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Summary and  
general discussion

 

Movement therapy tries, by appealing to the mental patient in his experi-
ences, to improve the psychic condition of the patient.  

 In order to maintain oneself in society psychically in an adequate way, one 
must — to a certain degree — be able to move about in space and time. 

One must be able to be ‘present’, to dare to face dangers, more or less to 
dare to present oneself, to ‘be’ there…. (Salomé-Finkelstein, 1967)
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In this thesis the relationships between psychiatric problems and gross motor 
performance in children were investigated. Two empirical approaches were 
followed: one in which gross motor performance was assessed in school–
aged children with serious behavioural or emotional problems that came to 
the attention of child psychiatric services, the other consisting of assessing 
behavioural and emotional problems in children referred to adapted physi-
cal activity programs because of motor problems. In addition, a new tool 
(named PsyMot) for diagnosing (psycho)motor performance in children with 
psychiatric disorders was developed. 

After an introduction of the topic of study (Chapter 1), highlighting that psy-
chiatric and gross motor problems often seem to go hand in hand, this rela-
tion was explored in greater depth in a literature review (Chapter 2). For 
this purpose, psychiatric disorders were divided into three main groups, viz. 
emotional (anxiety and depression; internalizing problems), behavioural (at-
tention deficit/hyperactivity disorder (ADHD), oppostional defiant disorder 
(ODD), conduct disorder (CD); externalizing problems) and pervasive de-
velopmental disorders (pervasive developmental disorder, PDD; or autism 
spectrum disorders). On the whole, children from all three groups displayed 
poor gross motor skills relative to healthy controls, supporting the idea that 
poor motor performance may serve as a marker for a broad range of neu-
rodevelopmental disorders (Erlenmeyer-Kimling et al., 2000; Rasmussen and 
Gillberg, 2000; Vance, Arduca, Sanders, Karamitsios, Hall, and Hetrick, 2006).  
Moreover, two specific gross motor skills, maintaining balance and ball skills, 
were identified as being of special relevance with regard to the psychiatric 
diagnosis. Balance problems proved to be most prevalent in children with 
emotional, and more in particular, anxiety problems, whereas ball skills ap-
peared to be affected predominantly in children with the inattentive subtype 
of ADHD, a subgroup of the children with behavioural problems. Children 
with pervasive developmental disorders showed severe impairments across 
the entire spectrum of gross motor skills.  Furthermore, the majority of the 
children with psychiatric disorders perceived themselves as incompetent in 
the motor domain, except for children with ADHD who tended to overesti-
mate themselves.  

The data of the first empirical study presented in Chapter 3 confirmed the 
overall hypothesis, which was derived from the review that children with 
psychiatric disorders indeed perform poorly on gross motor skills. In addi-
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tion, neuromotor and aerobic fitness in these children was poor. Besides this 
general picture, specific characteristics for the three groups emerged.  
BB In children with emotional disorders, gross motor impairments were not 

as severe compared to the two other groups, although their physical fit-
ness was equally low. Furthermore, locomotion and object control skills 
were unrelated in this group, a finding that sets them apart from children 
in the other two groups as well as from typically developing children. In 
view of the variable patterns of gross motor impairments in children with 
emotional disorders it is recommended to pay special attention to indi-
vidual assessments of motor problems, in order to provide adequate psy-
chomotor interventions to these children, a topic that will be addressed 
later. 

BB Although children with behavioural disorders performed worse on gross 
motor skills than those with emotional disorders, this was especially true 
for the locomotion subdomain, a finding that is at odds with studies indi-
cating that ball skills are affected most in these children (Livesley, Keen, 
Rouse, and White 2006; Pitcher, Piek, and Hay, 2003). Furthermore, and 
in line with earlier findings (Harvey and Reid, 2003), both neuromotor 
and aerobic fitness were clearly impaired in children with behavioural 
disorders. 

BB Children with pervasive developmental disorders not only showed the 
largest impairments in both locomotion and object control skills, but 
the correlation between their scores for these subdomains was also sig-
nificantly higher compared to the other psychiatric groups and typically 
developing children. Moreover, neuromotor and aerobic fitness scores 
were low, and several fitness measures correlated significantly with gross 
motor measures in this group. As will be discussed later, the findings in 
this group support the connectivity hypothesis with respect to autism 
spectrum disorders (Belmonte, Allen, Beckel-Mitchener, Boulanger, 
Carper, and Webb, 2004; Dyck, Piek, Hay, Smith, and Hallmayer, 2006). 

Chapter 4 reports an experiment concerning the question if gross motor 
impairment in children with emotional disorders might be related to bal-
ance problems. Inspired by earlier research (Erez, Gordon, Sever, Sadeh, 
and Mintz, 2004), a sample of 11 children from our group of children with 
emotional disorders showing the highest anxiety, and a control group of 13 
typically developing children, performed balance tasks. As expected, balance 
in the high anxious children was less stable and more attention demanding 
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(i.e. less automatized), which was most prominent when the balance task 
was made more difficult by replacing the stable underground by an instable 
(foam) surface. These findings may indicate that balance problems may be 
(partly) responsible for the motor problems in children with emotional disor-
ders. The fact that object control was affected more than locomotion could 
be explained by its more attention demanding nature. Object control tasks 
are more difficult, because one has to maintain an upright balance while 
handling an object in a prescribed way, than maintaining dynamic balance in 
a locomotion task without an additional object handling task.  

Chapter 5 is concerned with children who were referred to a well known, 
adapted physical activity program in the Netherlands (‘ClubExtra’). The re-
ferral was based on gross motor impairments being noticed by their school 
teachers. Psychosocial and psychiatric assessment of these children indicat-
ed that many of them exhibited symptoms of emotional, behavioural and/
or pervasive developmental disorders, and even met criteria for at least one 
psychiatric classification. Furthermore, these children perceived themselves 
incompetent in both the motor and social domain. 
Anxiety disorders were most prevalent, which is in line with the evidence for 
a neurobehavioral link between balance and anxiety problems, as presented 
in Chapter 4.  Furthermore, about one quarter of the children met the crite-
ria for pervasive developmental disorders: key symptoms of autism, such as 
stereotyped behavior and fear of and resistance to change were abundant. 
These findings are compatible with results of studies indicating that children 
with poor motor coordination are prone to deficits in social cognition and 
behavior (Chen, Tseng, Hu, and Cermak, 2009; Cummings, Piek, and Dyck, 
2005; Dewey, Kaplan, Crawford, and Wilson, 2002; Tseng, Howe, Chuang, 
and Hsieh, 2007) and with the suggestion of a common neurobiological link 
between motor problems and autism spectrum disorders (Allen, Müller, and 
Courchesne, 2004; Belmonte, Allen, Beckel-Mitchener, Boulanger, Carper, 
and Webb, 2004; Piek and Dyck, 2004). 

In view of the close relation between psychiatric disorders and gross motor im-
pairments in children, it seems important to complement psychiatric diagnosis 
with an assessment of motor behaviour. Chapter 6 concerns the development 
and content of the PsyMot, a tool for psychomotor diagnosis. In the PsyMot 
procedure, the child is observed in standardized situations and questioned in 
a semi-structured way about self-perceived motor competence and body-ex-
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perience. In view of the importance and meaning of social bodily play from a 
neurodevelopmental perspective (Johnson, 2011; Nelson and Luciana, 2008; 
Sheets-Johnstone, 2003; Smith, 2010), observation of the child’s movement 
behaviour in interaction with a peer is also part of the PsyMot procedure. 

The item pool was based on the (sub)domains of the International Classifi-
cation of Functioning, Disability and Health for Children and Youth(ICF-CY) 
(WHO, 2003, 2007). The procedure leads to standardized scores for two do-
mains, ‘functions’ and ‘activities and participation’, and seven cluster scores, 
indicating topics in need of treatment. These clusters include body accep-
tance, participation and enjoyment, perceived physical and motor compe-
tence, motor performance, self-control, self-confidence and self-expression 
and, finally, playing and interacting with peers. The aim of the PsyMot test 
differs from the aim of well-known tests of motor performance like the 
Movement ABC (Henderson and Sugden, 1992) and the TGMD-II (Ulrich, 
2000) that was used in the studies reported in this thesis. That is, the PsyMot 
is meant to decide if a child is indicated for movement- and body-oriented 
therapy, and to formulate personalized treatment goals. Although gross mo-
tor behaviour is the vehicle of the treatments in question, the spectrum of 
treatment targets is broader and includes experiential goals such as improv-
ing body acceptance and awareness and enhancing bodily self-expression, 
behavioural goals such as regulating energy and controlling impulsive move-
ments, and social goals such as learning to play with peers and becoming 
‘kinesthetically atuned’ (Sheets-Johnstone, 2003). In several small studies 
(Broekman and ten Tusscher, 2008; de Jong and Klinkenberg, 2009; Ritbergen 
and Coenen, 2010; Sterk, 2011)2 , the psychometric quality of the PsyMot in 
terms of interrater reliability, internal consistency and concurrent validity of 
the cluster scores proved to be adequate, but further investigation is needed 
before definite conclusions about reliability and validity can be drawn. 

Theoretical implications 
The findings of the studies presented in Chapters 2-5 are in line with current 
neurodevelopmental theories, which will be addressed below in relation to 
the three main child psychiatric groups that were studied.  Psychosocial per-
spectives are also important, and thus included in the diagnostic tool pre-
sented in Chapter 6, especially in view of interaction between environmental 
influences and brain development.  

2  These studies concern unpublished master theses.
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First, our findings concur with theories about shared neuronal networks in-
volved in balance and anxiety regulation, especially in the brainstem. The 
parabrachial nucleus is the core of the neural circuitry where interaction be-
tween amygdala-based emotional conditioning and cerebellum-based mo-
tor conditioning takes place (Balaban and Thayer, 2001; Erez et al., 2004). 
A detailed description of this neuronal network is beyond the scope of the 
present thesis (e.g. Balaban and Thayer, 2001), but it is involved in emotional 
learning, whereas its motor output may produce emotional responses. Al-
though the causal direction, i.e., whether motor problems trigger anxiety or 
vice versa, has not yet been ascertained (Bart, Bar-Haim, Weizman, Levin, 
Sadeh, and Mitz, 2008), it appears that a process of mutual reinforcement 
between anxiety and motor problems plays an important role at the behav-
ioural level. Moreover, the cerebellum is involved in conditioning processes 
related to implicit memory, and thus in the formation of associations be-
tween anxious feelings and balance (Erez et al., 2004; Johnson, 2011). 

Second, the cerebellum may also be involved in pervasive developmental 
disorders. The cerebellar circuitry is essential for motor performance, but 
atypical cerebellar activity – or developmental damage to the cerebellum 
- has also been frequently reported for autism (Allen et al., 2004; Allen and 
Courchesne, 2003; Belmonte et al., 2004). However, this atypicality has been 
reported for many neurodevelopmental disorders (Diamond, 2000; Piek and 
Dyck, 2004), whereas in the case of autism atypicalities are not restricted 
to the cerebellum, but are widespread across several other brain regions 
(Bloom, Nelson, and Lazerson, 2001; Johnson, 2011). Nevertheless, the cer-
ebellum is of special interest, because it is both involved in motor function-
ing and in serving ‘higher’ cognitive functions (Diamond, 2000), in particular 
mentalizing or ‘theory of mind’, i.e., the ability to understand and interact 
with other people on the basis of comprehending another’s thought pro-
cess, feelings, beliefs, and knowledge. It is also known that children with 
PDD generally show deficits in aspects of ‘theory of mind’. According to Allen 
et al. (2004) dysfunctioning of the cerebellum ‘… might be a key contributor 
to the development of certain diagnostic features of autism’ (p. 269). These 
considerations are reinforced by our studies which not only showed severe 
gross motor problems in children with pervasive developmental disorders, 
but also that children selected on the basis of poor gross motor performance 
showed a high prevalence of symptoms of these disorders.  
To summarize, we agree with the suggestion of Allen et al. (2004), Belmonte 
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et al. (2004) and Piek and Dyck  (2004) that cerebellar dysfunction consti-
tutes a common neurobiological link between motor problems and PDD. 
However, the cerebellum is not the only brain structure involved in PDD. For 
instance, it has been demonstrated that cerebellar abnormality in autism is 
associated with abnormal brain connectivity such that the development of 
high local neural connectivity coincides with low long-range neural connec-
tivity, which impairs the coordination of several functions (Baron-Cohen 
and Belmonte, 2005; Belmonte et al., 2004). According to Mostofsky, Bur-
gess, and Gidley Larson (2007) this may contribute to impairments in the 
development of complex motor skills and communicative gestures that are 
specific for autism. The remarkably high correlation between locomotion 
and object control scores in children with pervasive developmental disor-
ders, which is in agreement with the conclusion of Dyck, Piek, Hay, Smith, 
and Hallmayer (2006) that ability domains in these children are abnormally 
dependent, seems consistent with a ‘connectivity hypothesis’ with regard 
to autism: the weaker the interconnections between different brain struc-
tures, the stronger the negative effects on the different functions served by 
those structures.

Third, we would like to address the findings in children with behavioural 
problems. According to Krain and Castelanos (2006), several brain structures 
are involved in ADHD, but ‘the most robustly deviant region in brain associ-
ated with ADHD is the cerebellum’ (p. 441).  Notwithstanding this resem-
blance of ADHD with PDD, the significantly lower correlation between lo-
comotion and object handling scores in the former than in the latter group 
suggests that the neurodevelopmental mechanisms underlying these disor-
ders might be different. In this regard, we refer to the neurodevelopmental 
view on ADHD as presented by Halperin and Healy (2010). They suggest that 
the clinical outcomes in ADHD reflect an interaction between deviant corti-
cal development and compensatory mechanisms that develop throughout 
childhood. Especially in childhood, the period of the greatest neural plastic-
ity, environmental enrichment by directed play and physical exercise could 
positively influence symptoms of ADHD by improving core neural deficits 
(Halperin and Healy, 2010). This leads to the speculation that therapeutic 
interventions such as psychomotor therapy might be more successful in tar-
geting key symptoms in children with ADHD than in children with pervasive 
developmental disorders.
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We finally would like to stipulate that the neurobiological account of the 
relationships between psychiatric disorders and gross motor behaviour does 
not preclude the role of psychosocial and environmental factors. In particu-
lar, as has been suggested by Cairney (2010), an environmental factor may 
be responsible for the co-occurrence of gross motor problems and emo-
tional disorders. Motor problems may lead to ridicule, exclusion from social 
play with peers, and social isolation, which in turn may shape psychological 
distress (Cairney, Veldhuizen, and Szatmari, 2010), a point of view that we 
endorse. This may be illustrated by the fact that we chose to include items 
such as self-perceived competence, body experience, and interactional bod-
ily play in the PsyMot.  
We also agree that many genetic, biological and environmental interactions 
are still unknown and that we therefore should not favour one explanatory 
paradigm (psychosocial vs biological) over another. The influence of power-
ful environmental factors on brain development and functioning is increas-
ingly recognised with respect to ADHD (Halperin and Healy, 2010; Sonuga-
Barke and Halperin, 2010), providing support for movement interventions 
from neurobiological, environmental and psychosocial perspectives. Based 
on the notion of environmental enrichment as a powerful factor to influence 
neurodevelopment, Halperin and Healy (2010) proposed directed play and 
physical exercise as a means to promote brain growth and influence the un-
derlying neural determinants of ADHD. Therefore, we consider the acknowl-
edgement of a complex interplay between environmental factors and neu-
rodevelopmental processes of outstanding importance for the development 
of diagnostic tools as well as for interventions.    

Limitations and recommendations 
As in any study, the studies presented in this thesis have their limitations. 
Firstly, although random selected samples drawn from well-defined popula-
tions would have been preferable, this was hampered by practical considera-
tions. Instead, convenience samples were recruited from settings all over the 
country, which was regarded the second best choice to guarantee their repre-
sentativity with regard to the clinical populations in question. Although most 
children were tested before they took part in interventions aimed at improving 
their functioning, some of them had already started to take part in the adapt-
ed physical activity intervention (ClubExtra). It seems difficult to conceive, 
however, that this factor would have influenced the relationships between the 
psychiatric and movement variables investigated in the studies in question.
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Secondly, the TGMD-II (Ullrich, 2000) was selected to measure gross mo-
tor performance instead of the more widely used MABC, a choice that lim-
ited the possibilities to comparing our results with other studies in the field 
of DCD. However, this drawback is outweighed by several advantages, like 
the types and broad range of basic movement skills covered, and the fact 
that the quality of movement performance would be assessed. The latter 
aspect may be regarded as more relevant than the performance in terms of 
outcome measures used in the MABC. Moreover, there is increasing doubt 
about the status of the MABC as ‘gold standard’ for motor assessment, in 
particular with regard to its validity and discriminatory accuracy (see van 
Waevelde, de Weerdt, de Cock, and Smit-Engelsman, 2004; Venetsanou, 
Kambas, Ellinoudis, Fatouros, and Giannakidou, 2010). Furthermore, the 
TGMD-II is gaining ground in the field of gross motor research in children 
(see for instance Bonifacci, 2004; Harvey and Reid, 2005; Pan, Tsai, and Hu, 
2009).  For future research, it seems advisable to use both the MABC and 
the TGMD-II – in typically developing children as well as in children with neu-
rodevelopmental disorders - to gain insight into their as yet unclear rela-
tionship. Preferably, this research should include longitudinal cohort studies 
within a neurodevelopmental approach, as recommended by Cairney (2010) 
and Gillberg (2010), because this approach is believed to shed more light on 
the causal relationships between the investigated variables than the correla-
tional approach used in our studies. 
Finally, the development of the PsyMot is still in its infancy. There is an ur-
gent need for such an instrument for standardised clinical assessment aimed 
at indicating children for specific movement- and body-oriented (i.e. psycho-
motor) interventions. Although a number of relatively small-scaled unpub-
lished studies seem to support the psychometric qualities of the PsyMot, fur-
ther studies into these qualities and its usefulness for guiding (psychomotor) 
therapists in selecting appropriate interventions is necessary. 

Clinical implications
Given the results of the studies presented in this thesis, and in line with neu-
rodevelopmental perspectives (Gillberg, 2010), we recommend gross motor 
assessment as an integral part of the diagnostic procedure in child psychia-
try. In that respect the TGMD II could serve as the instrument of choice be-
cause the quality of the movement pattern is assessed for several relevant 
skills. Moreover, it provides directives for remediating the observed impair-
ments. However, we agree with Cairney, Missiuna, Veldhuizen, and Wilsson 
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(2008) that not only observable motor problems should be assessed, but 
self-appraisal in the motor domain as well. Therefore a test to measure self-
perceived motor competence should also be administered. If further inves-
tigations should bear out that the psychometric qualities of the PsyMot are 
indeed satisfying, this tool could be used to cover motor performance and 
self-perceived motor competence, as well as body experience and interac-
tional aspects of movement behaviour. 

Next to advocating motor assessment in children referred to psychiatric 
treatment, we would also like to recommend screening for psychosocial and 
psychiatric symptoms in children with gross motor impairments. Apart from 
the results of the study reported in Chapter 5, the evidence that motor prob-
lems may be predictive for anxiety disorders (Piek et al., 2010) and schizo-
phrenic disorders (Erlenmeyer-Kimling et al., 2000) indicates that the devel-
opment of children with motor impairments should be closely monitored.

Finally, we would like to make a plea for the inclusion of psychomotor thera-
py in the treatment of children with psychiatric disorders. Although the pros 
and cons of psychomotor therapy are beyond the scope of this thesis, the 
interconnections and interactions between psychiatric disorders and gross 
motor impairments, which are addressed in psychomotor therapy, as well as 
theoretical accounts of their relationship, supports its use in child psychiatric 
practice. 
However, motor interventions in child psychiatry exceed practicing selected 
gross motor skills. For instance, it is known that the practice of physical skills 
is only useful if it is accompanied by an enhancement of self-concept (Dewey 
and Wilson, 2001; Peens, Pienaaar, and Nienaber, 2008). For children with 
neurodevelopmental disorders and psychiatric symptoms, it becomes even 
more complicated to tailor the intervention to the specific needs of the child. 
Thus, motor interventions become psychomotor interventions, and treat-
ment goals range from experiential, to behavioural and social.

Fortunately, the awareness that children with psychiatric disorders may ben-
efit from movement- and body-oriented treatment approaches is increasing, 
and neurodevelopmental theories about possible mechanisms underlying 
their effects emerge (see for instance Halperin and Healy, 2010).  In this re-
gard, the advice of Rutter, Taylor, and Hersov (1994) is noteworthy: “If a par-
ticular therapy is envisaged, assessment in that mode is usually indicated” 
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(p. 30). Individual assessments by the use of the PsyMot might enhance the 
effects of specific psychomotor therapies.  

To conclude, children who come to the attention of a child psychiatric ser-
vice deserve standard assessment of gross motor performance, regardless 
of the type of psychiatric symptoms they present. Moreover, adequate psy-
chomotor assessment aimed at indicating children for movement-oriented 
interventions is advisable. If clinicians overlook problems in the motor do-
main, the child is at risk of developing additional psychosocial problems, low 
physical fitness and associated health problems. Diagnosing motor problems 
at an early stage may not only prevent these additional problems, but may 
also serve to offer promising movement interventions that enhance brain 
development. 
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