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LATERALITY IN A CHILDPSYCHIATRIC POPULATION

A. Voorthuis, S0472352

Objective: In this study we addressed the questibhe/hether there is a relation between the
specialization of the brain and psychopathology, @) if there is a relationship between the
specialization of the brain and performance oredgiit academic measures. Method: We
used the Finger Tapping Task (FTT) to assess nmatnraf the brain as measured by fine
motor speed, and lateralization of the brain assureal by the difference in speed between
both hands. Both maturation and lateralizationusexd as a measure of specialization of the
brain. The participants were children in the agb tf 18 years old and were assigned to five
distinct diagnostic groups: Mood problems (n=1B&havior problems (n=82), Autism
spectrum Disorders (n=106), Attention Deficit Hypetivity Disorder (n=190) and Learning
problems (n=44). The diagnostic groups differ wéard to age and gender. Results: We
found that children with an autism spectrum disost®w delayed fine motor lateralization.
We were also able to determine that the differentéise motor speed between the different
diagnostic groups get larger with age indicatirgg ttelayed maturation gets more evident
while children get older. Looking at the academeasures, we found that a more matured
brain, as measured with fine motor speed, is astatiwith better academic performance,
even when controlled for age. Conclusion: Autisracspum disorders can be differentiated
from other disorders when looking at lateralizatidrthe brain. A more matured brain is
associated with a significant higher level of acadeperformance for math, reading and

writing.

Keywords: Specialization of the brain; Maturation; Latezalion; Fine motor skills;
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In the developing brain, there are several sposatomical growth, like in infancy,
at the age of 7-10 years and a final importanttsguning early adolescence (Anderson,
Northam, Hendy, & Wrennall, 2005). In concordangthwhis anatomical growth, the
cognitive development also shows a stage-like dgwveént that is roughly consistent with the
cerebral development (Anderson, Northam, Hendy, &Wdall, 2005). An important aspect
of this development is the specialization of thaitoAnderson, Northam, Hendy, &
Wrennall, 2005). Specialization of the brain isiaebad by roughly four growth mechanisms,
first the development of cell bodies; second, #lective cell death; third dendritic and axon
growth and fourth the formation of synaptic coni@td (Anderson, Northam, Hendy, &
Wrennall, 2005). Building up to a specific netwanchitecture to support behavior, one
aspect of specialization is the difference betwereft and right hemisphere in both
anatomy and in function (Kolb, & Whishaw, 2009).eT$pecialization of the hemispheres can
be referred to as lateralization. More specifiterialization of function refers to qualitative
differences between the hemispheres in the nafypeoessing information and controlling
different behavior (Bradshaw & Nettleton, 1983; Ko& Whishaw, 2009). The distinction
between the left and right hemisphere is charasdrby the left hemisphere being
predominantly involved in language processing agrdgoming analytic and sequential
actions, and the right hemisphere being dominaatritore “holistic” processing style when
performing mental tasks entailing spatial and sgtithacts (Kolb, & Whishaw, 2009;
Anderson, Northam, Hendy, & Wrennall, 2005; Brads&aNettleton, 1983). The
lateralization process is a developmental proaessich the specialization of the brain
increases with age (Anderson, Northam, Hendy, &Wadl, 2005). This specialization of the
brain results in more efficiency in processing &ndne of the factors that supports coping
with developmental tasks. Lateralization is therefan important way to determine the
guality of the development of the brain of children

The main idea is that a more lateralized brainnsoae matured brain, and therefore
related to better performance on processing ofimédion and responding to that information
(Boles, Barth, & Merill, 2008). If there are abrmlities in lateralization of a specific
function, this may result in problems with this sifie function and in problems in other
functions (De Haan, & Johnson, 2003). When, fomapxia, both hemispheres are activated
for language due to non optimal specializationtiigs specific function, the quality of
language may be compromised. Moreover, the quallitynctions that are originally located
in the right hemisphere might also be compromisszhbse of the suppression of these

functions by the functions activated for languafe Haan, & Johnson, 2003). The crowding
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hypothesis is one of many ways to explain this phemnon by implying that when a
hemisphere assumes additional functions, somes abitmal functions will be adversely
affected.

Developmental Dyslexia is an example of a develogaialisorder that is known to
have abnormalities in lateralization (Njiokiktjie2Q04; Wijers, Been, & Romkes, 2005;
Penolazzi, Spironelli, & Angrilli. 2008; van HertelBasman, Leeuwen, Been, van der Leij,
Zwarts, & Maassen. 2008pther examples of developmental disorders that pasielems in
lateralization are Schizophrenia, Autism and AitamDeficit Hyperactivity Disorder
(ADHD). Schizophrenia, for example, is referrecatoa disorder with cerebral lateralization
abnormality (Dane, Yildirim, Ozan, Aydin, Oral, @siglu, et al., 2008); schizotypical traits
are thought to be characterized by abnormal beg@rdlization (Bleich-Cohen, Hendler,
Kotler, Strous, 2009; Asai, Sugimori, & Tanno, 208@mers, Sommer, Boks, & Kahn, 2009)
and Crow et al (1996) demonstrated that childrea laker develop a schizophrenic illness
showed increased ambidexterity at age seven aadtesg right-handedness at age eleven,
indicating an relation with handedness (Crow, Dd&&acker, 1996). These results suggest
that this might be a possible early indicator aloghtimal brain development. There are also
several indications for abnormal functional hemephasymmetry in the brain of people
with autism (Lazarev, Pontes, Mitrofanov & deAzewed010; Anderson et al, 2005;
Stroganova, Nygren, Tsetlin, Posikera, Gillbergngl et al., 2007). In high-functioning
autistic people with disordered early language hgraent, significantly reduced rates of
established left or right hand preference were do{igscalante-Mead, Minshew, & Sweeney.,
2003). Research focusing on attention deficit hgpewvity disorder (ADHD) also revealed
structural and functional lateralization abnornmedit(Roessner, Banaschewski, Uebel,
Becker, & Rothenberger. 2004).

Summarizing the above, the developing brain getermpecialized with age and
when abnormalities in the specialization procesd@und, there might be a correlation with a

higher risk for psychopathology.

A way to explore lateralization is to use the Finfjapping Test (FTT) which is an
indicator of processing speed and can be used msli@ator of lateralized function
(Mitrushina, Boone, & Elia, 1999). A lot of reselanwith the FTT is done with people with
Traumatic Brain Injury (TBI) and it shows that th€T has been proven to be a sensitive
indicator of brain dysfunction (O’'Donnell, Kurtz, Ramanaiah, 1983; Prigatano & Wong,
1997; Prigatano, & Borgaro, 2003). A compromisedéir tapping speed is thought to be a
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result of brain impairment (Prigatano, & Borgar603) and a large difference between both
hands indicates brain damage contralateral tootiveried hand (Prigatano & Wong, 1997).
The most important difference between the impaitsi@nlateralization in TBI and
developmental disorders is the fact that the TBiepés had a normal development of the
brain and the problems in lateralization occurriéera trauma, while in developmental
disorders, the development of the brain shows abalities. When looking at typical
developing children, the fine motor speed as meashy the FTT increases with age
(Rosselli, Ardila, Bateman, & Guzman, 2001) and tereby be used as an indicator of
development of the brain. Next to differences ia,agnrlier studies found significant
differences in fine motor speed in gender, withesautperforming females in adulthood
(Bornstein, 1987). Rosselli also found this diffeze in children in the age of 6 to 11 years,
with boys outperforming girls with the nonpreferteahd (Rosselli et at., 2001).

The findings with regard to age indicate that aerspecialized brain will be
reflected by increased maturation, as measuredbyrotor speed, and increased
lateralization that, in turn, is reflected by aglar difference in fine motor speed between both
hands. In the present study the focus is on whethi&iren with developmental disorders
show abnormal brain development, as reflected ituration and fine motor lateralization.
Assuming that maturation and lateralization ofbh&in is reflected in cognitive development,
we also look at how the measures of maturationfimedmotor lateralization are related to
academic achievement. The first question is whathiggdren with different psychiatric
disorders can be differentiated based on brain raigdm and functional lateralization. Several
studies have found abnormalities in motor-asymmeitnd lateralization in developmental
disorders, that are supposed to involve brain rasitur problems, such as dyslexia and
autism, and since no study was found reportingetteteralization problems in other
psychiatric disorders such as mood disorders aabetal problems, the hypothesis is that
children with a developmental disorder show lestunagion of the brain as seen in reduced
fine motor speed, and less lateralized fine mdtidklsshan children with other psychiatric
disorders such as mood disorders or behavior prablBecause research on developmental
dyslexia suggests a relation between abnormal at&arof the brain that might be reflected
in abnormal lateralization and language problemd,earlier research on autism and
language reported an association between latetiatizdeficits in the motor domain and
disturbances in early language acquisition (Esteddead et al., 2003; Penolazzi, Spironelli,
& Angrilli. 2008), the second question is whetheere is a relation between brain maturation

and fine motor lateralization, and the achievementnguistic tasksTramontana et al.,
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(1989) found that the neuropsychological statusneasured with the Luria-Nebraska
Neuropsychological Battery (LNNB) that includespgammeasures, predicts not only a
percentage of variance in reading, but also a p&age of variance in math (Tramontana,
Hooper, Curley, & Nardolillo, 1989). So we also wethto know whether there is a relation
between brain maturation and fine motor lateralimatand achievement on mathematical
tasks. Since several studies have reported retdtips of performance on academic tasks and
motor development and lateralization, it is expédtet there will be a relation between

maturation- and lateralization of the brain andi@aément on linguistic and math tasks.

Previous studies have examined differences in ratim- and lateralization of the
brain for different populations but have not stadihildren with different psychiatric
diagnoses and the relationship with language arntl prablems. In this study tapping scores
of the FTT are analyzed as measures of brain niatorand lateralization, to be able to look
at the level of maturation and lateralization asdelation to psychopathology and academic
achievement. This way, this study will provide imf@tion about different child psychiatric
disorders and the maturation of the brain, pagfiected in lateralization, as measured with a
performance task. It will also give some insighhow these measures of maturation and

lateralization are related to the performance adamic linguistic tasks and math tasks.

M ethod
Participants

Participants were selected out of a sample of th@@ren who were referred between
1991 and 2008 to Curium, Child and Adolescent Pisyb Clinic in the Netherlands. To
these children, aged between 5 and 18 years, tigeiFTapping Test (FTT) was
administered. Since the FTT is not administerealltoeferred children, the participants were
only a small part of all referrals. Up until 20@Be FFT is part of the standard psychological
screening, so all children that needed psycholbgixamination also were administered the
FTT. After 2002 psychological examination includithg FTT, was only done when
problems in the area of ADHD, ASD or learning pehbk were expected.

Inclusion criteria for this study were: childrendaadolescents up to 18 years of age,
with either a primary diagnosis of ADHD, ASD, Modiorders, Behavior disorders or
Learning problems. An exclusion criterion for tetsdy was a total IQ lower than 70. After
exclusion of the children who were older than 18rgeof age, the sample size was n=1164.

Next, children with a first diagnosis of ADHD, ASMood disorders, Behavior disorders and
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learning problems were selected (n=914). After @sioln of the children with missing 1Q data
and children with an IQ lower than 70, the groupsisted of 634 children. Gender,
diagnoses, age, IQ and handedness are given entabl

Diagnostic groups. Participants are assigned to one of five distimagjglostic groups.
To be able to identify five groups, we looked a& IDSM classification of the child. Children
with an autism spectrum disorder were selectetldind taken together in the ASD-group.
Next, children with ADHD were selected for the ADHPoup. After this, the children with a
primary diagnose of a learning disability were stdd as part of the LP group, children with
a primary diagnoses of behavior disorder were sadeas part of the BP group and children
with a primary diagnoses of a mood disorder welecsed as part of the MP group.

The data of the psychological assessment was tadléc a data-base together with

primary diagnoses, date of birth, date of the assent and gender of the child.

Procedure

The assessment included: an interview with theraréhe developmental history; the
Dutch version of the Anxiety Disorders Interviewh8dule DSM-1V (ADIS-C) (Siebelink, &
Treffers, 2001) with parents and children; the 18jths and Difficulties Questionnaire (SDQ)
(Treffers, Van Widenfelt, & Goodman, 2005) filled by parents and teachers; the Groninger
Gedragslijst Schoolsituatie (Kalverboer, 1988); andnterview/observation of the child by
the child psychiatrist. The ADIS was only used @01, and the SDQ was used since 2005.
If needed, children were subjected to further psladical examination. The psychological
examination was done by trained and experiencdd pkychologists. The psychological
examination that included neuropsychological exatiam has a duration of 4 hours to 6
hours and is spread over two days with one dathiiQ test and the other day for
neuropsychological examination. Some children vedése subjected to didactical
examination. Classification according to the DiagjioStatistic Manual with the DSM-III-
TR, DSM-IV and DSM-IV-TR (American Psychiatric Assation, 1987; American
Psychiatric Association, 1994; American Psychiafgsociation, 2000) was based on
psychiatric examination that included the developnistory of the child, an interview with
the parents, an interview with the child and aneoketion of the child.

Independent M easures
Intelligence. The Dutch version of the WISC-RN (Van Haassen, Dg/B, Pijl,
Poortinga, Spelberg, VanderSteene, Coetsier, Speldlaes, & Stinissen, 1986), the
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WISC-III (Kort, Schittekatte, Bosmans, Compaan, Kexk Vermeir, & Verhaege, 2005), the
WPPSI (Vander Steene, & Bos, 1997), and the RARIEiChrodt, Drenth, Zaal, & Resing,
1984) are used. For three children it is unknowthely were assessed by the WISC, the
WPPSI or the RAKIT and they are classified as umkmd-or all 1Q tests, the Total IQ score
is used in the analyses. Preliminary analyses stholag the TIQ of the Wechsler’s scales,
the Rakit and the scores on “other” are not sigaiitly different, so the TIQ of the all IQ
tests is used in the analyses without specificdtbosort of 1Q-test.

Academic measur es. The didactic age (DL) is the amount of months dddmas had
education. The didactic age equivalent (DLE) isléwel of a certain test or the level of
working material, expressed in the amount of moofteducation needed for each level
(Struikstra, Van der Leij, & Vierijra, 1995). Théearning efficiency” [leerrendement] (LR) is
the relation of DL with DLE (DLE/ (DL/100)) and expressed in percentages (Struikstra,
Van der Leij, & Vierijra, 1995)A LR of 100% means that the DLE and the DL are egnd
the child is exactly on schedule. A LR of 50% metiag the child has a DLE that is half his
DL, meaning his performance is 50% less than magipected at his age. A LR above the
100% means that the child is better than can bea&d by his didactic age (Struikstra, Van
der Leij, & Vierijra, 1995).

The “AVI” test (Visser, Van Laarhoven, & Ter Beel994) is used as a measure of
language abilities, more specific the technicatlieg skills of a text (Evers, Van Vliet-
Mulder, & Groot, 2000). The didactic age range t® 30 months, and the test has an A- and
B-version, each with cards for the nine readingleyEvers, Van Vliet-Mulder, & Groot,
2000). The test score is determined by the speeshding and the mistakes, and is recoded
into DLE scores. The reliability of the test is eage (Evers, Van Vliet-Mulder, Resing,
Starren, van Alphen de Veer, Van Boxtel, 2002).

The “Pl-dictee” (Geelhoed, Bos, & Kappers, 1994l& a measure of language
abilities, more specific for writing skills. The iting of separate words is the central focus
and the didactic age range is 0 to 60 months (EMas Vliet-Mulder, & Groot, 2000). The
Pl-dictee is a Dutch test that contains two partigts, form A and B. The words are
presented in a sentence, and the participant hastesothe word down. The number of right
written words is the raw score, and with use ofesfthese scores are recoded into DLE
scores (Evers, Van Vliet-Mulder, & Groot, 2000).€Tieliability of this test is average
(Evers., et al, 2002).

The CITO-R is used to assess the level of geneattiematic abilities (Janssen,
Bokhove, & Kraemer, 1998). The didactic age rarsge to 55 months. The number of good
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answers is added and with the use of tables tluesessare recoded into a DLE score.
(Evers., et al, 2002).

Hand preference and handdominance. Hand preference was assessed by a
guestionnaire titled “Questionnaire Lateral Prefes? [Vragenlijst laterale
voorkeur](Academisch Ziekenhuis Groningen, 1984)sTs a Dutch questionnaire with 10
items asking participants about their hand prefezed items about their feet preference, 4
items about their ear preference and 4 items aheuteye preference. For this study only the
part for obtaining hand preference is used to detex whether a person is either left-handed,
right-handed or ambidextrous. The participants vesteed which hand they use for certain
tasks such as brushing their teeth. In additidmatedpreference assessed by a questionnaire,
handdominance was based on the Finger Tapping Testand with the highest mean speed

was coded as the dominant hand.

Dependent M easures

The Finger Tapping Task chosen for this study s giathe Fepsy (FEPSY, 1995) and
was adapted from the original Halstead Reitan Bastery. The speed of finger tapping is
measured for the index finger for both the leftdhand the right hand in five series of ten
seconds. The counter in the middle of the scredrtf@number of tappings for each trial on
the bottom of the screen provide feedback to thigggaant. The participant is asked to tap as
fast as possible with the index finger on the spmgeof the computer. On basis of the
number of taps, the mean of the dominant handladiean of the nondominant hand were
calculated. Up until now, there are no Dutch nocarss available for children of the general
population. For adults the average mean tappingedoo females is 55-60 and for males 50-
55, and the difference between both hands shouldxueed 10% (FEPSY, 1995). Because
of the influence of many factors, caution shoulddien by using cut-off scores and
dominant-nondominant hand comparisons (MitrusHdane, & Elia, 1999). However,
across studies, a 10% dominant hand superioritgrin is consistent with the average
performance (Mitrushina, Boone, & Elia, 1999). Wheoking at the reliability of the FTT,
research of Gualtieri and Johnson (2006) showedtathst-retest reliability (left: r=.78,
right: r=.80, total: r=.83) for a group of normallunteers and a group of neuropsychiatric
patients on the FTT of the CNS vital Signs (CNS\&{;omputerized Neurocognitive test
battery (Gualtierie, & Johnson, 2006). They showed there is no difference in reliability
between children, adolescents and adults and liaditigy for patients was at least as good as
for the normal subjects (Gualtierie, & Johnson,@00est-retest reliability of the tapping test
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as part of the Korean Computerized neurobehaviests (KCNT) was evaluated and proved
to be highly reliable (nondominant hamd;.89, dominant hand;= .85) (Sakong, Kang, Kim,
Hwang, Jeon, Park, Lee, Won, et al. 2007). Theitapiest of the KCNT measures the
amount of taps in ten seconds and is in that regamtparable with the FTT of the Fepsy. As
for the effect of age, it is reported that befdre &ge of six, the hand preference is unstable
and depending on the situation (Bryden, Pryde, & R600) and between th& &nd the ¥
year, the speed keeps increasing but the relaififiexehce between the hands is stable
(Nijokitijen, Kurgansky, Vildavsky, e.a. 1997).

Difference score. The difference score between both hands was usadnasisure of
lateralization. The “raw” difference score was cédted by extracting the mean from the
nondominant hand of the mean of the dominant h&adhe able to compare the difference
scores of the children as a dependent measure aicthievement with both hands, the
“corrected” difference score was calculated byding the “raw” difference score by the sum
of the mean of the nondominant and the mean afidnginant hand. Both the “raw”
difference score and the “corrected” differencas@re used in the analyses.

Fine Motor Speed. Fine motor speed was used as a measure of maturBgoause
the FTT has five trials for each hand, we were &bleok at how consistent the tappingscore
of one hand was over five trials and if this wass same for all diagnostic groups. If there is
no difference for the different diagnostic growps, can use the mean tappingscore as a

measure of fine motor speed.

Statistical Analyses

Several analyses were done to be able to deteifiitmere were differences in
diagnostic groups with regard to the demographi@bées (gender, handdominance, age and
IQ). To be able to look at whether al diagnostiougrs have the same proportions with regard
to gender, nonparametric Chi-square tests are diormeder to find out if the diagnostic
groups differ with regard to age and IQ, severa&-amy ANOVA's were doneA Crostab is
made to look if the hand reported as preferred hasianeasured by the questionnaire, is also
the dominant hand as measured with the FTT. FdudHer analyses, the dominant hand
based on the tapping is used and not the prefemed based on the questionnaire.

Preliminary analyses were done in order to decidiehwariables need to be taken
into account in the main analyses. Because thgsemlvere done with the mean
tappingscore of five trials, repeated measure aealyith age as covariate is done to be able

to see if there is a significant difference betwtenfive trials. If this difference is found, the
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analysis is repeated with diagnosis as betweeresufgctor to be able to look if the
difference between the five trials is the sametierdifferent diagnostic groups. If no
significant difference between the diagnostic goigfound, the mean tapping score can be
used as a representative measure of sJexble able to determine whether age has an
influence, a repeated measure analysis with ageasiate and mean of dominant hand and
mean of nondominant hand as dependent variabtemis. Looking at whether all diagnostic
groups have the same proportions with regard tdd@minance, nonparametric Chi-square
tests are donén independent t-test is done to be able to deteemihether there is a
difference in tappingscores for the left/right-hargdand a correlation between 1Q and
tappingscore is calculated to be able to determimether 1Q is an influential variable.

To answer the research question, repeated measigses of variance are done with
the influencing variables, as determined afterpiediminary analyses, as between-subject
factor and the mean of the dominant hand and tleméthe nondominant hand as repeated
measures, to be able to look at the difference é@tvboth hands. Next, the repeated measure
analysis of variance with age as covariate is dés® with Diagnosis as between-subject
factor. When one of the influencing variables sheobetween-subject effect, the analysis with
Diagnosis is repeated with inclusion of that specifiriable to be able to determine whether
this variable explains possible differences betwRmmgnostic groups.

Next several analyses of Covariance (ANCOVA) wigie @s covariate are used to
look at whether there is a difference in mean taggicore for the influencing variables as
found in the preliminary analyses. To be able tklat the differences in mean tapping score
for the different diagnostic groups, an ANCOVA wiéfe as covariate is done. If one of the
influencing variables shows a significant differemeith regard to the mean tapping score, the
ANCOVA with Diagnosis is repeated with that spexifariable to be able to determine
whether that variable explains the possible difieess between diagnostic groups. These
analyses were done for both the dominant handfeddandominant hand.

To be able to look at the correlation between threected difference score and the
learning efficiency (DL) of all academic measui@sarson’s correlations are calculated.
Next, bipartial correlations are used to look &t élsademic measures and the mean tapping
speed. Because both the academic measures anéamnetappingscore of the dominant hand
need to be corrected for age, the analyses werdomet with the LR score (as this is the DLE
score controlled for age) but with the “raw” DLEoses of the tests. When the LR would be
used and age would be added as covariate for mpamg score, the LR score would also be

controlled for age and the DLE score would be adled for age twice. Partial correlation
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was used to explore the relationship between thanrtagppingscore of the dominant hand and
the DLE score of the three academic measures wbilgolling for age. The analyses were
done separately for the DLE of the AVI, the DLEtl¢ Pl and the DLE of the CITO-R for

both the dominant hand and the nondominant hand.

Results

Since there were 4 children whose handedness waislexter based on an equal
mean tapping score of both hands, only the datheothildren who were left-handed or right-
handed were used in this study. The total grougisted of 630 children composed out of
484 boys and 146 girls (Figure 1).

Data-inspection was done by checking for normalitg for outliers with respect to
the tapping task. The data of the mean tappingsufdiee dominant hand and the mean
tapping score of the nondominant hand showed 3@&mitvith a score of more than 2sd
above or below average. Because these cases diiffeotwith regard to gender, age,
diagnosis, handdominance and hand preferencesitataconsidered to be a specific group

and they were excluded for further analyses.

Descriptives

Char acteristics of the sample. Table 1 shows the main characteristics of the diffe
diagnostic groups. There is a significant diffeebetween the diagnostic groups with regard
to age F(4,595)=8.372p<.001)with the MP-group being significant older than treup
with ADHD and ASD. There is also a significant éiénce between the groups with regard
to 1Q (F(4,595)=3.579p<.01)with the LP-group scoring significant lower thae tMP-group
and BP-group. Preliminary analyses were done tergghe whether these variables should
be taken into account in the main analyses.

When looking at gender, analyses show that gesdastiequally distributed among
the diagnostic groupg{(4, n =600)=66,405<.001). The ASD-group has a significant
higher proportion of males than all the other gsgugnd the BP-group and ADHD-group
have a significant higher proportion of males tttieMP and LP group. The variable gender
will be taken into account as covariate.

Hand preference and handdominance. When looking at the hand preference as
measured with the questionnaire and the dominard ha measured with the tappingtest, it
can be seen that almost all participants that Hamhd preference for right also had a
dominant right hand. Measured with the questiomai,7% of the participants has a
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preference for right, of these 499 participants492also had a dominant right hand as
measured with the tapping test. However, of thégpants that reported to have a left hand
preference, a large group appeared to have adaghinant hand. As measured with the
guestionnaire, 18,3% had a left hand preferenceftitese 97 participants only 72,2% had a
dominant left hand in the tapping test. Meanind #¥8% of the participants that reported in
the questionnaire to be left handed, were fasttr thieir right hand in the tapping test. Four
participants reported to be ambidexter, two of them a dominant left hand and two had a
dominant right hand. Ambidexter dominant handedassmeasured with the tappingtest was
excluded before analyses. In the following analygeshanddominance as measured with the

tapping test is used as variable for right/leftddominance.

Preliminary analyses

Consistency of tappingspeed of the dominant hand over fivetrials. We found
differences in tappingspeed between the five toathe dominant hand~(4,595)=2.394,
p<.05), but because this difference was not infleenoy diagnosed$-(16, 1806)=1.430,
p=.119), we were able to use the mean tapping sfdle dominant hand as measure of fine
motor speed.

Consistency of tappingspeed of the nondominant hand over fivetrials. For the
nondominant hand, no differences were found initaygpeed for the five trial$-(4,
591)=.617p=.651), neither are there differences between idgndsesK(16, 1806)=.784,
p=.706). So the mean of the five trials of the nandwnt hand can be used as a measure of
fine motor speed.

Differencein tappingscorewith age. Visual inspection of the data shows that the
mean tappingscore of both the dominant hand anddhdominant hand increases with age
(figure 2). To be able to determine whether théedénce between the mean tappingscore of
the dominant hand and the nondominant hand isasarg with age, the line of the difference
score (mean dominant hand — mean nondominant gatho drawn. At 8 years of age, the
line shows a breaking point, indicating that thifedénce between both hands is increasing
until the age of 8 and gets more or less consfat the age of 8 years old.

Handdominance. When looking at handdominance as measured wétlegbpingtest,
analyses show that right/left-hnanddominance iseqoglly distributed among the diagnostic
groups £%(4, n =600)=14,740<.01). There is a significant lower proportion ight-handers
in the LP-group when compared to the other grotgidd 1).
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Variablesto take into account. Gender was considered to be an important variable,
and as described above, age has an influence onghe speed of the dominant hand, the
mean speed of the nondominant and on the differeetveeen both hands. So age is also an
important variable that needs to be taken into aetim all following analyses. However, age
and gender are not the only variables that nebe wonsidered influential. Characteristics of
the sample show significant differences betweegriiatic groups with regard to 1Q and
right/left-handdominance. Whether 1Q and left/rifainddominance have an influence on
tappingscores is not that clear. Because analyseeesl that the tappingscore of the
nondominant hand was different for the left- amgghtihanderst(598)=1.989p<.05), the
right/left-handdominance is also considered an maw variable to look at in the main
analyses. The variable 1Q, however, is not higloiyelated with the tappingscores (13 and

r=.13), so the variable 1Q is not used in furthealgses.

Main analyses

Differ ence between the nondominant hand and the dominant hand. To be able to
determine whether there is a significant differebetveen the mean of the dominant hand
and the mean of the nondominant hand, a repeatadureeanalysis of variance with age as
covariate is done. This analysis shows that theredeed a significant difference between the
nondominant hand and the dominant hafd ,698)=44.739p<.001) (Dominant hand,
M=47.40, sd=7.55, Nondominant hand; M=41.43, sd8%.8nd an interaction effect of age
with the difference of the dominant and nondomirfaarid £(1,598)=6.448p<.05) is found.
There was also a main effect of a§€1(598)=369.279<.001). This means that there is a
significant difference between the mean of bothdsaand that age influences that difference.
Because age also has a main effect, it can belsstithe mean score of the dominant hand
and the mean score of the nondominant hand asreiiff for the different ages.

In accordance with the previous analysis, all feifgy analyses show the significant
difference between both hands, the main effecaf@r and the interaction effect of age with
the difference of both hands. In order to be morecise, these effects are not reported
separately for each analysis. Next, gender is deadun the analyses and since no interaction
effect of gender and tapping scoF€1(,597)=1.140p=.286) was found, gender does not seem
to influence the difference between the tappingssof both hands. Figure 3 shows the
regression lines of both hands for males and imafes. When looking at whether it matters
if a person has a dominant right hand or domingfhiand (right/left-dominance), an

interaction effect between right/left-handdominaaad the difference of the mean
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tappingscore of both hands((,597)=23.193p<.001) is found (figure 4). Meaning that the
difference between the mean tappingscores of ttietlmnds is influenced by having either a
left- or a right dominant hand. Figure 4 showsrgda difference between the dominant hand
and the nondominant hand for right-handers wherpewed to lefthanders.

Next we will look at the diagnostic groups and diféerence between the mean of
both hands with age as a covariate. Figure 5 shiosvdifference between the mean score on
the nondominant hand (1) and the dominant hantb(2he different diagnostic groups. An
interaction effect between diagnosis and the diffee of the dominant and nondominant
hand £(4,594)=2.398p<.05) is found. Indicating that the diagnosis hasndluence on how
the score differs between the dominant hand anddhdominant hand. Looking more
specific at which diagnostic groups differ on tliedlence between the dominant and the
nondominant hand, post hoc analyses for the ditedmgnostic groups are done. These
analyses show that only when looking at the ASDigroombined with the BP-group, the
diagnosis has an influence on the difference betwlee dominant and nondominant hand
(F(1,185)=7.916p<.01) with a larger difference between both hamadgtHe BP-group when
compared with the ASD-group. All other combinatiafigliagnostic groups show no
interaction effect of diagnosis and differenceha dtominant and nondominant hand.

When the repeated measures analyses with ageasate and diagnosis is done for
the separate groups of right/left-handdominanagts no interaction effect of diagnosis and
difference between tappingscores of both ha”@, (L04)=.554p=.704) for the left
dominant hand, but there is still an interactidieefof diagnosis and difference between
tappingscores of both hand<(4, 484)=2.549p<.05) for the right dominant hand. For the
right-handers, post hoc analyses for the diffedeagnostic groups are done. These analyses
show that when looking at the ASD-group combinethwhe BP-groupK(1,155)=9.165,
p<.01), and when looking at the MP-group combinetthwthe ASD-groupK(1,224)=4.863,
p<.05), the diagnosis has an influence on the diffee between the dominant and
nondominant hand. The difference between both hesmslwaller in the ASD-group when

compared to the BP-group and the MB-group.

The mean tapping scor e of the dominant hand. ANCOVA's for gender and
left/right-handdominance are done and when lookingender, a significant difference for
males and females in the mean tappingscore ofadhenént handK(1,597)=6.750p<.05) is
found with males outperforming the females. Wheokiog at right/left-handdominance no
such difference was foun&((L,597)=1.676p=.196).
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Using an ANCOVA with age as covariate, analysesvparformed in order to find
out whether there is a difference in mean tappaugesof the different diagnostic groups. The
analysis showed a significant difference for themef the dominant han&(1,594)=5.014,
p<.005). The LP-group shows a significant lower méem the BP-groug=(1,123)=10.202,
p<.005)and the ADHD-groupK(1,231)=9.270p<.005), and the MP-group shows a
significantly lower mean than the BP-grotf{X,257)=9.193p<.005)and the ADHD-group
(F(1,365)=8.666p<.005). The ADHD-group also shows a significantighter mean score
than the ASD-groupH(1,147)=4.381p<.05). Figure 6 shows how the diagnoses diffetter
mean of the dominant hand over age. Next a twoANMgOVA with age as covariate and
the different diagnostic groups, and gender is dboediagnosis, there is still a significant
difference foundK(4,589)=2.923p<.05), however for gender, there is no significant
difference anymoreH(1,589)=.974p=.324). There is also no interaction effect of garahd
diagnosis F(4,589)=.093p=.985). This means that the difference in meapitayscore of
the dominant hand between the different diagnoaeeat be explained by the difference in
gender and when looking at the separate diagnasefind again that the LP-group differs
significant from the BP-groug=(1,121)=6.604p<.05)and the ADHD-group
(F(1,229)=5.558p<.05), and the MP-group also differs significarftym the BP-group
(F(1,255)=5.192p<.05)and the ADHD-groupK(1,363)=3.997p<.05).

The mean tapping scor e of the nondominant hand. Similar as with the dominant
hand, there is a significant difference in tapppged for gendefF(1,597)=13.013p<.001),
and not for at left/right-dominanc&((,597)=3.597p=.061) when looking at the
nondominant hand. When looking at the differengd@stic groups, there is a significant
difference in speed between the different grokigs,694)=5.039p<.005). However, when
taking gender and diagnostic group into accourgttogy, there is no difference between
males and female§(1,589)=2.407p=.121), no difference between the diagnostic groups
(F(4,589)=2.287p=.059), nor is there an interaction effect of gerated diagnostic groups
(F(1,589)=.319p=.865).

Academic measur es
To be able to determine if there is a relationslgtween the tappingscores and the
different academic measures, Zero-order correlatiord Partial correlations are calculated.
Difference score and lear ning efficiency. When looking at the correlation between
the difference score and the learning efficiendy)(Lno correlation was found for the AVI,
the Pl-dictee or the CITO-R (table 2).
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Academic measures and mean fine-motor speed. Table 3 shows the correlations of
the dominant and the nondominant hand with theeroammeasures. All following analyses
were done with age as covariate to be able to alofair its influence.

Dominant hand. There is a small, positive correlation betweenntigan tapping
score of the dominand hand and the DLE of the &tedi (=.24,p<.005 withn=183) and the
mean tapping score of the dominant hand and the @ltke Cito-r (=.25,p<.001 with
n=206). An inspection of the zero-order correlat{Bh-dicteer=.48 and Cito-rr=.50)
suggests that controling for age did have an etirdhe strength of the relationships between
the variables. The zero-order correlation betwaerILE of the AVI and the mean
tappingscore of the dominant hand was significem2@, p<.001 withn=181), but when
controlling for age, no significant correlationfaaind.

Nondominant hand. For the mean of the nondominant hand, there isal spositive
correlation with the DLE of the AVIrE.20,p<.001 withn=181), with the DLE of the PI-
dictee (=.29,p<.001 withn=183) and with the DLE of the Citor<.20, p<.005 withn=206).

An inspection of the zero-order correlation (A4.33, Pl-dicteer=.49 and Cito-rr=.42)
suggests that controling for age did have an effiadhe strength of the relationships between
the variables.

Conclusion and discussion

Maturation and fine motor lateralization. The first goal of this study was to find out
whether there is a relation between the speciaizalf the brain and psychopathology in
children. Five distinct diagnostic groups were canggl to each other with respect to both the
level of maturation of the brain, as measured withfine motor speed, and the level of
lateralization of the brain, as reflected by thesleof lateralization of fine motor skills. We
hypothesized that children with a developmentabrdier would show a lower level of
maturation- and lateralization of the brain whempared to children with other psychiatric
disorders.

Looking at the maturation of the brain, we foundttbhildren with mood problems
and children with learning problems show a lessumeat brain than children with ADHD or
behavior problems as indicated by the fine moteesp With respect to lateralization of the
brain, our results indicate that children with atistic spectrum disorder show less
lateralization of the brain than children with mgqm@blems or behavior problems. Results
indicate that children with ASD have a less spé&al brain when compared to children with

other psychiatric disorders. While we did find diftnces in maturation- and lateralization of
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the brain when looking at the different diagnosticups, we were not able to determine that
problems in maturation and lateralization wererggey or specific for all developmental
disorders when compared to other psychiatric dessrdince we did not find this difference
for children with ADHD. However, the finding of ktalization abnormalities in the brain in
children with ASD is in line with the expectatidmat children with ASD show less lateralized
fine motor skills, and with earlier findings of 8fanova et al, who reported that they found
abnormal lateralization of sensorimotor functiotr¢g§anova et al., 2007). A possible
explanation for the fact that we were not able skena clear distinction between
developmental disorders and other psychiatric des@r using the tapping speed as measure of
maturation of the brain, might be that fine mofeesd as measured with the tapping test
possibly also reflects involvement of nonmotor msses such as alertness, focus and
maintaining attention and generating responseayS$;r Sherman, Spreen, 2006), and that
these nonmotor functions influenced the resultthdlgh not hypothesized, it is also
interesting to mention that we found that the nattanal differences in the brain between the
different diagnostic groups increase with age,dating that the problems of children with a
less matured brain at a young age will be mordhasas they get older. So despite the fact
that other nonmotor functions can influence theone, the FTT has proven to be a good
measure for maturation.

Relation of maturation and fine motor lateralization with academic performance.
The second goal of this study was to look at wirethere is a relationship between the
specialization of the brain and different academéasures. The level of maturation of the
brain, as measured with the fine motor speed, lamdet/el of lateralization of the brain, as
reflected by the level of lateralization of fine taoskills, were used as measures of
specialization of the brain and were inspecteeiation to math, reading and writing.

We found that a more matured brain is associatddarsignificant higher level of
academic performance of reading, writing and migliganing that a more developed brain is
reflected in a higher level of academic achieveméne fact that we found these relations
while controlling for age, indicates that there ar&turation differences in the brain as
measured with fine motor speed above and beyonohétieration caused by age. However,
when looking at lateralization of the brain, nat&n with any domain of the academic
performance is found. When looking at the hypotkdbkat stated that there would be a
relation between the achievement on language amld taxsks, and maturation and

lateralization of the brain, these hypotheses artypconfirmed. There is a relation found
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between the maturation of the brain and the achiew¢ on the academic tasks, however,
there is no relation found for the level of latezation. Tramontana et al, reported that
impaired neuropsychological performance on thed-iWéebraska Neuropsychological Battery
(LNNB) was related to poorer performance in readgind math but that lateralized
sensorimotor signs were not necessarily involvedriontana, Hooper, Curley, & Nardolillo,
1989). There are two different ways to comparer ttesults with ours. First, we can say that
the fact that we did not found a relation betwdenlevel of lateralization of the brain and
academic performance is in line with their findihgt lateralized sensorimotor signs were not
necessarily involved. Second, we might be ablaitigtsome nuances to these results as we
looked more closely at the lateralized sensorimsigms and were able to make a distinction
between maturation and lateralization aspects. igecaf this we were able to determine that
these measures do not reflect the exact same gonatrd that the maturation of the brain did
have a relation with academic performance andidtetalization of the brain did not. This
indicates that the lateralized sensorimotor signsi@asured by Tramontana et al (1989)
might be not sensitive enough to detect the ralatith academic performance (Tramontana,
Hooper, Curley, & Nardolillo, 1989).

Handdominance and Handpr eference. Next to the outcomes of the main analyses,
we also found some interesting results when lookinganddominance and handpreference.
We found that when looking at handpreference asored with a questionnaire and
handdominance as measured with fine motor speedesults are in line with earlier studies
showing that questionnaire measures of handpreferare only moderately correlated with
the handdominance as measured by performance(¥esks, Schoger, & Bright, 2008). In
our sample, the lefthanders showed more inconsistemvith regard to handpreference and
handdominance. Meaning that while they reporteubtee a preference for the left hand, they
were more skilled with their right hand.

We also found differences in percentage of leftleamih the different diagnostic
groups. In the general population, about 90% ofoénaple is right-handed versus 10% that is
left-handed (Van Strien, 2001). The group with héag problems showed a relatively high
percentage of lefthanders. Because dyslexia iobtiee disorders that is part of this
category, this finding was as expected and inwitb results from previous studies that
showed a higher percentage of lefthanders in gpgnoth Dyslexia (Tonnessen, Lokken,
Hoien, & Lundberg, 1993).
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Clinical implications. Because we were able to determine that maturad®n,
measured with fine motor speed using the FTT, stpely related to academic measures,
the FTT can be used as a part of a neuropsychaldgist battery to detect possible
maturational problems in children with poor acadep@rformance. Our results also show
that the maturational differences between diago@sbups get larger with age, indicating
that children with a relative less matured braia gbung age show less maturational growth
over age and will be at risk for showing more mational problems as they get older. More
research is necessary, but these results implyetrat maturational problems as measured
with the FTT are a predictor of more severe maiomat problems at an older age. Having
knowledge about this developmental trajectory aahdipful in clinical practice, it can, for
example, be a reason to apply for extra help irb#ggnning of school in order to minimize
the delay in an early stage.

As expected, we found that fine motor speed araltiotor lateralization are strongly
related but not measuring the exact same cons8oakith these results we do not only
underline the importance of looking at multiple fpemance measures, we also showed how
these performance measures can be used to magenatiin between different diagnostic
groups when looking at maturation and specialipatibthe brain and how they are related to
academic achievement. Moreover, while there ikastack of information about norms of the
general Dutch population, this article provides sarmrms for Finger Tapping Test for Dutch
children with psychiatric disorders.

Limitations and recommendations for further research. One important limitation
of our study is that we did not use a normal cdrgroup to compare to our groups with
psychopathology. Findeis and Weight (1994) devedapeta-norms for children of 5 to 14
years of age (Findeis & Weigth, 1994). These naamesbased on a series of articles
published between 1969 and 1989 and are theretwdated, moreover, different
administrations of the tapping tests are used (bfp@pper, number of trials), the method for
determining the handpreference is unknown and tgenity of the children had an above-
average IQ. For these reasons, we were not abigetthese norms to compare our results
with. However, our question was not if there igabtem with specialization in children with
psychiatric disorders, but whether we could useigpigation of the brain to differentiate
between the groups of children with disabilitieecBuse we did have a large sample of
children with different psychiatric disorders, wen& able to compare different diagnostic
groups to each other and answer our research gaeatisecond limitation is that we did not
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take into account comorbidity. There is a high pterce of comorbidity in children with
psychiatric disorders, and children with comorbigbdders are likely to show more severe
problems than children without comorbidity. In aample, there were inconsistencies in the
reporting of comorbid disorders and taking thern etcount would only reduce the
reliability instead of enhancing it. For this reaswe decided to select our diagnostic groups
based on the primary diagnoses as these were edguperly. Because of comorbidity, it is
likely that our five diagnostic groups show ovenlajh each other and are not as distinct as
we would like them to be. However, because of #ative large sample size in all diagnostic
groups, we were able to interpret our results. nEwere important, despite the fact that
groups overlap due to comorbidity, we did find intpat differences between the groups
indicating that when taking comorbidity into accotirese differences will get even larger
underlining the importance of our findings.

A replication of this study including the comorldidorders is recommended in future
research. For future research it is also recomntetalake into account the rate of
handedness to be able to look more closely toelationship of handpreference,

handdominance and diagnose.
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Table 1.Age, total IQ and hand dominance based on the tapping for both boys and girls with
different psychiatric disorders.

DSM (n) Age TIQ Gender Hand dominance
(% males) (% Right-handers)*

Mood 10.67 (2.63) 101.97 (13.71) 57.3% 79.8%

problems

(178)

Learning 9.84 (2.11) 95.16 (15.76) 65.9% 63.6%

problems (44)

Behavior 10.02 (2.48) 102.66 (13.18) 81.7% 89.0%

problems (82)

ADHD (190) 9.53 (2.34) 98.26 (13.71) 84.7% 85.3%

ASD (106) 9.30 (2.25) 100.20 (15.69) 94.3% 80.2%

Total (600) 9.95 (2.48) 100.08 (14.29) 76.5% 81.7%

* percentage right-handers based on the dominantdratite FTT.
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Figure 2. A fitted Loess line (40%) for the mean speed ohbdwinds and the difference score

by age.
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Figure 3. Regression lines of the mean tapping speed of litlds for males and females.
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Table 2.Correlation of the difference in mean tapping speed between both hands with the
academic measures.

Difference score of
the tapping test.

LR of the AVI -11
LR of the CITO-R .04
LR of the Pl-dictee -.08

Table 3.Corréelation of the mean tapping speed with the academic measures.

Dominant hand Dominant hand Non-dominant Non-dominant hand
zero-order partial correlatioh hand zero-order partial correlatioh
correlation correlation

AVI DLE score 26 11 33 20

CITO-R DLE score 50 25" 42 20

Pl-dictee DLE score A8 24 49" 29"

! Partial correlation controlling for the effectade.
. Significant at .001 level
Significant at .005 level
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