; Laszlo & Bairstow, 1985; Safrit et al., 1992; 

Zhu, 1996). In order to make good judgments about what contributes to a particular 

construct it is important that researchers demonstrate construct validity. Unfortunately, 

demonstrating validity can be particularly difficult and very few researchers have 

explored the validity of tasks in the measurement of AMs (Connolly & Stratton, 1968; 

Largo et al., 2001, 2002). Therefore, it is unclear whether the AM tasks used in research 

are measuring the same underlying construct. In addition, research has shown 

considerable variability in AM expression between tasks (Largo et al., 2001), so it is 

possible that floor or ceiling effects may be influential when calculating a total score.   

 

Despite the concerns mentioned above, there are possible avenues that researchers can 

take to strengthen their measurement and analytical procedures when the measurement 

is ordinal and scores are summed to represent a particular construct. One way is through 

the use of the Rasch Measurement Model. The Rasch Measurement Model (or Rasch 

Analysis) was developed and named after Danish mathematician George Rasch in 1960. 

Rasch analysis is a statistical method that creates a linear representation using many 

individual items, ranked by item difficulty and person ability, constituting an interval 

scale of measurement (Andrich, 1978, 1988; Bond & Fox, 2001; Fischer, 1995; 

Tennant, McKenna & Hagell, 2004; Rasch, 1961; Wright & Stone, 1979). 
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Rasch analysis has been used in a number of different fields and for a variety of 

different reasons, but is primarily used for the validation and modification of 

measurement scales. This paper demonstrates how the Rasch Measurement Model can 

be applied to validate and explore the measurement of AMs in children. These 

movements were selected to be used with this model based on the fact that AMs are 

primarily measured using ordinal scales specific to a variety of different tasks, and also 

because task scores are frequently summed to create a total score representative of the 

construct. This paper focuses on how these perceived weaknesses in measurement can 

be improved through the use of the Rasch measurement model, thereby improving the 

overall significance of the findings. 

 

6.2. Method 

 

6.2.1. Participants 

A total of 165 children were recruited for this study. The sample comprised of 52 

children (19 boys and 33 girls) in school year 1 with a mean age of 6 years and 4 

months (SD = 4 months); 57 children (28 boys and 29 girls) in school year 3 with a 

mean age of 8 years 3 months (SD = 3 months); and 56 children (27 boys and 29 girls) 

in school year 5 with a mean age of 9 years 11 months (SD = 5 months). Prior to data 

collection, ethics approval was obtained from The University of Western Australia 

Human Ethics Committee and parental consent was obtained for each participant. 

 

6.2.2. Task Procedures 

Children completed six tasks adapted from the Zurich Neuromotor Assessment (ZNA) 

Largo et al., 2002), the Fog Test (Fog & Fog, 1963) and measures developed by Licari 

et al. (2006). The first three tasks were contralateral tasks which included: (1) finger 

sequencing (FS), (2) clip pinching (CP), and (3) pegboard (PB) in which children 

completed two trials on each hand for each task. The final three tasks were bilateral 

tasks which included: (4) walking on toes (T), (5) walking on heels (H), and (6) walking 

with feet externally rotated (E), with children completing two trials for each task. Each 

task was rated independently using a four-point scale employed by Largo et al. (2001, 

2002) and Licari et al. (2006) that rates the different degree of AMs on a 4-point scale: 0 

= no movement, 1 = barely visible AMs, 2 = moderate AMs, and 3 = marked AMs.  

 

 



94 

 

6.2.3. Application of the Rasch Model 

The data were entered into the Rasch Unidimensional Measurement Model (RUMM) 

2020 program (Andrich, Sheridan & Luo, 2004), which models the probability of a 

specified response as a function of person and item parameters. Person and item scores 

are used to calibrate items onto a logit scale where the midpoint of the scale is 0, with 

items hierarchically placed along the scale based on item difficultly. For a detailed 

description of the mathematical formulas involved in this process please refer to 

Introduction to Rasch Measurement: Theory Models and Applications (Smith & Smith, 

2004) or Applying the Rasch Model: Fundamental Measurement in the Human Sciences 

(Bond & Fox, 2001). Once the data conforms to the logit scale and it is confirmed that 

the data fits the model overall, the RUMM program is then able to provide an extensive 

range of information for assessing the quality of items in the assessment scale. This 

information includes identifying any misfit of items to the model by examining item 

thresholds, looking at the fit of items to the model by examining item fit statistics, and 

looking at the fit of individuals or groups (i.e. males and females) to the model by 

examining person item fit statistics. The following section will provide results and a 

detailed discussion of each of these areas in relation to the AM data collected in this 

study. The results have been divided into four main sections: (1) overall fit of the AM 

scale to the Rasch model, (2) thresholds, (3) item fit statistics, and (4) person-item fit.  

 

6.3. Results and Discussion 

 

6.3.1. Overall Fit of the AM Scale to the Rasch Model 

The first step when analysing data using the RUMM model is to find out how well the 

data fits the model overall by conducting an Item Test of Fit. This can be done by 

observing the total item chi square statistic and probability value. A good fit to the 

model is present when the total item chi square statistic (chi square) is similar to the 

total degrees of freedom (DF) and when the probability value (p value) is >0.05. The 

item test of fit for this study is presented in Table 15. The values presented in this table 

show a good test of fit and demonstrate that the items are measuring the same 

unidimensional trait.  

 

The Item Test of Fit also provides reliability statistics. In Table 15 there are two 

reliability statistics, a Separation Index and Cronbach alpha value. The separation index 

tests for separation of person ability and item difficulty parameters, while Cronbach’s 



95 

 

alpha is a measure of internal reliability. As can be seen in the table, both reliability 

indices are high (close to 1).  

 

Table 15. Item Test of Fit 

_____________________________________________________________ 

ITEM-TRAIT INTERACTION            RELIABILITY INDICES 

_____________________________________________________________ 

Total Item Chi Squ         42.330              Separation Index   0.93186 

Total Deg of Freedom    36.000              Cronbach Alpha    0.93322 

Total Chi Squ Prob         0.216564 

_____________________________________________________________ 

 POWER OF TEST-OF-FIT -  Power is EXCELLENT 

     [Based on SepIndex of  0.93186] 

_____________________________________________________________ 

 

6.3.2. Thresholds 

If there is any misfit in the data, thresholds are normally examined to see if there is any 

disordering amongst the items. A threshold is the ability location level (logit) where the 

probability of a person scoring in two adjacent categories is equal. The RUMM program 

generates thresholds for each item or trial by creating a Category Characteristic Curve 

(CCC). In this curve, person locations (logits) are plotted on the horizontal axis ranging 

according to item difficulty, with probability of scores plotted on the vertical axis 

according to the score categories. Thresholds are located on the CCC where the lines 

intersect, with good data showing item thresholds that are sequentially ordered.  

 

 

Figure 38. Category Characteristic Curve for Walking on Heels Task (Trial 1) 
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An example of a CCC from the AM data obtained in this study is presented in Figure 

38. This figure shows the curves plotted for each of the scores included in the AM scale 

(i.e. 0 = no movement, 1 = barely visible AMs, 2 = moderate AMs and 3 = marked 

AMs) for the walking on heels task (trial 1). The thresholds are the points in which the 

lines intersect (represented by black circles) between the numerical scores (i.e. 

intersection between 0 and 1, 1 and 2, and 2 and 3). Figure 38 shows that the thresholds 

obtained on this task are sequentially ordered with intersection points spaced in 

numerical order across the logit values on the vertical axis. The item thresholds for each 

of the tasks are shown in Table 16, with all threshold points falling sequentially (i.e. 

from negative to positive). 

 

Table 16. Item Thresholds 

_____________________________________________________________________ 

         ITEM STATEMENT                                              THRESHOLDS 

Code                 Locn       Mean       1        2        3 

______________________________________________________________________ 

FS1-P   1.258971  .000000   -3.359     .247    3.112 

FS2-P       .847616   .000000   -3.212     .810    2.402 

FS1-NP         2.910878  .000000   -5.297   -1.121    6.418 

FS2-NP   2.892993  .000000   -5.280   -1.184    6.464 

CP1-P           1.311931  .000000   -2.186    -.104    2.290 

CP2-P            .974075   .000000  -2.210    .130    2.080 

CP1-NP        .433151  .000000   -2.221     .681    1.540 

CP2-NP        .280914   .000000   -2.323     .245    2.078 

PB1-P            -.881806  .000000   -2.431     .614    1.817 

PB2-P              1.625161  .000000   -2.690     .676    2.015 

PB1-NP        1.968236  .000000   -2.404     .872    1.532 

PB2-NP        2.307502  .000000   -2.734     .776    1.958 

T1                  3.990663  .000000    -3.320   -1.091    4.412 

T2                   3.969491  .000000   -3.351   -1.056    4.407 

H1     1.383697  .000000   -2.429    -.091    2.520 

H2                 1.625014  .000000   -2.456    .132    2.324 

E1     3.727370  .000000    -2.108   -.561    2.669 

E2                  5.351897  .000000   -5.025    1.037    3.987 

_______________________________________________________________________ 

 * : Disordered Thresholds 

FS = finger sequencing, CP = clip pinching, PB = pegboard, 

T = walking on toes, H = walking on heels, E = walking with feet externally rotated 

1 = trial 1, 2 = trial 2 

P = preferred hand active, NP = non-preferred hand active 
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The RUMM program is also able to generate a population threshold map showing the 

frequency of scores on each of the task items to identify any areas of data misfit. The 

population threshold map for this study is shown in Figure 39, with scores of 0 shown in 

blue, 1 in red, 2 in green, and 3 in purple. Threshold points can be located on this map 

by reading the logit location where two colours intersect. The threshold map can also be 

used to analyse the distribution of scores across the tasks. On this map it is evident that 

the frequency of scores is task specific, with some tasks having higher frequencies of 

scores than others. It is also evident that the difference between the first and second trial 

on each of the tasks is fairly consistent, with threshold points at similar locations. One 

threshold point that is slightly different is between the first and second trial of the 

walking with feet externally rotated task (E1 and E2), with the first threshold point 

located at higher logit in trial 2, indicating that more children displayed a score of 1 in 

their second trial on this task. 

 

 

Figure 39. Population Threshold Map 

 

6.3.2. Item Fit Statistics 

The individual fit of items to the model can be explored by performing Individual Item 

Fit Statistics and examining Item Characteristic Curves (ICCs). The Individual Item Fit 

Statistics provides itemised chi square and p values, along with residuals. Residuals are 

scores calculated based on the actual score and the score predicted by the model. When 

the data fits the model well residuals should ideally be less than +2.0 and greater than    

-2.0. The Individual Item Fit Statistics for this study are presented in Table 17. This 
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table shows predominantly good chi square, p and residual values, with some items 

fitting the model better than others.  

 

Table 17. Individual Item Fit Statistics 

_____________________________________________________________________________ 

Seq   Item    Type    Loc   SE     Res    DF       ChiSq DF     Prob    

_____________________________________________________________________________ 

1     FS1P    Poly    1.259    0.155    -1.340   152.89    5.558  2   0.062105       

2     FS2P    Poly      0.848    0.155    -1.133   152.89    4.972    2   0.060620       

3     FS1NP   Poly      2.911    0.166    -0.089   152.89    0.219    2   0.896338       

4     FS2NP   Poly      2.893   0.164    -0.588   152.89    0.530    2   0.767365       

5     CP1P    Poly      1.312    0.144    -0.763   152.89    4.736    2   0.093655       

6     CP2P    Poly      0.974    0.141    -0.552   152.89    3.489    2   0.174717       

7     CP1NP   Poly      0.433    0.135    -0.532   152.89    3.919    2   0.140933       

8     CP2NP  Poly      0.281    0.133     0.518   152.89    1.020    2   0.600422       

9     PB1P    Poly     -0.882    0.125    -0.452   152.89    0.936    2   0.626105       

10    PB2P    Poly     -1.625    0.126    -0.861   152.89    0.119    2   0.942432       

11    PB1NP   Poly     -1.968   0.121     1.201   152.89    1.914    2   0.384118       

12    PB2NP   Poly     -2.308    0.127     0.995   152.89    2.909    2   0.233535       

13    T1      Poly      3.991    0.193     0.197   152.89    2.602    2   0.272205       

14   T2      Poly      3.969    0.192     0.349   152.89    2.110    2   0.348175       

15    H1      Poly     -1.384    0.129    -0.024   152.89    0.373    2   0.829698       

16    H2      Poly     -1.625    0.128     0.199   152.89    1.688    2   0.430058       

17    E1      Poly     -3.727    0.154     0.075   152.89    1.976    2   0.372265       

18    E2      Poly    -5.352   0.161    -0.688   152.89    1.259    2   0.532781       

_____________________________________________________________________________ 

Note: Item labels are according to the raw data 

 

Another way the RUMM program enables examination of individual fit of the items is 

through ICCs. The RUMM program produces these curves for each item based on a 

theoretical distribution of expected scores over a nominated range of abilities. The 

RUMM program then plots mean scores (represented by dots) for clustered ability 

groups (upper third, middle third and lower third) that the program creates. The closer 

the plotted mean scores are to the theoretical distribution curve the better the item fit. 

Figure 40 is an example of an ICC from this study showing a theoretical distribution 

curve and plotted mean scores for the walking on heels task (trial 1). The plotted mean 

scores in this figure fall very close to the theoretical distribution curve, indicating that 

this item is a good fit. The other task trials in this study presented similar curves to this, 

with most of the plotted means falling close to the theoretical distribution curve. 
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Figure 40. Item Characteristic Curve for the Walking on Heels Task (Trial 1) 

 

6.3.3. Person-Item Fit 

Characteristics of the data can be explored further by investigating measures of person 

item fit. Like the Individual Item Fit Statistics presented in Table 17, Individual Person 

Fit Statistics can be calculated. Table 18 displays the Individual Person Fit Statistics for 

the first twenty participants in the present study. The table shows residual values for 

each of the participants and a location score/estimate. The location score is a logit score 

representative of a person’s performance on all of the items, and can be used to 

represent a total score. 

 

Table 18. Individual Person Fit Statistics 

__________________________________________________ 

ID Total Max Miss Location SE Residual  

____________________________________________________________ 

1 11 54 18  -3.071  0.49 0.684   

2 12 54 18  -2.836  0.48 -0.851    

3 8 54 18  -3.858  0.54 -1.009  

4 9 54 18  -3.581  0.52 -0.414     

5 21 54 18  -1.134  0.41 -1.500     

6 12 54 18  -2.836  0.48 0.112    

7 19 54 18  -1.469  0.42 -1.041     

8 20 54 18  -1.100  0.41 -1.487   

9 11 54 18  -3.071  0.49 1.440     

10 18 54 18  -1.643  0.42 -0.857    

11 18 54 18  -1.643  0.42 0.413  

12 13 54 18  -2.613  0.47 0.504  

13 17 54 18  -1.822  0.43 1.013  
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14 17 54 18  -1.822  0.43 -0.593  

15 31 54 18  0.472  0.40 0.960     

16 14 54 18  -2.402  0.46 -0.143     

17 7 54 18  -4.152  0.56 -0.662    

18 12 54 18  -2.836  0.48 -0.515    

19 17 54 18  -1.822  0.43 -0.922    

20 17 54 18  -1.822  0.43 -0.922     

____________________________________________________________ 

 

Figure 41 demonstrates how a person location score is calculated. The individual’s 

performance on each of the items is plotted onto the population threshold map 

(represented by the symbol ¶).  The person’s location score is then plotted on the map 

according to the positioning of scores (represented by the dark black line).  

 

 

Figure 41. Locating Person Estimates on the Population Threshold Map 

 

The interaction between person and task items can be explored by looking at the 

frequency of logit scores for the persons and items on various distribution graphs. A 

Person-Item Target Map for the population is shown in Figure 42. This map shows that 

frequency of logit values in the population has a quadratic distribution, with most 

children achieving scores in the midline of the logit scale. Figure 43 is an Item Map 

showing the person-item distributions with the items identified. This map ranks the task 

items based on item difficulty, or in this case, the degree to which each of the tasks 

initiated AMs. In Figure 43 the walking on toes task was ranked as the task least 

difficult, followed by finger sequencing and clip pinching tasks which were both ranked 

above the middle of the logit scale (0), having positive locations. The pegboard and 
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walking on heels were ranked next, having similar negative locations along the scale. 

The walking with feet externally rotated task was ranked the most difficult, with the 

task initiating more AMs when children perform a second trial. 

 

 

Figure 42. Person-Item Targeting for the Population 

 

 

 

Figure 43. Item Map  

 

The RUMM program enables grouping variables to be entered. In the present study one 

of the grouping variables was gender. This variable has been plotted in Figure 44, 

showing the frequency of males (blue) and females (red) along the logit scale. This 

figure shows gender differences were present, with males shifted towards the right on 

the logit scale and females to the left, demonstrating that males displayed more AMs 

than the females. 
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Figure 44. Distribution Locations of Boys and Girls 

 

6.4. Conclusion 

This paper has demonstrated that the Rasch Measurement Model is a useful tool to 

examine the characteristics of items commonly used to measure constructs of motor 

behavior. The items included in this study for the assessment of AMs in children were 

found to fit the Rasch Measurement Model well, showing: (1) an excellent fit overall, 

(2) sequentially ordered item thresholds, (3) good item fit, and (4) good person-item fit. 

In addition, the reliability indices were high indicating that very small error variance 

was present. Therefore, it can be concluded that the task items and associated scoring 

scales used in this study are valid and reliable measures of AMs. 

 

In relation to construct validity, the two types of AMs represented by six tasks used in 

this study were all found to be measuring the same underlying construct. The following 

diagram (shown in Figure 45) displays the hierarchical relationship between the tasks 

and AM types used to represent the general construct of AMs. Further research utilising 

Rasch modelling to analyse other tasks used to initiate contralateral and bilateral AMs, 

along with tasks used to initiate other types of AMs (i.e. mimic reactions and 

ipsilateral), will help to further extend the understanding of AMs as a construct. 
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Figure 45. Hierarchical Relationship between Tasks, Types and the Construct of        

                 Associated Movements 

 

In addition to providing valuable information concerning the measurement of AMs, this 

paper has demonstrated some of the unique features of the RUMM 2020 program. 

Firstly, the linearised individual location scores created by the program is representative 

of each individual’s performance on all of the items. This location score can be used 

more efficiently in subsequent analyses than a total raw score which can often be 

influenced by floor and ceiling effects. Secondly, the degree to which the items range 

over logits can be used as an indicator of variation in a particular construct. For 

example, in the present study the items ranged over 11 logits indicating a large variation 

and this is likely to be due to age differences and overall task difficulty. Finally, the 

program allows for the selection of grouping variables, such as age and gender, to see 

the influence that certain characteristics may have on elements of motor behavior. In the 

present study males were found to display increased AMs in comparison to the females. 

Future studies investigating constructs of motor behavior involving the use of ordinal 

scales should consider the use of the Rasch Measurement Model for the analyses of the 

measurement scale and the data. 
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Increased Associated Movements: Influence of 

Attention Deficits and Movement Difficulties



 

 

 

 

 

 

 

 

 

Based on findings presented at the 7
th

 International Conference on Children with DCD:  

 

Licari, M., & Larkin, D. (2007). Is neuromotor dysfunction the underlying cause of 

increased severity of associated movements in children? The 7
th

 International 

Conference on Children with DCD, 6
th

-9
th

 February, Melbourne, Victoria, Australia. 

 

Based on a paper accepted for publication: 

 

Licari, M., & Larkin, D. (2008). Increased associated movements: Influence of 

attention deficits and movement difficulties. Human Movement Science, 27, 310-

324.



 

104 

 

 

7.1. Introduction 

Gradually, as children grow and develop, movement becomes more efficient and precise, 

and the number of AMs that commonly accompany voluntary movement steadily declines. 

Although the neurological mechanisms surrounding AMs remain unclear, they appear to be 

under involuntary control as individuals are unaware of their presence, find them difficult 

to inhibit, and the movements appear to have no direct functional significance to the 

voluntary movement that they accompany (Armatas et al., 1996; Cohen et al., 1967, 1991; 

Geuze, 2004; Hoy et al., 2004b). Observational research investigating AMs in normative 

populations has shown they decrease considerably during middle childhood (Connolly & 

Stratton, 1968; Largo et al., 2001; Wolff et al., 1983). Boys have displayed higher levels of 

AMs than girls of the same age (Largo et al., 2001), possibly due to their differing 

maturation rates (Waber et al., 1985). Also, considerable variability has been found 

between children of the same chronological age (Wolff et al., 1983; Largo et al., 2001) 

which could be attributed to different developmental rates of children influenced by 

maturation and also motor experience.  

 

Children from clinical populations are reported to have higher amounts of AMs when 

compared to normative samples. Increased severities have been found in children with 

intellectual deficits, behavioural problems, physical disabilities, communication problems, 

and learning difficulties (Abercrombie et al., 1964; Cohen et al., 1967; Szatmari & Taylor, 

1984; Wolff et al., 1983). A common characteristic associated with these dysfunctions is 

attention deficits (Waber et al., 1985). Hence, some studies have investigated AMs in 

children with Attention Deficit Hyperactivity Disorder (ADHD) with results primarily 

showing increased AMs for age (Denckla & Rudel, 1978; Lazarus, 1994; Mostofsky et al., 

2003). However, it is unclear why children with ADHD display an abnormal level of 

uninhibited motor behaviours such as AMs. Is it related to dysfunction associated with 

ADHD (such as impairments in response inhibition), or could it be related to movement 

dysfunction that commonly co-occurs in children with ADHD? As the above studies did 

not report the motor ability of children with ADHD, it is not clear whether increased AMs 

are linked to dysfunction associated with ADHD itself or movement difficulties that occur 

in approximately 30% to 50% (Dewey & Wilson, 2001; Kadesjö & Gillberg, 1998; Macnab 

et al., 2001; Pitcher et al., 2003) of children with ADHD.  
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It might be that the symptoms of ADHD lead to movement difficulties or, alternatively, that 

ADHD is related to some form of underlying motor deficit. In order to identify whether this 

is the case, research is needed to identify which movement difficulties are attributable to 

ADHD by ruling out any other possible diagnosable dysfunction that could impact the 

results. As only a few studies have done this, ADHD is associated with a variety of motor 

deficits such as poor balance (Piek et al., 1999; Poeta & Rosa-Neto, 2007; Raberger & 

Wimmer, 2003), decreased fine motor ability (Piek et al., 1999; Pitcher et al., 2003; Poeta 

& Rosa-Neto, 2007), decreased gross motor ability (Harvey & Reid, 1997; Poeta & Rosa-

Neto, 2007) and impaired motor response (Rubia et al., 1999). A study by Pitcher, Piek and 

Barrett (2002) investigated reaction times, speed and peak forces on a sequential finger 

tapping task in children with co-occurring ADHD and Developmental Coordination 

Disorder (DCD), children with ADHD only and a normative sample. They found that: 1) 

children with DCD/ADHD and ADHD were significantly slower than the control group, 2) 

the DCD/ADHD group had poorer initial reaction times and higher peak forces compared 

to the ADHD and control group, and 3) that the initial reaction times and peak forces of the 

ADHD group were no different from the control group. More studies like this are needed so 

that deficits attributable to movement disorders and ADHD can be separated. 

 

This issue has been addressed in relation to AMs in previous research by the author (Licari 

et al., 2006) where children with DCD, children with co-occurring DCD/ADHD, and a 

normative sample were investigated. The research showed that children with DCD and 

DCD/ADHD demonstrated an increased severity of AMs for age when compared to a 

normative sample. However, despite the DCD/ADHD group displaying slightly more AMs 

than the DCD group, no statistical differences were found. These findings partially support 

the claim that increased AMs reflect difficulties in movement. However, the issue of 

whether symptoms associated with ADHD lead to increased AMs remains unclear.  

 

The present study sought to compare AMs in four groups of children: DCD, co-occurring 

DCD/ADHD, ADHD and a normative sample. If the symptoms of ADHD are responsible 

for increased AMs then one would expect that the DCD/ADHD and ADHD groups to 

display increased AMs compared to the other groups. If movement difficulties are 
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responsible for increased AMs then one would expect the DCD and DCD/ADHD groups to 

display increased AMs and the ADHD group to be similar to the normative group.  Finally, 

both movement difficulties and ADHD may contribute to increased AMs, with children in 

the DCD, DCD/ADHD and ADHD groups displaying more AMs than the normative 

sample, and this could be the result of the same underlying neurological abnormality or 

delay associated with both disorders. 

 

It is proposed in this study that movement difficulties are more likely to be the underlying 

cause of increased AMs in children with ADHD due to the fact that: (1) increased AMs 

have long been considered to be a marker of impaired neuromotor functioning (Denckla, 

1985; Geuze, 2004; Largo et al., 2001; Largo et al., 2002), and (2) impaired neuromotor 

functioning is not considered to be a marker of ADHD (APA, 1994) and has not been 

clearly linked to the symptoms of the disorder. Therefore, it was hypothesized that: (1) 

children in the DCD and DCD/ADHD groups would display more severe AMs than the 

ADHD and control groups; (2) children in the DCD/ADHD group would display AM levels 

comparable to the DCD group; and (3) children in the ADHD group without movement 

difficulties would display AM levels comparable to the control group. 

 

7.2. Method 

 

7.2.1. Participants 

Four groups of male children (N = 51) aged 6 to 8 years participated in the study. Group 1 

consisted of 13 children with Developmental Coordination Disorder (DCD); with a mean 

age of 7 years 3 months (SD = 9 months). Group 2 consisted of 13 children with Attention 

Deficit Hyperactivity Disorder (ADHD); with a mean age of 7 years 4 months (SD = 11 

months). Group 3 consisted of 10 children with co-occurring DCD and ADHD; with a 

mean age of 7 years 4 months (SD = 10 months). Group 4 consisted of 15 children 

randomly selected from an age and gender matched normative sample from study 1; with a 

mean age of 7 years 3 months (SD = 11 months). Male children only were studied to 

control for reported differences existing in maturation rates between males and females 

(Waber, et al. 1985), and secondly to account for the higher incidence of males with DCD, 

ADHD and co-occurring DCD/ADHD (Bullock & Watter, 1987; Kadesjö & Gillberg, 
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1998). Children in the clinical groups (groups 1, 2 and 3) required a medical confirmation 

of diagnosis from either a Pediatrician or Clinical Psychologist by meeting the criteria for 

diagnosis from DSM-IV (APA, 1994). Diagnoses were confirmed further using assessment 

procedures outlined below. Any children on stimulant medication were asked to avoid 

medication for at least 24 hours prior to testing to ensure symptoms associated with ADHD 

were not influenced by stimulant medication.  

  

7.2.2. Procedures 

To ensure that children in the clinical groups met their diagnoses, an ADHD questionnaire 

and a movement assessment battery were used to identify movement difficulties. Once 

children had confirmed their appropriate group selection, AMs were assessed. The 

normative sample was obtained from study 1 and, as a result, an ADHD questionnaire was 

not completed by these participants. In study 1, parents and teachers were asked if the 

children had any diagnosed attention dysfunction and, if they did, were excluded from the 

study. 

 

7.2.2.1. Inattention and Hyperactivity/Impulsivity Questionnaire 

Parents of the clinical groups completed the Swanson, Nolan and Pelham questionnaire (4
th

 

version; SNAP-IV; Swanson, 1992). The questionnaire is divided into four subscales. 

Parents completed the first two subscales (see Appendix 11) for this study: inattention 

subscale (items 1-9) and hyperactivity/impulsivity subscale (items 11-19), with parents 

rating their child on a 4-point scale ranked 0 (not at all), 1 (just a little), 2 (pretty much), 

and 3 (very much). Responses were averaged for each subscale and 5% cut-off scores were 

used to determine whether or not a child had difficulties in any of the areas. For the 

inattention subscale, the mean cut-off score is 1.78. Therefore, children in the DCD group 

required a mean score below 1.78, and children in the DCD/ADHD and ADHD groups 

required a mean score of 1.78 or greater. For the hyperactivity/impulsivity subscale, the 

mean cut-off score is 1.44. Hence, children in the DCD group required a mean score below 

1.44, and children in the DCD/ADHD and ADHD groups required a mean score above 

1.44. 
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7.2.2.2. Motor Ability Assessment 

Current levels of motor ability were established using the McCarron Assessment of 

Neuromuscular Development (MAND) (McCarron, 1982). The MAND involves 

assessment of 10 motor tasks (5 fine motor and 5 gross motor). The fine motor tasks are 

beads in a box, beads on a rod, finger tapping, nut and bolt, and rod slide; while the gross 

motor tasks are hand strength, finger-nose-finger, standing broad jump, heel-toe walk and 

standing on one foot. The raw score for each task was converted into a standard score 

determined by using age based norms (McCarron, 1982), and this was summed and 

converted into a Neuromuscular Developmental Index (NDI score). The NDI score has 

been established as valid and reliable (Tan et al., 2001) and therefore is a good indicator of 

current level of motor ability. On the MAND test, children in the DCD and DCD/ADHD 

groups were required to have an NDI score below 85 as this indicated a movement 

difficulty. Children in the ADHD and control groups were required to have an NDI score 

above 90 to indicate that they had no movement difficulties.  

 

7.2.3. Associated Movement Assessment 

Contralateral and bilateral AMs were assessed using modified versions of the Zurich 

Neuromotor Assessment (ZNA) (Largo et al., 2002), the Fog Test (Fog & Fog, 1963) and 

measures from Licari et al. (2006). The tasks used to initiate contralateral AMs included: 1. 

finger sequencing, 2. clip pinching, and 3. pegboard; while the tasks used to initiate 

bilateral AMs included: 4. walking on toes, 5. walking on heels, and 6. walking with feet 

externally rotated. The tasks were performed in the order they are numbered above. The 

AMs displayed on each task were measured qualitatively using a similar measurement scale 

employed by Largo et al. (2001, 2002) that rates the different degree of AMs on a 4-point 

scale: 0 = no movement, 1 = barely visible AMs, 2 = moderate AMs, and 3 = marked AMs. 

Children performed 2 trials of each task, with the preferred and non-preferred hands 

recorded separately on the contralateral AM tasks (each hand performed 2 trials).  

 

The AM data were entered into the Rasch Unidimensional Measurement Model (RUMM) 

2020 program (Andrich, Sheridan, & Luo, 2004). Person location scores, that show where a 

person lies on a response continuum (see Bond & Fox, 2001; Smith & Smith, 2004), were 

created for each child based on the normative population study from Study 1 using the 
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person location map. Rasch modeling is a complex process involving the conversion of 

ordinal counts into linear measures by mathematical modeling, and is a relatively recent 

technique to be used in behavioural based research. Rasch modeling has not been applied to 

the measurement of AMs; however it is an effective approach to create a score 

representative of performance on several items. The person location scores generated from 

the RUMM 2020 program will be referred to as the Rasch AM Score. 

 

7.2.2.4. Statistical Treatment and Analysis 

The inattention, hyperactivity/impulsivity, NDI and Rasch AM scores were entered into 

SPSS version 14.0; and descriptive statistics (Q-Q plots), along with relevant normality and 

homogeneity tests, were used to confirm that the data met all the necessary assumptions to 

perform parametric statistics. Analysis of variance (ANOVA) was applied to ascertain any 

significant differences in scores between groups. Fischer’s Least Significant Comparison 

(Fischer’s LSD) procedures were used to identify where the differences existed. Pearson 

correlation coefficients explored the relationships between AM scores and NDI scores, and 

AM scores and the SNAP subscale scores. 

 

7.3. Results 

 

7.3.1. Inattention and Hyperactivity/Impulsivity Scores 

A one-way, between groups, ANOVA showed a significant difference between groups in 

both the inattention (F = 48.355, p < 0.001) and hyperactivity/impulsivity (F = 58.11, p < 

0.001) subscales. Fischer’s LSD comparison revealed significant differences between the 

DCD and DCD/ADHD groups (p < 0.001), and DCD and ADHD groups (p < 0.001), in 

both the inattention and hyperactivity sub-areas. No significant differences were found 

between the DCD/ADHD and ADHD groups, in both the inattention (p = 0.34) and 

hyperactivity/impulsivity (p = 0.81) subscales. Mean inattention and 

hyperactivity/impulsivity scores are presented in Figure 46. 
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SNAPIn = inattention subscale, SNAPHIm = hyperactivity/impulsivity subscale 

Figure 46. Mean Inattention and Hyperactivity/Impulsivity Scores for the Groups 

 

7.3.2. Current Levels of Motor Ability 

A one-way, between groups, ANOVA showed a significant difference in NDI scores 

between groups overall (F = 41.2, df = 47, p < 0.001). Fischer’s LSD comparison revealed 

a significant difference between the DCD and ADHD groups (p < 0.001), DCD and control 

groups (p < 0.001), DCD/ADHD and ADHD groups (p < 0.001), and DCD/ADHD and 

control groups (p < 0.001). No differences were found between the DCD and DCD/ADHD 

groups (p = 0.70), and the ADHD and control groups (p = 0.84). Mean NDI scores are 

presented for each group in Figure 47. 

 

 

 

 

 

 

 

 

 

 

Figure 47. Mean NDI Scores for the Groups 
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7.3.3. Associated Movements 

A one-way, between groups, ANOVA showed a significant difference in Rasch AM scores 

between the groups overall (F = 14.87, df = 47, p < 0.001, ES = 0.17, Power = 0.85). A 

Fischer’s LSD comparison showed a significant difference between the DCD and ADHD 

groups (p < 0.001), DCD and control groups (p < 0.001), DCD/ADHD and ADHD groups 

(p < 0.001), and DCD/ADHD and control groups (p < 0.001). No significant differences 

were found between the DCD and DCD/ADHD groups (p = 0.19), or the ADHD and 

control groups (p = 0.67). Figure 48 presents the mean Rasch AM score group differences. 

Despite there being no significant differences between the DCD and DCD/ADHD, the 

mean scores presented in Figure 48 demonstrate that the DCD/ADHD group recorded a 

Rasch AM score slightly higher than that of the DCD group. This trend was also evident 

between the ADHD and control group, but not as markedly. 

 

 

 

 

 

 

 

 

 

 

Figure 48. Associated Movement Group Differences 

 

As all the tasks require different types of movement patterns to perform, it might be 

expected that some tasks initiated more AMs in the groups compared to others. A one-way, 

between groups, ANOVA revealed significant differences between the motor difficulties 

and non-motor difficulties groups on the finger sequencing (preferred and non-preferred 

hands active p <0.001), clip pinching (preferred and non-preferred hands active p <0.001), 

pegboard when the non-preferred hand was active (p = 0.03), and walking on heels task (p 

< 0.02). No significant differences were found on the pegboard when the preferred hand 

was active (p = 0.08), walking on toes (p = 0.15) and walking with feet externally rotated 
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task (p = 0.17). Task differences between the groups are presented in Figure 49. In this 

graph it is evident that the pegboard task and walking with feet externally rotated tasks 

initiated the most AMs overall, while walking on toes initiated the least. In Figure 49 it is 

evident that the DCD/ADHD group displayed more AMs than the other three groups on the 

walking on toes task and Fischer’s LSD comparison supports this (p < 0.05). 
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FSPref = finger sequencing preferred hand active, FSNPref = finger sequencing non-preferred hand active, 

CPPref = clip pinching preferred hand active, CPNPref = clip pinching non-preferred hand active, PBPref = 

pegboard preferred hand active, PBNPref = pegboard non-preferred hand active, Toes = walking on toes, 

Heels = walking on heels, Ext = walking with feet externally rotated. 

 

Figure 49. Associated Movement Task Group Differences 

 

 

7.3.4. Relationships between Associated Movement, Motor Ability and SNAP-IV 

Subscale Scores  

The Pearson correlation coefficient between the Rasch AM scores and motor ability scores 

was r = - 0.67, p < 0.001. This moderate correlation further indicates that motor functioning 

is a major contributor to the severity of AMs. The relationship between NDI and Rasch 

scores is presented in Figure 50. Pearson correlations between Rasch AM scores and 

SNAP-IV inattention scores (r = - 0.22, p = 0.22) and hyperactivity/impulsivity scores (r = 

- 0.12, p = 0.49) were low.  
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Figure 50. Relationship between NDI and Rasch AM Scores 

 

7.4. Discussion 

The results confirm and extend earlier observations that the increased expression of AMs 

appears to be more influenced by a lack of movement coordination than symptoms related 

to ADHD (Licari, et al. 2006). This research demonstrated that: (1) children with 

movement difficulties displayed more AMs than children without movement difficulties; 

(2) children with attention difficulties displayed AM levels comparable to that of a 

normative sample; and (3) children with co-occurring movement difficulties and attention 

difficulties, despite showing slightly higher mean Rasch AM scores, displayed AM levels 

not significantly different from that of children with movement difficulties alone. These 

findings are discussed in light of previous research that has explored the functional 

similarities and differences of children with attention difficulties and children with 

movement difficulties.  

 

7.4.1. Associated Movements: Indicator of Movement Difficulties 

It has been proposed that increased AMs in children with ADHD reflect poor response 

inhibition (Mostofsky et al., 2003), and poor response inhibition emphasised as a core 

deficit contributing to atypical cognitive and behavioural functioning (Denckla & Rudel, 
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1978; Mostofsky, Lasker, Cutting, Denckla & Zee, 2001; Mostofsky et al., 2006). The 

present study suggests that increased AMs are not the result of symptoms associated with 

ADHD. Instead, the findings support the claim that increased AMs reflect possible 

neurological dysfunction or motor delay associated with movement difficulties. These 

movements have been included in a variety of assessments as a general measure of motor 

behavior and to identify children with movement difficulties (Denckla, 1985; Largo et al., 

2002), and the results of this study support their use in this context. These movements have 

also been included in assessments as suggested markers of motor impairment specific to 

various disorders, such as ADHD (Stray, Iversen, Stray, Ellertse, & Ruud, 2006), and the 

findings of the present study question their use in these types of clinical assessments.  

 

Although it is clear that elimination of AMs improves the efficiency of movement, few 

studies have investigated the extent to which these movements can be reduced in children. 

Inhibition studies have shown that AMs can be inhibited after a brief period of training with 

verbal feedback (Edwards & Elliott, 1989; Lazarus, 1994; Lazarus & Todor, 1991; Waber 

et al., 1985); however, the retention of this inhibition is not clear. Miyahara, Ginther and 

Green (2007) investigated the influence of AM training on running technique using a small 

sample of children with DCD and found that reduction in AMs was temporary and not 

always associated with improvements in running performance. Further research like 

Miyahara and colleagues (2007) is needed in order to firstly understand the extent to which 

these movements can be inhibited, and secondly to understand the impact that inhibition 

might have on the performance of everyday movement activities. Inhibition of these 

movements may require a considerable amount of attentional resources, so it is possible 

that children with ADHD (i.e. without movement difficulties) may have difficulty 

inhibiting these movements, which may represent a motor impairment reflective of ADHD 

symptoms. Further research is needed to confirm this.  

 

As evident in Figure 49, the tasks initiated varying severities of AMs. The pegboard and 

walking with feet externally rotated tasks initiated the most AMs overall. This indicated 

that these two tasks were the most difficult for the children to perform, thereby leading to 

increased severity of AMs and less differences between the groups. Walking on toes 

initiated the least amount of AMs. This is possibly insignificant because the task was quite 
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easy for the children to perform and resulted in very few AMs. The finger sequencing and 

clip pinching tasks appear to be the most sensitive in discriminating between children with 

movement difficulties compared to those without. Therefore, these tasks are clearly useful 

in present and future movement assessment batteries to identify children with movement 

difficulties.  

 

7.5. Conclusion 

The present study highlights the importance of using a clearly defined sample when 

investigating the motor behaviour of children. If the presence of co-occurring disorders are 

not taken into consideration it can lead to a misinterpretation of the disorder in question. 

The DSM-IV clearly states that the symptoms of ADHD (combined type) are inattention, 

hyperactivity and impulsivity, which can lead to distinct impairments in motor behaviour, 

such as the ability to sit still. But, an inability to sit still is very different from inability to 

execute movement tasks efficiently, and increased AMs are clearly related to an inability to 

execute tasks efficiently. Children in the ADHD group did struggle to keep their attention 

focused on the tasks included in this study at times, particularly tasks that took longer than 

others. However, it did not hamper their ability to execute the tasks efficiently from a 

movement performance perspective. Future movement behavior studies need to control for 

possible co-occurring dysfunction in this disorder (such as DCD) so that a clear 

understanding of possible motor deficits specifically related to ADHD can be obtained. 



 

 

 

Chapter 8 

 

Summary, Conclusions and Recommendations for 

Future Research
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8.1. Summary 

The primary aim of this research was to investigate the proposed relationship between AM 

expression and motor ability in children. The first study investigated this relationship in a large 

sample of typically developing children (N=165). The children were recruited from three 

different school year groups: Group 1 consisted of 52 children (19 boys, 33 girls) in 

school year 1 with a mean age of 6 years and 4 months (SD = 4 months); Group 2 

consisted of 57 children (28 boys, 29 girls) in school year 3 with a mean age of 8 years 

and 3 months (SD = 3 months); and Group 3 consisted of 56 children (27 boys, 29 girls) 

in school year 5 with a mean age of 9 years 11 months (SD = 5 months). 

 

Motor ability was established using the McCarron Assessment of Neuromuscular 

Development (McCarron, 1982) in which children completed 5 fine motor tasks and 5 

gross motor tasks. Fine motor tasks included beads in box, beads on rod, finger tapping, 

nut and bolt and the rod slide, while gross motor tasks included hand strength, finger-

nose-finger, jumping, heel-toe walk and standing on one foot. Scores obtained for each 

task were converted into standard scores using age standardised norms from the 

assessment (Appendix 7), which were then summed and converted into a measure of 

motor ability referred to as the Neuromuscular Developmental Index (NDI score) 

(Appendix 8). Associated movements were measured using six tasks adapted from the 

Zurich Neuromotor Assessment (Largo et al., 2002), the Fog Test (Fog & Fog, 1963), 

and from previous work by the author (Licari et al., 2006). The AM tasks included 3 

contralateral tasks: 1) finger sequencing, 2) clip pinching and, 3) pegboard; and 3 

bilateral tasks: 4) walking on toes, 5) walking on heels and, 6) walking with feet 

externally rotated. The AMs were measured qualitatively based on a measurement scale 

developed by Largo et al. (2001, 2002) that rates AMs on a 4-point scale: 0 = no 

movement, 1 = barely visible AMs, 2 = moderate AMs and 3 = marked AMs. 

 

The AM data were entered into the Rasch Unidimensional Measurement Model 

(RUMM) 2020 program (Andrich, Sheridan & Luo, 2004) and person location estimates 

were created for each child representative of a total AM score (referred to as the Rasch 

AM score). A moderate correlation was found to exist between NDI and Rasch AM 

scores (r = -0.63, p < 0.001). Like other studies investigating the developmental profiles 

of AMs in children, this study found that AMs decreased steadily with age, for both the 

Rasch AM scores and the individual AM scores attained for each task, and that males 

displayed significantly more AMs than females (p < 0.001) of the same chronological 
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age. On the contralateral AM tasks hand differences were investigated to see which 

active hand, the preferred or non-preferred, initiated more contralateral AMs. The active 

non-preferred hand was found to initiate significantly more AMs on the clip pinching 

and pegboard tasks (p < 0.001). No significant differences were found between hands 

on the finger sequencing task (p = 0.931).  

 

The purpose of the second study was to explore the proposed relationship between AM 

expression and motor ability further by investigating whether increased AMs previously 

reported in children with ADHD is reflective of symptomology associated with the 

disorder or movement difficulties which commonly co-occurs in some children with the 

disorder. Four groups of children participated in the study: Group 1 consisted of 13 

children with Developmental Coordination Disorder (DCD) with a mean age of 7 years 

3 months (SD = 9 months); Group 2 consisted of 13 children with ADHD with a mean 

age of 7 years 4 months (SD = 11 months); Group 3 consisted of 10 children with co-

occurring DCD and ADHD with a mean age of 7 years 4 months (SD = 10 months); and 

Group 4 consisted of 15 control children with no movement, attention or behavioural 

disorders. All of the children were male to control for reported gender differences in 

AM expression and also to account for the higher incidence of males with DCD and 

ADHD. Diagnosis of the children was confirmed from either a child paediatrician or 

clinical psychologist. In addition, diagnosis of the children was confirmed using the 

McCarron Assessment of Neuromuscular Development (McCarron, 1982) to ensure that 

children met the movement criteria for their diagnosis, and also an ADHD questionnaire 

(Swanson, Nolan & Pelham, 1992) to confirm that children met the ADHD 

symptomology for their diagnosis. 

 

The children undertook the same AM assessment protocol for Study 1, completing the 

six different AM tasks. The AM data were entered into the RUMM 2020 and person 

location estimates (Rasch AM scores) were created for each child based on the person 

location map from Study 1. A comparison of Rasch AM scores between the groups 

revealed that the DCD and DCD/ADHD groups showed significantly more (p <0.001) 

AMs than the children in the ADHD and control groups. No significant differences 

were found between children in the DCD and DCD/ADHD groups (p = 0.19) or the 

ADHD and control groups (p = 0.67). The findings of this research show that increased 

expression of AMs is not influenced by the symptoms of ADHD. In addition, the 

finding that increased expression of AMs in children with DCD extends the findings 
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from Study 1 showing that AM expression is linked to motor ability. This was 

supported with a moderate correlation between NDI and Rasch AM scores in Study 2 (r 

= -0.67, p < 0.001). 

 

8.2. Conclusions and Recommendations for Future Research 

This research has provided a more detailed understanding of AMs seen in children. 

Both studies have shown the influence that motor ability has on AM expression in two 

unique ways. The first study has shown the link between motor ability and AMs in a 

normative population, and furthered the understanding of how age, gender, task type 

and active hand influence AM expression. The second study has further demonstrated 

the link between motor ability and AMs by showing that symptoms of ADHD do not 

increase the expression of AMs in children with the disorder unless they have a co-

occurring movement difficulty. In addition to the enhanced understanding of AMs in 

children, this research has utilised a measurement model, Rasch modelling, which has 

enhanced the overall significance of the data which can be applied to future research 

using a similar style of measurement in this field.  

 

Based on the finding from this research, the following recommendations are made for 

future research: 

 

 This research explored the characteristics of only two different types of AMs 

involving six different tasks. As mentioned in Chapter 2, there have been other 

types of AMs identified and several different tasks used. Due to the fact that 

very few researchers have investigated the construct validity of these tasks, 

further research is needed to explore their contribution to the construct of AMs. 

 

 This research found that an increased expression of AMs is linked to poor motor 

ability. Future neurological imaging studies using children with movement 

difficulties such as DCD may help to unveil the cause of increased AMs in this 

population and take positive steps towards uncovering the underlying cause of 

these movements in children. 

 

 As the presence of an increased expression of AMs was found in children with 

low motor ability, further research is needed to determine whether intervention 
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to reduce the expression of AMs facilitates improvements in the performance of 

movement skills. 

 

 This research investigated the expression of AMs in only one clinical sample 

(children with ADHD) previously reported to have an increased expression of 

AMs. Research has suggested that other disorders/difficulties might lead to an 

increased expression of AMs such as learning difficulties (Lazarus, 1994) and 

behavioural difficulties (Fellick et al., 2001; Szatmari & Taylor, 1984). 

Although it is likely that poor motor ability and the presence of movement 

difficulties contributes to the increased expression of AMs in these populations 

of children, further research is needed to confirm this. 

 

 Although children with ADHD only were found to have an AM expression 

comparable to that of the normative sample, it is possible that children with 

ADHD might have difficulty inhibiting AMs if asked to consciously suppress 

these movements. This is due to the fact that inhibition may require a certain 

level of conscious attention which might be compromised in children with 

ADHD due to the symptoms associated with the disorder.  

 

 The American Psychiatric Association currently recognises three different types 

of ADHD. This study investigated AMs in one type of ADHD only (ADHD 

combined type). Future studies investigating AMs in this population could 

investigate other types of ADHD, in particular ADHD-PI (predominantly 

inattentive type), to see whether ADHD type alters the expression of AMs. 

Previous studies have suggested that children with ADHD-PI have poorer fine 

motor skills in comparison to children with other types of ADHD (Piek et al., 

1999). Therefore, it would be interesting to see whether this population of 

children with ADHD has an increased expression of contralateral AMs. 
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SCHOOL INFORMATION SHEET 

 

Title: Identifying the Developmental Profiles of Associated Movements in Children 

 

The School of Human Movement and Exercise Science at the University of Western Australia is 

currently conducting a study to investigate associated movements in children. Associated 

movements are involuntary movements that accompany the performance of normal voluntary 

actions and contribute to inefficient movement patterns in children. The incidence of 

associated movements diminishes over the normal course of development as a result of 

maturation and experience leading to improved coordination. 

 

There is currently very little information known about the developmental changes of 

associated movements and its relationship to motor performance during childhood, which will 

be the main emphasis of this study. We invite your school to help us to understand the nature 

of associated movements. Please take the time to read this information sheet as it will give 

you an insight into what the study will involve and what your role will be in helping to making 

this study a success.   

 

What are the aims of this study? 

The aim of this study is to examine the differences in associated movements in children of 

different ages with varying levels of motor performance and experience. Secondly, we aim to 

see whether there are differences in the level of associated movements between boys and 

girls.  

 

Who are the participants needed for this study? 

Approximately 180 children need to be recruited to participate in this study. Your school is 

invited to help recruit some of the children required from years 1, 3, and 5. 

 

Where will the study be held? 

The study can be held at your school if space permits as we will require a small room to 

conduct the research. Alternatively, children can be tested after school or on the weekend at 

the School of Human Movement and Exercise Science at the University of Western Australia if 

this is more convenient.  

 

School of Human Movement & Exercise Science 

The University of Western Australia 

35 Stirling Highway, Crawley WA 6009 

Phone +61 8 6488 3843 

Fax +61 8 6488 1039 

 

Melissa Licari (PhD):  licarm01@tartarus.uwa.edu.au 
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What does the study involve? 

The study requires children to perform a number of physical activities which will be assessed 

by an experienced researcher in the area of motor development. The testing takes 

approximately 45 minutes per child. The activities in the study are both challenging and fun. 

None of the activities are harmful. We will not pressure children to continue if they do not 

want to. Children’s physical activities will be recorded on video for later movement analysis 

that will take place after the data collection is completed. 

 

What will be your school’s role in this study? 

We ask you to send an information sheet and consent form home with children in years 1, 3, 

and 5 which we will deliver to you if you chose to participate. Classroom teachers will need to 

be made aware of the study. Permission slips will be sent back to the school and we will need 

to collect them prior testing. If you are able to allocate us a small room to conduct our testing 

we will come and get children who have returned consent forms one-by-one at a suitable time 

for the classroom teacher. Alternatively, parents can contact us directly to arrange a suitable 

time for testing at the motor development laboratory at our department. 

 

What are the benefits for your school’s involvement in this study? 

Testing of this nature is usually expensive as it provides a substantial amount of information 

regarding current levels of motor performance in children. We would be more than happy to 

give you feedback concerning current levels of motor performance of the year groups involved 

if you would like us to do so. If any children are experiencing difficulties with the performance 

of motor skills, which will be picked up through our testing, we will be able to provide advice 

and assistance. 

 

Thank you for your careful reading of this information sheet. If you are interested in your 

school participating in this research or if you have any questions please feel free to contact us 

via phone or email. 

 

Yours truly, 

 

____________________ 

Melissa Licari 
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PARENT INFORMATION SHEET 

 

Title: Associated Movements in Children 

 

Associated movements are described as involuntary movements that accompany the 

performance of normal voluntary actions. These involuntary movements are present during 

childhood and primarily interfere with the efficient performance of motor tasks. Through the 

normal course of development these movements diminish substantially as a result of physical 

maturation and interaction with the environment. There is currently very little information 

known about the developmental changes of associated movements during childhood and the 

influence of varying levels of motor performance and experience. 

 

Your child is invited to assist us with this study. Please take the time to read this information 

sheet and talk about it with your child. Both you and your child have the right to decide 

whether to take part in this study or not. Taking part is voluntary for both you and your child.  

 

What are the aims of this study? 

The aim of this study is to examine the differences in associated movements in children of 

different ages with varying levels of motor performance and experience. Secondly, we aim to 

see whether there are differences in the severity of associated movements between boys and 

girls.  

 

How were children selected for this study? 

Approximately 180 children need to be recruited to participate in this study. Your child’s 

school was invited to help recruit some of the children needed from years 1, 3 and 5 based on 

their interest in the study and the location of the school. 

 

Where will the study be held? 

The study will be held in a room at your child’s school. Your child will be asked to come and 

participate at a convenient time for the classroom teacher.  

 

What does the study involve? 

School of Human Movement and Exercise Science 

The University of Western Australia 

35 Stirling Highway, Crawley WA 6009 

Phone +61 8 9380 2361  

Fax +61 8 9380 1039 

 

Melissa Licari: licarm01@tartarus.uwa.edu.au 

Dr Dawne Larkin: dlarkin@cyllene.uwa.edu.au  
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Your child will be required to perform a number of fun and enjoyable motor activities. An 

experienced researcher in motor development will assess your child’s performance on these 

motor activities using a developed testing scale. Your child’s performance may be filmed for 

later movement analysis. 

Additionally, we require a parent or guardian to fill out a questionnaire about your child’s 

current level of coordination. This form is attached and we ask that it is returned with your 

child’s consent form.  

 

How long will this take? 

The testing will take approximately 45 minutes to complete. 

 

What are the inconveniences or risks of the study? 

The study does take up 45 minutes of your child’s time. None of the activities are harmful or 

involve anything unpleasant. We will not pressure children to continue at any time if they 

show they do not want to. 

 

What are the benefits of you and your child’s involvement in the study? 

Testing of this nature is usually expensive as it provides a substantial amount of information 

regarding current levels of motor performance in children. We would be more than happy to 

give you feedback concerning your child’s current level of motor performance if you would like 

us to do so. If your child is currently experiencing difficulties with the performance of motor 

skills we will be able to provide advice and assistance. 

 

The activities your child will be asked to perform are both challenging and fun. We hope that 

your child gets some enjoyment from being involved. 

 

Thank you for your careful reading of this information sheet. If both you and your child are 

happy to be involved in this study could you please fill out the attached consent form and 

questionnaire and return them back to your child’s classroom teacher at your earliest 

convenience. 

 

If you have any questions or concerns please feel free to contact us via phone or email. 

 

Yours truly, 

 

____________________ 

Melissa Licari & Dawne Larkin 
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CONSENT FORM 

 

Associated Movements in Children 

Researcher:  Melissa Licari & Dr Dawne Larkin 

I, (parent/guardian)__________________________________________hereby give permission 

for my child ________________________________ to participate in the study outlined above. 

I have read the information provided and any questions I have asked have been answered to 

my satisfaction. 

I agree for my child to participate in the study, realising that he/she may withdraw at any time 

without reason or without prejudice. I have also explained the study to my child who agrees to 

participate. I realise that all information provided is strictly confidential and will not be 

released by the investigators unless the researchers are required to do so by law or unless I 

request it. I agree that research data gathered for the study may be published provided my 

child’s name or other identifying information is not used. 

 

___________________________________    _____________ 

Signature of Parent/ Guardian     Date 

 

___________________________________ 

Signature of Child 
 
 

Please tick the box if you would like feedback concerning your child’s current level of motor 
performance and supply a phone number for us to contact you on. 
 

❒ Yes I would like feedback   Phone:__________________________ 

Does your child have any diagnosed movement, learning, attention or behavioural difficulties:   

❒Yes      ❒ No 

If yes, please specify:______________________________________________________ 

 

The Human Research Ethics Committee at the University of Western Australia requires that all participants are informed 

that, if they have any complaint regarding the manner in which a research project is conducted, it may be given to the 

researcher or, alternatively to the Secretary, Human Research Ethics Committee, Registrar’s Office, University of 

Western Australia, 35 Stirling Highway, Crawley, WA 6009 (Ph: 9380 3703). All study participants will be provided with a 

copy of the Information Sheet and Consent Form for their personal records.  
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SCORE SHEET 

LATERAL PREFERENCE 

 

Name:_______________________ 

 

Tasks 

 

1. Throwing Hand   Trial 1:_________ Trial 2:_________ 

 

2. Drawing Hand   Trial 1:_________ Trial 2:_________ 

 

3. Toothbrush Hand   Trial 1:_________ Trial 2:_________ 

 

4. Writing Hand    Trial 1:_________ Trial 2:_________ 

 

 

Total Right: _________  Total Left:   _________ 

 

 

Handedness:   Right     /      Left 
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SCORE SHEET 

 

McCarron Assessment of Neuromusclar Development 

 

 

Name:________________________  Date:______________________ 

Date of Birth:__________________  Age at Testing:______________ 

 

FINE MOTOR:              Scaled Score 

1. Beads in Box  Right _____ Left _____ Total _____  _________ 

2. Beads on Rod  Open _____ Closed _____ Total _____  _________ 

3. Finger Tapping Right _____ Left _____ Total _____  _________ 

4. Nut Bolt  Large         Small 

100 - ____=____    100 - ____=____ Total _____  _________ 

5. Rod Slide  Right _____ Left _____ Total _____  _________ 

           

  

       Fine Motor Score =  _________ 

GROSS MOTOR: 

6. Grip Strength  Right _____ Left _____ Total _____  _________ 

7. Finger Nose Finger 

 Eyes Open Right _____ Left _____    =  _____ 

 Eyes Closed Right _____ Left _____     = _____ 

       Total _____  _________ 

8. SBJ   Dist _____ Qual _____ Total _____  _________ 

9. Heel-Toe Walk F/W _____ B/W _____ Total _____  _________ 

10. One foot Stand 

 Eyes Open Right _____ Left _____     =      _____ 

 Eyes Closed Right _____ Left _____     =   _____ 

       Total _____  _________ 

 

                 Gross Motor Score =  _________ 

 

       Overall Score = _________ 

       NDI Score =   _________ 
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QUALITATIVE MAND ASSESSMENTS 

 
Finger Tapping 
      Right    Left 
A. Rhythm     _____    _____ 
B. Extraneous hand movements   _____    _____ 
C. Overflow movement in arm   _____    _____ 
D. Distance complete    _____    _____ 
E. Number of taps    _____    _____ 
     Total _____   Total _____ 
 
Rod Slide 
      Right    Left 
A. Changes in speed    _____    _____ 
B. Distractibility     _____    _____ 
C. Head-body shifting    _____    _____ 
D. Extraneous body movement   _____    _____ 
E. Time taken (30 sec max)   _____    _____ 
     Total _____   Total _____ 
 
Finger Nose Finger 
     Eyes Open   Eyes Closed 
     Right Left   Right Left  
A. Arm movement smooth  _____ _____   _____ _____ 
B. Index finger steady   _____ _____   _____ _____ 
C. Contact points   _____ _____   _____ _____ 
D. Elbow bending   _____ _____   _____ _____ 
E. Indenting    _____ _____   _____ _____ 
    Total _____ _____  Total _____ _____ 
 
Jumping 
     Jump 1 Jump 2 Jump 3 
A. Spring    _____  _____  _____ 
B. Use of arms    _____  _____  _____ 
C. Trunk balance   _____  _____  _____ 
D. Landing knees flexed   _____  _____  _____ 
E. Distance jumped   _____cm _____cm _____cm 
    Total _____  _____  _____ 
 
Heel-Toe Walk 
     Forward   Backward 
A. Arm position    _______   _______ 
B. Feet on tape    _______   _______ 
C. Heel to toe distance   _______   _______ 
D. Progression smooth   _______   _______ 
E. Parallel placement of feet  _______   _______ 
    Total _______  Total _______ 
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SCORE SHEET 
 

ASSOCIATED MOVEMENTS 
 

 
 
Name:__________________________   Hand Preference:  Right  /  Left 
 
 
Contralateral AM Tasks: 
 
1. Finger Sequencing   Trial 1  Pref:_________ Non-Pref:_______ 
         Trial 2  Pref:_________ Non-Pref:_______ 
     Total:________        Total:_______ 
 
2. Clip Pinching    Trial 1 Pref:_________ Non-Pref:_______ 
        Trial 2 Pref:_________ Non-Pref:_______ 
     Total:________        Total:_______ 
  
3. Peg Board    Trial 1   Pref:_________ Non-Pref:_______ 
            Trial 2   Pref:_________ Non-Pref:_______ 
       Total:________        Total:_______ 
 
 
Bilateral AM Tasks: 
 
4. Walking on Toes      Trial 1: __________ 
       Trial 2: __________ 
            Total: __________ 
 
5. Walking on Heels     Trial 1: __________ 
       Trial 2: __________ 
            Total:__________ 
 
6. Walking with Feet Externally Rotated  Trial 1: __________ 
       Trial 2: __________ 
          Total:__________ 
 
 
Comments:____________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________
_____________________________________________________________________________  
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School of Human Movement & Exercise Science 

The University of Western Australia 

35 Stirling Highway, Crawley WA 6009 

Phone +61 8 6488 2361  

Fax +61 8 6488 1039 

 

Melissa Licari: licarm01@tartarus.uwa.edu.au 

 

PARENT INFORMATION SHEET 

 

Title: Identifying the Developmental Profiles of Associated Movements in Children 

 

Associated movements are described as involuntary movements that accompany the 

performance of normal voluntary actions. These involuntary movements are present during 

the normal course of motor development and diminish substantially with age. Present 

research exploring involuntary movements in children have suggested that children with 

coordination and/or attention difficulties show an increased level of associated movements for 

their age. Further research is needed to clarify this, which will be the major aim of the study 

outlined below. 

 

Your child is invited to assist us with this study. Please take the time to read this information 

sheet and talk about it with your child. 

 

What are the aims of this study? 

The aim of this study is to examine the differences in associated movements in boys aged 6 to 

8 years with difficulties in either coordination, attention, or both. 

 

How are children selected for this study? 

Approximately 60 children are needed for this study. Children will be recruited from either a 

child paediatric clinic or from a motor learning program in the metropolitan area. 

 

Where will the study be held? 

The study will be held in a movement laboratory at the School of Human Movement & Exercise 

Science. 

 

What does the study involve? 

Your child will be asked to perform a number of fun and enjoyable motor activities. An 

experienced researcher in motor development will assess your child’s performance on these 

motor activities using a developed testing scale. Your child’s performance may be filmed to 

confirm assessment scores on each of the tasks. Additionally, we require a parent or guardian 

to fill out a questionnaire about your child’s current level of coordination and attention. 
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How long will this take? 

The testing will take approximately 1 hour to complete. 

 

 

What are the inconveniences or risks of the study? 

The study does take up 1 hour of your child’s time. The activities your child will be asked to 

perform are both challenging and fun. We hope that your child gets some enjoyment from 

being involved. We will not pressure children to continue at any time if they show they do not 

want to. 

 

What are the benefits of involvement in the study for you and your child? 

Testing of this nature provides a substantial amount of information regarding current levels of 

motor performance in children. We will be able to provide you with detailed feedback and a 

report concerning your child’s current level of motor performance. If your child is currently 

experiencing difficulties with the performance of motor skills we will be able to provide advice 

and assistance. 

 

Thank you for your careful reading of this information sheet. If both you and your child are 

happy to be involved in this study would you please fill out the attached consent form and 

return it to the school at your earliest convenience. Once the form is received I will be in 

contact with you during October-November 2005 to organise a suitable time for you and your 

child to come to the school for assessment. 

 

If you have any questions or concerns please feel free to contact me via (6488 2361) phone or 

email. 

 

Yours truly, 

 

____________________ 

Melissa Licari (PhD candidate) 

 

 

 

 

 

 

 

 



155 

 

 

 

 

CONSENT FORM 

 

Identifying the Developmental Profiles of Associated Movements in Children 

Researcher:  Melissa Licari & Dr Dawne Larkin 

I, (parent/guardian)__________________________________________hereby give permission 

for my child ________________________________ to participate in the study outlined above. 

I have read the information provided and any questions I have asked have been answered to 

my satisfaction. 

I agree for my child to participate in the study, realising that he may withdraw at any time 

without reason or without prejudice. I have also explained the study to my child who agrees to 

participate. I realise that all information provided is strictly confidential and will not be 

released by the investigators unless the researchers are required to do so by law or unless I 

request it. I agree that research data gathered for the study may be published provided my 

child’s name or other identifying information is not used. 

 

 

___________________________________    _____________ 

Signature of Parent/ Guardian     Date 

 
Contact Number:__________________________ 

 

Does your child have any diagnosed movement, learning, attention or behavioural difficulties:   

❒Yes      ❒ No 

If yes, please specify:________________________________________________________ 

_________________________________________________________________________ 

_________________________________________________________________________ 

The Human Research Ethics Committee at the University of Western Australia requires that all participants are informed 

that, if they have any complaint regarding the manner in which a research project is conducted, it may be given to the 

researcher or, alternatively to the Secretary, Human Research Ethics Committee, Registrar’s Office, University of 

Western Australia, 35 Stirling Highway, Crawley, WA 6009 (Ph: 6488 3703). All study participants will be provided with a 

copy of the Information Sheet and Consent Form for their personal records.  
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The SNAP-IV Teacher and Parent Rating Scale 
 

M. Swanson, Ph.D., University of California, Irvine, CA 92715 

 

 

Name:________________________ Gender:_________ Age:_________ Year:_________ 

 

Completed by:_____________________________________________  

 

 

For each item, circle the number corresponding to the scale below which best describes 

your child:  
 

0 = Not At All     

1 = Just A Little     

2 = Quite a Bit     

3 = Very Much 
 

Inattention Subscale 
 

1. Often fails to give close attention to details or makes careless mistakes in schoolwork or tasks 0  1  2  3 

2. Often has difficulty sustaining attention in tasks or play activities     0  1  2  3 

3. Often does not seem to listen when spoken to directly      0  1  2  3 

4. Often does not follow through on instructions and fails to finish schoolwork, chores, or duties  0  1  2  3 

5. Often has difficulty organizing tasks and activities      0  1  2  3  

6. Often avoids, dislikes, or reluctantly engages in tasks requiring sustained mental effort   0  1  2  3 

7. Often loses things necessary for activities (e.g., toys, school assignments, pencils, or books)  0  1  2  3 

8. Often is distracted by extraneous stimuli       0  1  2  3 

9. Often is forgetful in daily activities        0  1  2  3 

10. Often has difficulty maintaining alertness, orienting to requests, or executing directions  0  1  2  3 

 

 

Hyperactivity/Impulsivity Subscale 
 

11. Often fidgets with hands or feet or squirms in seat      0  1  2  3 

12. Often leaves seat in classroom or in other situations in which remaining seated is expected  0  1  2  3 

13. Often runs about or climbs excessively in situations in which it is inappropriate   0  1  2  3 

14. Often has difficulty playing or engaging in leisure activities quietly    0  1  2  3 

15. Often is “on the go” or often acts as if “driven by a motor”     0  1  2  3 

16. Often talks excessively         0  1  2  3 

17. Often blurts out answers before questions have been completed     0  1  2  3 

18. Often has difficulty awaiting turn        0  1  2  3 

19. Often interrupts or intrudes on others (e.g., butts into conversations/games)    0  1  2  3 
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