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ABSTRACT
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Neurofibromatosis type 1 (NF1) is one of the mashmon genetic disorders presenting
in approximately 1 in 3,000 live births. NF1 isighily variable condition with a large
number of complications. A common complication ésiropsychological problems,
including developmental delays and learning diffies that affect as many as 60% of
patients. Research has suggested the childrerNkithoften have poorer fine motor
skills and are at greater risk for attention difftees than the general population.
Furthermore, recent research is beginning to detraiesa relationship between fine
motor skills and attention in older children; howewery little research has examined
this relationship in young children. Thirty-eightilciren with NF1 and 23 typically
developing children between the ages of 4 and @mm@led in the study. Varying levels
of fine motor functioning were examined (simpledrgvel, and complex fine motor
tasks). For children with NF1, significant diffitiéls were demonstrated on lab-based,
mid-level and complex fine motor tasks, even aftartrolling for nonverbal reasoning
abilities. These findings suggest that childrerhvii=1 do not differ significantly from
TD children on lab-based, simple fine motor tagidditionally, these findings were
corroborated by parental report of difficultiesadaptive fine-motor functioning. The

current study also examined relations betweenrfintor ability and parental report of



attention difficulties. No significant correlatiomgere found between complex fine motor
ability and attention difficulties. This study ptides much needed descriptive data on the
early emergence of fine motor difficulties in youctgldren with NF1.The results can

help guide further research into potential eartgnvention programs that may be able to

improve overall motor and possibly attention fuantin children with NF1.
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Introduction

Neurofibromatosis type 1 (NF1) is one of the mashmon genetic disorders
presenting in approximately 1 in 3,000 live bir{horth et al., 1998). NF1 is a highly
variable condition with a large number of complicas. A common complication is
neuropsychological problems, including developmietiétays, learning difficulties and
attention problems that affect as many as 60% téms. Children with NF1 are also at
much higher risk for receiving interventions foafeing, behavior, speech and motor
problems in school (Krab et al., 2008). Researchduggested the children with NF1 are
a greater risk for attention difficulties than tpeneral population; it had been reported
that as many as one-third to one-half of childréth WF1 meet diagnostic criteria for
ADHD (Hachon et al., 2011). Additionally, childrewith NF1 are reported to have
poorer performance in fine motor functions thanrte#lings who are unaffected
(Hyman et al., 2006; Chapman et al., 1996; Hofntaal.e1994). Considering the
prevalence of both attention and fine motor diffies in older children with NF1, it is
important to further investigate and characteriasée difficulties in young children.
Furthermore, recent research is beginning to detraiesa relationship between fine
motor skills and attention in older children; howegwery little research has examined
this relationship in young children. By explorirgetrelationship between fine motor
abilities and attention in young children with Nkle may learn more about the exact
nature of that relationship.

This introduction will examine the current litereguon the fine motor abilities
and attention difficulties often reported in chédrwith NF1. First, | will provide general

background information about Neurofibromatosis t¥péwill briefly describe medical



features and the common cognitive and behaviomalacheristics of individuals with
NF1. Second, | will discuss current research dbsagiattention difficulties often found
in individuals with NF1. Third, | will review theuwrent literature on the fine motor
abilities of children with NF1. Fourth, current eesch examining the relationship
between fine motor abilities and attention willdglored. Finally, | will outline the
research goals, hypotheses, and procedures ofdpeged investigation.
Neurofibromatosis Type 1

Neurofibromatosis type 1 is an autosomal domingdrder with an incidence of
approximately 1 in 3,500 live births (Huson & Hugh&994; North et al., 1997). NF1 is
caused by a mutation of a gene on the long arrhm@incosome 17, which is responsible
for encoding neurofibromin. As mentioned above, NiB$ an autosomal dominant
pattern of inheritance, although, half of all caseEsult from a spontaneous mutation.
Diagnosis requires the presence of two or moréefallowing criteria: (1) 6 or more
café au lait spots, (2) axillary or inguinal freickd, (3) 2 or more cutaneous
neurofiboromas, (4) 1 pexiform neurofibroma, (5)rawwre iris Lisch nodules, (6) an
optic glioma, (7) a characteristic body lesion(&yrfirst degree relative with NF1 (NIH
Consensus Development Conference, 1988). Thecooshon manifestations to first
appear in childhood are café au lait spots andeayifreckling. A study of children with
NF1 by Cnossen et al. (1998) reported that as mar®6.7% of children diagnosed with
NF1 displayed six or more café au lait spots by&ry of age. Freckling was found in
85.3% of children with NF1 by the 4 years of agad¢€sen et. al, 1998). Recent advances
in genetic testing have made it possible to confiragnosis in approximately 95% of

individuals with NF1 (Tonsgard, 2006).



While physical medical features are indeed probteniar some with NF1, the
most common complaints from parents of childrethWE1 are not medical in nature,
but rather neuropsychological and behavioral. Cerdvith NF1 are at higher risk for
cognitive problems, as well as learning and atbendiifficulties. A recent review of the
literature by Hachon, lannuzzi and Chaix (2011 prepthat although NF1 children’s
cognitive abilities fall in the average range, lQecurve is shifted to the left (with a mean
around 90) when compared to unaffected childremlithahally, approximately 50% of
children with NF1 have a learning disability, withriability in the nature of the learning
disability (Brewer et al., 1997). Current literagisuggests that up to half of children with
NF1 have visuospatial ability difficulties, with ffermance falling one standard
deviation or more below population norms even wtamtrolling for 1Q and attention
difficulties (Hyman et al., 2005; Levine et al.,(8) Schrimsher et al., 2003). Fine motor
coordination impairment and low motor speed hage Been reported in 20-30% of
children with NF1 (Hyman et al., 2005; Levine et aD06). Finally, Hachon et al. (2011)
report that 30-50% of children with NF1 meet thagiostic criteria for ADHD.

Attention in Children with NF1

ADHD is the most commonly diagnosed psychologiisbrder in childhood and
children with NF1 are about 3 times more likelypediagnosed with ADHD then their
unaffected siblings (Diamond, 2005; Hyman et &0%). These high rates of attention
difficulties in the NF1 population make it one béthallmark cognitive/behavioral
impairment of the disorder, although the exactti@tship between NF1 and ADHD
remains unclear. Several studies have examinedeth@vioral difficulties related to

ADHD in older children with NF1 (Hyman et al., 200%oth et al., 2000; Kayl & Moore,



2000). Data obtained from parents and teachersestitjgat difficulties with
concentration, inattention, impulsivity and hypénaty are more common in children
with NF1 than their unaffected siblings (Dilts &t 4996; Koth et al., 2000; Hoffman et
al., 1994; Mazzocco et al., 1995). Some researdisosreport that these symptoms may
hinder psychosocial and academic success morealgngtayl & Moore, 2000). More
specifically, recent research suggests that childi¢h attention difficulties (e.g.,
ADHD) show significantly lower social functioningased on parent and teacher report,
than children without attention difficulties (Greeat al., 1996; Hinshaw, 2002;
McConaughy, Volpe, Antshel, Gordon & Eiraldi, 201This finding was substantiated
by Barton and North (2004) in a sample of 79 cleildwith NF1 between the ages of 8
and 16. These authors found that while, overalldam with NF1 had significantly
poorer social skills than their unaffected siblintdge presence of ADHD was the major
risk factor for poor social functioning (Barton &okh, 2004).

There is limited research examining specific asgpetattention affected in NF1.
A recent research review by Templer, Titus and Guin(2012) examined the current
literature on attention problems and executive fiencin NF1, concluding that inhibition
is the most frequently demonstrated deficit inatah with NF1 with and without
ADHD. In particular, Hyman et al. (2005) found a#tf in sustained attention, even
when controlling for intellectual functioning, imitddren with NF1. Hyman et al. (2005)
reported that 54% of children with NF1 scored asteone standard deviation below their
unaffected siblings and 63% scored at least omelatd deviation below the normative
mean on a lab based measure of sustained atteWtidnregards to working memory,

Huijbregts et al. (2010) revealed that childrenhvwi=1 tend to make more mistakes as



demands on working memory increases. Additionallyjjbregts et al. (2010) found, in a
cross-sectional developmental study, that impaitsnenworking memory do not
diminish with age and are observed in many adulis WF1. Cognitive flexibility has
also been shown to be impaired in children with MFEn compared to age-matched
controls. Rowbotham et al. (2009) found, in a sangbladolescents, that as the demand
for cognitive flexibility increased on tasks, chidéth with NF1 demonstrated greater
impairment than controls.

A recent study by Sangster, Shores, Watt and N@fhl) included assessment
of the attention abilities of young children witlFlN, while examining their broader
cognitive and behavioral functioning. The perforrmeanf 26 children with NF1, ages 4
through 6, were compared to 21 control childremygosed of siblings and typically
developing children from the community, on measwfesustained attention (K-CPT)
and parental report of attention difficulties (CAD$he NF1 group demonstrated poorer
performance than controls on omission errors, r@atime errors, and variability.
However, group differences were no longer significeter controlling for intellectual
functioning. Additionally, parental report of attemn problems revealed no differences
between groups when controlling for maternal edanand intellectual functioning.
However, the authors note that, qualitatively, ata@h with NF1 were more likely to be
classified as having potential attention difficetithan their peers as measured by the K-
CPT (58.8% versus 15%) and were more likely todbed as inattentive by their parents
than controls (Sangster et al., 2011).

Generally, there is fairly compelling evidence soiping the presence of attention

difficulties in older children and adults with NfKayl & Moore, 2000; Koth et al.,



2000; Mautner et al., 2002; North et al., 2002;jbhegts et al., 2010; Templer et al.,
2012) and mixed support for attention difficultiasyoung children with NF1 (Sangster
et al., 2011, Legius et al., 1994). Studies exangi@ttention abilities in young children
with NF1 suffer from several limitations. Samplees are often small and may make it
difficult to detect significant differences betwegmoups. In the Sangster et al (2011)
study, the comparison group differed significamthylQ and maternal level of education.
While the authors were able to control for thosealdes statistically, areas of subtle
difficulty may have been masked. Additionally, gife limited number of studies
reporting attention abilities in young children wiXlF1, it is difficult to determine if
results would generalize to a larger sample. Tloeeefesearch that specifically
examines attention difficulties in young childrerttwNF1 is much needed.
Fine Motor Abilitiesin Children with NF1

Previous research on fine motor abilities in NF4& feecused on examining
difficulties mainly in school-aged children. Deseh@eker et al. (2005) found significant
impairment on complex psychomotor tasks in a sampbéhildren with NF1 between the
ages of 7 and 11. Additionally, Gilboa et al. (2p&falyzed the process and product of
handwriting among 8 to 16 year old children withINResults from this study showed
significant differences between the NF1 group atypecally developing control group.
Johnson et al. (2010) recently examined motortghili26 NF1 children between the
ages of 4 and 15, and found significantly lowerssdhan the normative sample for the
Total Motor Composite within the Bruininks-Oserstskest Version 2 (BOT-2).
Additionally, large effect sizes were found fordimotor precision, upper limb

coordination, bilateral coordination, balance, speed/agility and strength. Several other



studies examining the cognitive and behavioralifgaf school-aged children with NF1
have demonstrated fine motor difficulties (Billimgy et al., 2003; Hofman et al. 1994;
Hyman et al., 2005; Levine et al., 2006).

Understanding early motor difficulties in youngldnén with NF1 may help
predict later difficulties in fine motor, visual-nt@y integration and fine motor
coordination. A recent study published by SangSkgres, Watt and North (2011)
included examination of fine motor abilities in @@ildren with NF1 and 21 typically
developing preschoolers using the Beery Visual Mbttegration Test (VMI), as part of
a larger study of the cognitive profile of preschaged children with NF1. Contrary to
the findings in the literature of school-aged cteld Sangster et al. (2011) did not find
any significant differences between groups on thd ¥nce intelligence and maternal
level of education were controlled for statistigatHowever, as mentioned above, these
results should be interpreted with caution sineegtoups were not well matched on
important variables, such as age, which may hagewbd group differences. In fact,
considering that the contrast group was approxipétenonths younger than the NF1
group, the findings provide suggestive evidencéybang children with NF1 are
demonstrating difficulties with fine motor and goerforming similarly to children who
are 6 months younger. Therefore, these findingsligigt the importance of examining
fine motor difficulties more specifically, with aaN-matched control group, in young
children with NF1.

Only one additional study has specifically focusadnotor abilities in young
children with NF1. Lorenzo, Barton, Acosta & No(2011) analyzed motor functioning

using the Bayley Scales of Infant Development, 8ddedition (BSID-II) in 39 toddlers



(aged 21-30 months) with NF1 compared to 42 comtnidtiren matched by age and
mother’s years of education. The motor scale orB®BED-11 examines both gross and
fine motor abilities, such as crawling, walkingribbling and manipulation of small
objects. Their study found that toddlers with N Isignificantly poorer motor skills
compared to control children. Difficulties includddlays in fine motor and gross motor
development. Lorenzo et al. state that “monitochddren’s fine and gross motor
milestones is imperative...and may be ‘red flagst tharrant clinical attention and
further investigation.” One major limitation of ghstudy is that because the BSID-Il does
not produce separate scores for fine motor andsgrador development, it is not
possible to distinguish between fine and gross maotpairment in young children with
NF1.

Overall, there is very little research focused #pedly on the fine motor
characteristics of young children with NF1. Theseompelling evidence that fine motor
difficulties, especially for more complex fine motasks, are present for many school-
aged children with NF1 (Billingsley et al., 2003pfrhan et al. 1994; Hyman et al., 2005;
Levine et al., 2006). However, the vast majorityhedse studies utilizes small sample
sizes and only examines fine motor abilities uging or two measures, usually, within
the larger context of a general cognitive and ngsyohological evaluation. Future
research that explores both simple and complexnfiator skills would help identify
more precisely where the difficulties with fine rapabilities lie. The Johnson et al.
(2010) study provides a peek into early fine mataitities in young children with NF1,
however, a more thorough look at these abilities anoss-sectional design with a control

group is needed.



FineMotor Abilitiesand Attention

Recent studies have begun to examine the relaipbstween fine motor
abilities and attention in childhood by studying fine motor abilities of children with
ADHD. Motor problems, including delays in achievimptor milestones and problems
with motor planning, execution and coordinatiorg friequent coexisting problems for
many children with ADHD (Kalff et al., 2002; Piek Ryck, 2004). As many as 30% to
50% of children with ADHD suffer from co-occurrimgotor difficulties (Fliers et al.,
2008). Several studies have sought to explorediagionship between fine motor and
attention using correlational study designs (Tsetg., 2004; Whitmont & Clark, 1996;
Marcotte & Stern, 1997; Piek et al., 1999). A stbgywWhitmont and Clark (1996)
reported significantly lower fine motor scores ®year-old children with ADHD than
controls using the Fine-Motor Composite of the Bioks-Oseretsky Test of Motor
Proficiency (BOTMP). Marcotte and Stern (1997) med similar findings of
impairment on a measure of graphomotor abilities group of 80 children with ADHD
ages 8 through 13. Tseng, Henderson, Chow and 2Q@1J examined fine motor
abilities (using the BOTMP), teacher and parenorepf attention difficulties, and
sustained attention and impulse control (using Goidiagnostic System) in 84 children
with and without ADHD. Groups were matched for aggx and handedness and
included children between the ages of 6 and 11sy&asults revealed significant group
differences on measures of attention and visuoneaiotrol (Tseng et al., 2004). Fine
motor abilities were significantly correlated withpulse control, sustained attention and
impulsivity. Regression analysis indicated thataned attention and impulse control

were the best predictors of fine motor skills andoainted for 45.7% of the variance
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(Tseng et al., 2004). Fine motor skills have alserbassociated with severity of ADHD
symptoms (Whitmont & Clark, 1996; Doyle et al., 59®iek et al., 1999).

It has been suggested that this relationship betiiee motor and attention can
be interpreted in two ways. First, it is possilblattpoor inhibitory control and attention
interferes with fine motor abilities. This would bensistent with Barkley’s (1997)
proposed model that suggests poor inhibitory cdigra core deficit in ADHD that
affects other associated abilities, such as finenskill. Therefore, deficits in fine motor
abilities that are often found in ADHD would beigedt result of deficits in inhibitory
control. A few studies have substantiated thisthéy finding no significant difference
in simple fine motor abilities in children with amdthout ADHD, when using tasks such
tasks as fingertip tapping or grooved pegboard wdmnbitory control demands are low,
but reporting significant differences on more coexdine motor tasks that require better
attention and self-regulation (Grodzinsky & Diamptf92; Leung & Connolly, 1998;
Mariani & Barkley, 1997).

Alternatively, a second interpretation of the nelaship between fine motor
difficulties and attention problems would suggéstttADHD and fine motor deficits are
co-occurring problems that may share a common heanmectivity, possibly through
the cerebellum, or may be under the influence sifaxred dopamine system that would
hinder both abilities if impaired. A study by FlagpHouwen and Schoemaker (2006)
recently supported this theory by examining the@# of stimulant medication on fine
motor abilities of children with ADHD and Developntal Coordination Disorder (DCD)
compared to an age- and sex-matched control gRuipstantial improvements in fine

motor abilities were seen in children with ADHD-DQ@ID stimulant medication.
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However, the authors report that some fine motobl@ms still remained after
inattention and hyperactivity symptoms had beenliana¢ed by medication. Therefore,
Flapper et al. (2006) propose that attention amel finotor difficulties are comorbid
conditions that may share a common neural undeirgnbut are two distinct problems
(Flapper et al., 2006).

Most studies examining the relationship betweea firotor abilities and attention
abilities are conducted with school-aged child@nly one study specifically examines
both simple and complex fine motor functioning oupg children with ADHD. Kalff et
al. (2003) compared the performance of 5-6 yeachbildiren at risk for ADHD on a low-
level fine motor control task (Tracking task), hilgivel fine motor control task (Pursuit
task), and movement speed task (Purdue Pegbodniitjrén at risk for ADHD (and
confirmed at a 1.5 year follow-up) were comparetypacally developing control
children, children with ‘borderline ADHD’, and clilen with other pathological
disorders. Results show that 5-6 year old childvbo were later diagnosed with ADHD
were less accurate and more variable on both taskwining fine motor control. There
were no differences between groups on the movespa®d task. Kalff et al. (2003)
suggested that “young children at risk for ADHD @a/more pronounced deficit in
movement patterns when task demands are high, dgrabng a specific deficit in
higher-order controlled processes” (pg 1054).

Few other studies have systematically examinedkethed of complexity needed to
complete different fine motor tasks; however, tremeemany benefits from examining
fine motor abilities in this way. As proposed byrBay (1997), breaking down fine

motor tasks into different classifications depegdam their level of executive control can
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help disentangle where the primary deficit in fmetor difficulties lie. Two other studies
have alluded to the importance of studying fineandifficulties at varying complexity
levels, including studies by Kroes et al. (2002) &geland, Ueland, and Johansen
(2012). As Kroes et al. (2002) highlighted in th&tindy of quantitative and qualitative
aspects of fine motor performance in preschoolén wWDHD, qualitative aspects of
motor skills (e.g. quality of fine motor controldnoordination) were predictive of later
development of ADHD, whereas quantitative perforogae.g. simple motor speed) was
not. Additionally, a recent article by Egeland ket(2012) found a difference in
performance on complex, but not simple, fine medsks in the different ADHD
subtypes.

In sum, there is some compelling evidence sugggstirelationship between fine
motor abilities and attention, however this reskeascstill in its infancy. The theoretical
model underlying the co-occurrence of attention famel motor skills deficits is in need
of further research. Most studies examining thiati@nship are correlational in nature
and use differing experimental methods to concdigiand measure fine motor and
attention. While the design of the proposed studiynet allow for the direct analysis
necessary to compare the theoretical models pextabbve, the proposed study will
better characterized the specific components eftnotor skills affected in NF1 and their
relation to attention abilities in young childremtiwand without NF1.

Summary

Previous research has focused on behavioral amdtv@gimpairments of school-

aged children with NF1 (Descheemaeker et al., 2B0bregts et al., 2010; Hyman et

al., 2005). Currently, there is very little resénanalyzing the fine motor abilities of
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young children with NF1. Additionally, there is ydittle research examining the
relationship between fine motor and attention diffiies in young children more
generally. By better understanding the charactesistf the early fine motor abilities and
parental report of early attention difficultiesyiaung children with NF1, we may be able
to better understand the relationship betweenrfin®r abilities and attention. The
proposed study aims to explore those abilitiesratationships and provide much-needed
descriptive data. Additionally, given that fine modifficulties are often noticed at an
earlier age than attention difficulties, if relat®between fine motor abilities and
attention are observed, this research would proardenportant step toward a contention
that early intervention programs developed to inpritne motor abilities may also
lower the risks for children to develop attentioficLilties over time.
Hypotheses

Hypothesis 1

Group differences in complex fine motor abiliteeg not simple fine motor
abilities are expected. A larger proportion of angn with NF1 will display difficulties
in complex fine motor abilities but not simple fmetor abilities on lab-based measures
than typically developing children.
Hypothesis 2

Group differences in parental report of fine mo#ilities are expected. A larger
proportion of children with NF1 will display deftsiin fine motor abilities as measured

from parental report compared to typically develapichildren.
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Hypothesis 3

A positive relationship will exist between lab-bdseeasures and parental report
of fine motor difficulties.
Hypothesis 4

A positive relationship will exist between lab-edsneasures of complex fine
motor difficulties and parental report of inatteori and hyperactivity.

Methods

Participants

Participants include 38 children diagnosed witHLIRd 23 typically developing
children between the ages of 4 and 6 years. Thérehiwith NF1 diagnoses were based
on the NIH Consensus Conference criteria (NIH, 3}388a physician specializing in
such diagnoses. The typically developing group isteef children recruited from the
community and siblings of children in the NF1 gro6p% of the sample was male (36
males, 25 females). 48 of the participants werec@sian (79%), 4 were African
American (7%), 5 were Hispanic (8%), 2 were Asid%), and 2 were of mixed ethnicity
(3%). Children who did not speak English were edellifrom the study.
Procedures

Participants with NF1 and their siblings were uvited through the
Neurofibromatosis Clinics at the Children’s Hosp@BWisconsin, Medical College of
Wisconsin and University of Chicago Hospitals. Adxial typically developing children
were recruited using flyers that were posted amaléd out at preschools, daycare

centers and public libraries in the community.
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Participants completed the assessment either &hheé Neurodevelopment
Research Lab (CNRL) at the University of Wisconsliwaukee or at the Pediatric
Neuropsychology Clinic (PNC) at the University dfi€ago Hospitals. Each child was
administered age appropriate norm-referenced neycbplogical assessments by a
trained member of the study team. Parents weeevietved about adaptive behavior
using the Scales of Independent Behavior, Revisedding Maladaptive Behavior
section) during their child’s assessment in anaafjaroom.

M easur es

All measures chosen have been developed for ukechildren from ages 4 to 6
and are widely used in preschool and school agessament and research. All
neuropsychological measures are norm-referencettareldemonstrated strong
psychometric properties, including good reliabikiyd validity. These measures have
been used with both typically developing childrewl &hildren with a variety of
developmental disorders. These measures werdexkecpick up on subtle impairment
that is commonly found in young children with NF-1.

Differential Ability Scales-Second Edition: Earlgafs Form (DAS-II; Elliot,
1990).The DAS-II is a commonly used, comprehensive measticognitive abilities for
children ages 2-6 to 17-11. The DAS-II is empiticderived and demonstrates
excellent internal consistency, test re-test rdltgland correlates highly with other
commonly used measures of cognitive abilities. DA&-II provides good normative
data collected on a large representative nati@rapse and contains excellent floor and
ceiling levels, making it appropriate for childresth neurodevelopmental disorders.

This measure yields an overall composite score (364t is equivalent to a full-scale
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IQ score. The GCA includes into two cluster scomeduding Verbal Abilities and
Nonverbal Abilities. In this study, participantsivdomplete the core subtest for the
Early Years Form (including Verbal Comprehensioanthg Vocabulary, Picture
Similarities, Matrices, and Copying) to yield a GGahich will be used to assess
intellectual functioning generally. Additionall\h¢ DAS-II Copying subtest score will be
examined to assess fine motor abilities. The Capgurbtest examines visual-perceptual
matching and fine motor coordination in copyingelisrawings. Subtest scores will be
reported in t-scores (mean of 50, standard dewiatfd 0). Given that the Copying
subtest score (which is the main measure usedkéonig@ing complex motor ability in
this study) is embedded in the GCA composite secbe2DAS-11 Nonverbal Abilities

(NV) composite score will be used to assess antt@dor the role nonverbal reasoning
ability on all levels of fine motor ability.

NEPSY — Second Edition (NEPSY-II; Korkman, Kirkk&mp, 2007)The
NEPSY-Il is a widely used measure that assess&r@his performance in areas of six
theoretically derived domains, including Attentiand Executive Functioning, Language,
Memory and Learning, Sensorimotor, Social Percepdiod Visuospatial function.
Administration of selected subtests takes approteéin®-10 minutes and is designed for
children 3-16 years old. This measure yields scatedes (mean of 10, standard
deviation of 3) and percentile ranges for eachesibfor this study, performance on the
Sensorimotor subtests (Fingertip Tapping, Imitatita;nd Positions, and Visual Motor
Precision) will be examined.

Fingertip Tapping is a timed subtest comprisedwaf tomponents in which the

child is asked to copy a series of finger motioesdnstrated by the examiner as quickly
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as possible. The first part (Repetitions) is desibto assess finger dexterity and motor
speed. The second part (Sequences) is designsddssaapid motor programming. This
subtest was normed and only administered to 5 areh60old children; therefore,
participants who were 4 years old did not compllei® subtest. Imitating Hand Positions
is a subtest designed to assess the ability tatenitand and finger positions
demonstrated by the examiner. Difficulty on thibt&st could indicate difficulty with
fine-motor coordination and sensorimotor differatin. Visuomotor Precision is a
timed subtest designed to assess graphomotor apéeatcuracy by drawing lines inside
of tracks as quickly as possible. Both precisiot sjpeed are measured. This subtest
examines manual fine-motor coordination and mamgabr speed. Imitating Hand
Positions and Visuomotor Precision was normed hdden as young as 3, therefore, all
participants will complete both subtests.

Summary of Fine Motor Measuréss discussed in the introduction, there are
many benefits from examining differing levels ohgalexity of fine motor tasks. For the
purpose of this study, the Fingertip Tapping — Riéipas subtest will be classified as a
simple fine motor task. Fingertip Tapping — Seq@snhdémitating Hand Positions, and
Visuomotor Precision will be classified as mid-lefree motor tasks. Finally, Copying
will be classified as a complex fine motor taske3# classifications are based off the
similar studies within the current fine motor alyiliterature. Table 1 details the specific
fine motor ability scores that will be examinediie NEPSY-2 and DAS-II subtests, as
well as, their classified level of complexity.

Scales of Independent Behavior — Revised (SIB-lniBks, Woodcock,

Weatherman, & Hill, 1996)The SIB-R is a comprehensive, normative referenced
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measure of adaptive behavior for children and adulihe SIB-R demonstrates excellent
reliability and validity. The SIB-R will be admstered in an interview format with the
child’s parent. Administration takes approximatéyminutes to assess 14 adaptive
behavior domains. This measure yields an overafipmsite of Broad Independence.
Clusters include composite scores in Motor Sk#iscial Interaction and Communication
Skills, Personal Living Skills, and Community Ligrskills. The Motor Skills domain is
made up of two subscales including Fine Motor anos& Motor. For the purpose of this
study only the Fine Motor domain score will be gmeal. This will be done using raw
scores (range 1 to 57) and skill level categofiagd appropriate and above”, “limited to
age-appropriate”, and “limited”), as no standarores are yielded for this domain.

The Conners’ Parent Rating Scales—Revised ShorhEGonners; Conners,
2001).The Conners’ is a widely used measure of attertifficulties in children and is
often used to assist in the evaluation of ADHDhildren. The Conners’ was developed
for use with children between the ages of 3 andrid’is completed by parents. It was
standardized using over 2, 000 children and adetésand has demonstrated good
reliability and validity. The measure includes fandexes, including the Hyperactivity,
Cognitive Problems/Inattention, Opposition and ADHiDex. This study will analyze
the results of all fours scales, which are repoineescores (mean of 50, standard
deviation of 10).

Results

In this section, the data from laboratory-based fimotor abilities and parental

report of fine motor ability and attention diffi¢cids are provided. First, descriptive

statistics examining group differences in geneoaintive functioning will be provided.
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Next, performance on lab-based fine motor taskaméxed at three levels of complexity
(simple, mid-level, complex), will be provided fboth children with NF1 and TD
children. Analysis examining the role of nonversiall in fine motor ability will also be
provided. Next, parental report of fine motor ak@b measured using the SIB-R will be
reviewed and then compared to performance on labebmeasures of fine motor ability.
Finally, relations between fine motor ability arar@ntal report of attention difficulties
will be examined.

The data were analyzed using IBM SPSS for Windeession 20. Findings are
interpreted with respect to both statistical sigaifice and effect size. For all analysis, a
“difficulty” was operationalized as a score onamore standard deviations below the
normative mean. A p-value of .05 was used, butrgthe small sample size, p-values
between .05 and .1 were considered trends andsareegported to decrease the chances
of dismissing significant findings because of loower. Interpretations of Cohen’s d
are as follows: negligible effect = 0 — .14, snedfect = .15 — .39; medium effect = .40 —
.74; large effect = .75 and above. Spearman’swd®used when correlational analyses
were conducted and interpretations of correlatitecesize (Cohen, 1988) are as
follows: small = .1 — .3; medium = .3 — .5; large5=— 1. The stability of the correlations
must be interpreted with caution given the smatigla size. Table 2 summarizes the
demographic data for each group.

General Cognitive Abilities

The GCA composite score from the DAS-1l was useekamine general

cognitive functioning. For children with NF1, theeem GCA score fell in the average

range M = 94.45SD = 14.33). The mean GCA score for TD children &dbin the
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average rangeM = 109.61,SD= 9.02). An independent-samples t-test was coedutct
compare the GCA scores for children with NF1 andchiddren. There was a significant
difference between groups(b9) = -4.54p < .001, two-tailed). The Nonverbal Abilities
(NV) composite score from the DAS-1I was the prignareasure used to examine
nonverbal reasoning skills. For children with NEie mean NV score fell in the average
range M = 96.55,SD = 13.90), as did the TD children’s NV scoié € 104.43SD=
11.57). An independent-samples t-test was conduotedmpare the NV scores for
children with NF1 and TD children. There was a gigant difference between groups (
(59) = .47 p = .026, two-tailed). Given that the GCA is a cosipothat includes the
Copying subtest score, the NV score will be usea esvariate in the analysis of
variables that may account for differences in fimator ability scores.

Fine Motor Functioning

Simple Fine Motor Abilities. The Fingertip Tapping — Repetitions (FTT) subtest
from the NEPSY-Il was the primary measure usedk#oene simple fine motor abilities
in young children with and without NF1. The Fingerapping - Repetitions subtest
measures finger dexterity and motor spééat. all children were administered FTT
Repetitions because the subtest is only standardrechildren 5 and older, therefore,
25 children with NF1 and 16 TD children completbi$ imeasure.

For the children with NF1 (n = 25), the mean FTp&eions score fell in the
average rangeM = 10.04,SD = 2.70). One-sample t-tests were conducted to eoenhe
children with NF1’'s mean scores to the mean frommative data and the rates of
difficulties were also examined using frequencylysia. Performance on FTT

repetitions was not significantly lower than woblel expected based on the normative
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data [ (24) = 0.07p = .942]. Three children (12%) had FTT Repetitioares one or

more standard deviations below the mdaor.16 TD children, the mean FTT Repetitions
score also fell in the average ranlye<£ 11.25,SD = 2.32). One-sample t-tests were
conducted to compare the TD children’s mean sdord® mean from normative data
and the rates of difficulties were also examinadgishi-square. Performance on FTT
repetitions was significantly higher than wouldéxgected based on the normative data
[t (15) = 2.15p = .048]. None of the TD children (0%) had FTT Rtpsn scores one or
more standard deviations below the mean.

An independent-samples t-test was conducted to amrtpe simple fine motor
scores for children with NF1 and typically develogichildren. There was no significant
difference in FTT Repetition scores for childrenttwNF1 and TD childrent (39) = -
1.47,p = .148, two-tailed). A medium effect size was olsed d = 0.48, mean
difference = -1.21, 95%lI: -2.86 to .449). A chi-square test indicates tivegis no
significant difference in the proportion of childrevith NF1 falling in the delayed range
(12%) as compared with the value of 0% TD childpér(1, n= 41) = .2.07p = .150].

Mid-Level Fine Motor Abilities. The Fingertip Tapping — Sequencing (FTT),
Imitating Hand Positions (IHP), and the Visual MoRyecision (VMP) subtests from the
NEPSY-Il were the primary measures used to examideevel fine motor abilities in
young children with and without NF1. The FingefTigpping — Sequencing subtest
measures rapid motor programming. The ImitatingdH@asitions subtest measures fine-
motor coordination and sensorimotor differentiataod the Visual Motor Precision
subtest measures fine-motor coordination and mano#dr speed. Not all children were

administered all three of these measures becauB&Egduencing is only standardized
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for children 5 and older, therefore, only 25 chaldwith NF1 and 16 TD children
completed this measure. All children were adminestdmitating Hand Positions and
Visual Motor Precision.

For the children with NF1 (n = 25), mean FTT Seaug score fell in the
average rangeV = 8.32,SD = 3.44). When examining all children with NF1 het
sample N = 38), the IHP scores fell in the low average rafMe 7.11,SD= 2.02), and
the VMP scores fell in the low average ranfex7.79,SD = 2.83). One-sample t-tests
were conducted to compare the children with NFleamscores to the mean from
normative data and the rates of difficulties wdse &xamined using frequency analysis.
Performance on FTT Sequencing was significantlyelotman would be expected based
on the normative data (24) = -2.43p = .023]. Three children (12%) had FTT
Sequencing scores one or more standard deviatedow lthe mean. Performance on IHP
was also significantly lower than would be expediaded on the normative datd37) =
-8.81,p < .001]. Fifteen children (39.5%) had IHP scoras or more standard deviations
below the mean. Additionally, performance on VMPsw&nificantly lower than would
be expected based on the normative da{3/]) = -4.79p < .001]. Thirteen children
(34.2%) had VMP scores one or more standard dewmtielow the mean

FTT Sequences was available for 16 TD children.mlean FTT Sequencing
score fell in the average randé € 9.75,SD= 2.93). When examining all TD children in
the sampleN = 23), the IHP scores fell in the average ralMe=(8.87,SD= 1.93), and
the VMP scores fell in the average ranlye<9.96,SD = 4.06). One-sample t-tests were
conducted to compare the TD children’s mean sdord® mean from normative data

and the rates of difficulties were also examinaedgifrequency analysis. Performance on
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FTT Sequencing was not significantly lower than lddee expected based on the
normative datat[(16) = -.34p = .738]. One child (6.2%) had a FTT Sequencingescor
one or more standard deviations below the meamofgnce on IHP was significantly
lower than would be expected based on the normdatef (22) = -2.79p = .010].
Three TD children (13%) IHP scores one or moredsieshdeviations below the mean.
Additionally, performance on VMP was not signifitigriower than would be expected
based on the normative datg22) = -0.51p = .960]. Four children (17.4%) VMP scores
one or more standard deviations below the mean

Independent-samples t-tests were conducted to aentipa mid-level fine motor
scores for children with NF1 and typically develogichildren. There was no significant
group difference in FTT Sequencing39) = -1.37p = .178, two-tailed). A medium
effect size was observed £ 0.45, mean difference = -1.430, 9% -3.47 to .612).
There was a significant group difference in IHPresd (59) = -3.352p = .001, two-
tailed). A large effect size was observdd=(0.9, mean difference = -1.76, 9504 -
2.818 to -.711). Additionally, there was a sigrafit group difference in IHP scords (
(59) =-2.45p = .017, two-taileyl A medium effect size was observeb=0.66, mean
difference = -2.167, 95%l: --3.937 to -.397). A chi-square test indicates¢hwvas a
significant difference in the proportion of childrevith NF1 falling in the delayed range
on IHP (39.5%) as compared with the value of 13%cHildren ¢ (1, n= 61) = .4.81p
=.028). However, no significant differences wevarfd on FTT Sequencing (NF = 12%,
TD = 6.2%;% (1, n= 41) = .366p = .545) and VMP (NF = 34.2%, TD = 17.4%;(1,

n=61) =.2.01p = .156).
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Complex Fine Motor Abilities. The Copying subtest from the Differential
Ability Scales — Second Edition (DAS-Was the primary measure used to examine the
complex fine motor abilities in young children weihd without NF1. The Copying
subtest measures visual-perceptual matching aedvimtor coordination. For children
with NF1, the mean Copying score fell in the loveage rangeM = 41.84,SD=
8.525). One-sample t-tests were conducted to cartharchildren with NF1's mean
scores to the mean from normative data and the oditéifficulties were also examined
using frequency analysis. Performance on Copying significantly lower than the
normative datat[(37) = -5.89p < .001]. Thirteen children (34.2%) had Copyingreso
one or more standard deviations below the meanTBachildren, the mean Copying
score fell in the average randé € 52.74,SD = 8.00). Performance on Copying was not
significantly lower than the normative datg22) = 1.64p = .115]. One TD child (4.3%)
had a Copying score one or more standard deviatielosv the mean.

An independent-samples t-test was conducted to amrtpe complex fine motor
scores for children with NF1 and typically develagichildren. There was a significant
group difference in Copying scorag%9) = -4.95p < .001, two-tailed). A very large
effect size was observed £ 1.33, mean difference = -10.89, 984 -15.30 to -6.49). A
chi-square test indicates there was a significdfgrdnce in the proportion of children
with NF1 falling in the delayed range (34.2%) ampared with the value of 4.3% TD
children & (1, n= 61) = .7.22p = .007]. Table 3 summarizes the findings for finetor
ability.

Given that the groups differed in nonverbal alg$itia repeated measures

multivariate analysis of covariance was perforneedtatistically control for group
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differences in nonverbal reasoning (NV). Prelimynassumption testing was conducted
to check for normality, linearity, univariate andiltivariate outliers, homogeneity of
variance-covariance matrices and multicollineamtith no serious violations noted.
There was a statistically significant omnibus gralifference, taking into account
nonverbal reasoning abilities on the combined déeetnvariablest (4, 55) = 5.228p =
.001; Wilks’ Lambda - .725; partial eta square@#. When the results for the
dependent variables were considered separately,Gaytying,F (1, 59) = 17.492p <
.001, partial eta squared = .232 and IAR], 59) = 7.238p = .009, partial eta squared =
111 showed group differences even after NV abditvere taken into account. This
finding indicates that group differences in compli@e-motor functioning persist even
after controlling for nonverbal reasoning skills.
Parent Measure of Fine Motor Functioning

The Fine Motor (FM) subscale of the Scales of lehejent Behavior — Revised
(SIB-R) was used to measure parental report ofrfinéor difficulties in young children
with and without NF1. The Fine Motor subscales measeveryday adaptive fine motor
functioning. For children with NF1, the raw FM sedell in the “age-appropriate” range
(raw = 34.03,SD = 5.856). Frequency analysis was used to examogglifferences in
the proportion of children falling in the developmtaly delayed category provided by
the SIB-R normative data. Twelve children (31.6%l fFM scores falling in the
developmentally delayed range. For TD children,rdve FM score fell in the “age-
appropriate” rangedw = 37.22,SD= 5.469). Frequency analysis was used to examine

group differences in the proportion of childrerifad in the developmentally delayed
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category provided by the SIB-R normative data. €rB children (13%) had FM scores
falling in the developmentally delayed range.

An independent-samples t-test was conducted to ammthe parental report of
fine motor abilities (raw scores) for children with-1 and typically developing children.
There was a significant difference in FM scoresctatdren with NF1 and TD children (
(59) =-2.114p = .039, two-tailed). A medium effect size was aled d = .57, mean
difference = -3.191, 95%l: -6.212 to -.170). A chi-square test indicatesdheas no
significant difference in the proportion of childrevith NF1 falling in the
developmentally delayed range (31.6%) as compartdtiae value of 13% TD children
[ (1, n= 61) = .2.65p = .103].

Relations between L ab Based Fine Motor and Parental Report

Relations between fine motor abilities (as measbseBTT Repetitions, FTT
Sequences, IHP, VMP, and Copy) and parental redirnie motor abilities (as measured
by FM subscale from the SIB-R) were investigategdgi®earson product-moment
correlation coefficients. Preliminary analyses waeeformed to ensure no violation of
the assumptions of normality, linearily and homassticiy. For children with NF1,
there was a large, positive correlation betweenyidgpand FM = .443.n=38,p =
.005, two tailed), with higher performance on Cogyassociated with higher scores
reported by parents on the FM subscale of the SIBHRre were no significant
correlations found for between parental reportmd imotor difficulties and lab-based

measures of fine motor ability for TD children.
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Parental Report of Attention Difficulties

The Hyperactivity, Cognitive Problems/Inattenti@pposition and ADHD Index
of the Conners’ Parent Rating Scales — Revisedr{@s) served as the primary
measures of attention difficulties in young childmeith and without NF1. Table 4
provides descriptive statistics for scores yielttech the Conners. One-sample t-tests
were conducted to compare the children with NFléamscores to the mean from
normative data. Parental report of attention diffies was significantly lower than
would be expected based on the normative dateeiCtgnitive Problems/Inattention [
(37) =4.71, p <.001], Hyperactive(B7) = 3.18p = .003], and ADHD Indext[(37) =
5.61,p <.001] scales. Parental report of attention clitties was not significantly
different from the normative data for TD children.

An independent-samples t-test was conducted to amgarental report of
attention difficulties for children with NF1 andgigally developing children. There was
no significant difference in Opposition index scofer children with NF1 and TD
children t (59) = .752p = .455, two-tailed]. However, there was a sigaificdifference
between groups on the Cognitive Problems/Inattaritic9) = 2.99p = .004, two-
tailed], Hyperactivet[(59) = 2.58p = .012, two-tailed], and ADHD Index (59) = 3.77,
p <.001, two-tailed] scales. A large effect sizeswwserved for Cognitive
Problems/Inattentiord(= 0.8, mean difference = 9.399, 9%% 3.113 to 15.68), a
medium effect size for Hyperactivd € 0.7, mean difference = 8.348, 9%k 1.897 to
14.799, and a large effect size for the ADHD In@¢x 1.01, mean difference = 9.974,

95%CIl: 4.681 to 15.267) scales.
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Relations between Fine Motor Functioning and Attention Difficulties

Relations between fine motor abilities (as measbseBTT Repetitions, FTT
Sequences, IHP, VMP, and Copy) and parental rep@ttention difficulties (as
measured by the Conners) were investigated usiags®e product-moment correlation
coefficients. Preliminary analyses were perforneedrsure no violation of the
assumptions of normality, linearily and homoscedsstThere was a large, positive
correlation between Opposition and FTT Repetitigns .611,n = 25,p = .001), with
higher performance on Repetitions associated wadheroppositional behaviors reported
by parents on the Opposition index scale on then€amn

Discussion

The goal of the current study was to provide mofermation about the early
emergence of fine motor difficulties and its redaship with attention difficulties in
young children with NF1 compared to typically denyghg children. Fine motor abilities
were examined at varying complexity level, from giento complex. Results of the
current study indicate that children with NF1 ddéx significant impairment on mid-
level and complex fine motor tasks when compardgizally developing children.
Difficulties in fine motor abilities persisted evafter nonverbal reasoning was taken into
account. This study also examined the relationsbtpreen fine motor performance and
parental report of attention difficulties. Howeveg significant relationship between fine
motor abilities and parental report of attentiofficlilties were found. In the following
section, | summarize the findings from the analys@s$ discuss how these results relate
to the proposed hypotheses. | describe some lionigbf the current study, as well as,

provide general conclusions and directions forreinesearch.
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Hypotheses Revisited

Group differences in complex and mid-level fineanabilities but not simple
fine motor abilities are expected. A larger propontof children with NF1 will display
deficits in complex and mid-level fine motor ak@ktbut not simple motor abilities on
lab-based measures than typically developing chiidr

Significant group differences in complex and negdl fine motor tasks were
demonstrated in the current study. Children witiLM&d more difficulty than typically
developing children on two mid-level fine motorkashat measured fine motor
coordination, sensorimotor differentiation, and mr@mmotor control. Additionally,
children with NF1 also showed more impairment thgoically developing children on a
complex fine motor task that examined fine motayrdnation, control, and visual-
perceptual matching. These findings suggest thatrfiotor difficulties can be
demonstrated in young children with NF1, as suggkBy Lorenzo et al.’s (2011) study
that found significant fine motor impairment in tiers with NF1. Additionally, these
findings lend support to other studies that denratesimpairment on complex fine motor
tasks in school-aged children with NF1 (Billingskgyal., 2003; Descheemaeker et al.,
2005; Gilboa et al., 2010; Hofman et al. 1994; Hgregaal., 2005; Johnson et al., 2010;
Levine et al., 2006). However, the findings demaatsd in the current study are contrary
to the results reported by Sangster et al.’s (281iidy of fine motor abilities in a sample
of preschool children with and without NF1, in wiico significant difference in Beery
VMI scores were found after statistically contnagjifor general cognitive ability and
maternal level of education. One possibility of laxming this discrepancy is that the

Sangster et al. (2011) study did not utilize a weditched control group, which may have
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hindered the ability to demonstrate significanteténces between groups. Future studies
replicating the findings of the current study aeeded to clarify the discrepancy seen in
the fine motor abilities in young children with NFAdditionally, these findings help
support a growing body of literature emphasizingjithportance of examining fine motor
abilities at different complexity levels.

Group differences in parental report of fine mo#tuilities are expected. A larger
proportion of children with NF1 will display deftsiin fine motor abilities as measured
from parental report compared to typically develapichildren.

A significant group difference in parent-reportete motor abilities was
demonstrated in the current study. This findinggasgs that children with NF1 are
showing more difficulties with everyday, fine motasks compared to typically
developing children. It also indicated that thdidifities with fine motor activities are
pervasive enough to impair performance on adajitnreemotor tasks, not just lab-based
measures.

A positive relationship will exist between lab-bdseeasures and parental report
of fine motor difficulties.

A large positive correlation between parental repbfine motor abilities and a
complex fine motor was seen for children with NBat not for typically developing
children. Results suggest that better performandalmbased complex fine motor tasks
was associated with parental report of better elagryfine motor functioning. Parent-
reported fine motor functioning was not signifidgrassociated to other lab-based
measures of fine motor ability. This is an impottiamding that may indicate that the

complex lab-based fine motor tasks may be therbhessure of everyday, adaptive fine
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motor functioning. Specifically, these findings gegt that parents are reporting more
difficulties on fine motor tasks that require higleeder controlled of fine motor tasks
(e.g. tying shoelaces, writing first and last namather than difficulties on lower-order
controlled fine motor tasks (e.g. picking up obgeeith two fingers). Additionally, these
results could suggest that everyday, adaptiverfintor tasks are typically more complex
in nature and tend to require higher-ordered coptmcesses.

A positive relationship will exist between lab-bdiseeasures of complex fine
motor difficulties and parental report of inattemri and hyperactivity.

No significant correlation was found between coemgdine motor difficulties and
parental report of inattention and hyperactivithisifinding is contrary to previous
literature that suggests a relationship betweemttin and hyperactivity and fine motor
difficulties (Fliers et al., 2008; Kalff et al., @Q; Marcotte & Stern, 1997; Piek et al.,
1999; Piek & Dyck, 2004; Tseng et al., 2004; Whitm& Clark, 1996). However, the
lack of a significant correlation in this study mag more suggestive of a different profile
of ADHD symptoms for children with NF1. Some recesdearch suggests that children
with NF1 present with a different profile of ADHI®ptoms than typical children with
ADHD (North et al., 1995; Hofman et al., 1994). Timalings from these studies report
that children with NF1 have more symptoms relatedifficulties with inattention and
are more likely to be diagnosed with ADHD - Inattem Type, when compared to other
children with ADHD (Ferner et al., 1996; North ¢t 4995; Hofman et al., 1994). This
may explain why the theoretical model presente8énkley (1997) does not fit the
results of the current study. As discussed innt@duction, Barkley suggested that

difficulties in fine motor abilities are a result@ deficit in inhibitory control. If children
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with NF1 show the greatest difficulty with sustadregtention rather than inhibitory
control, then it seem likely that their impairmemt complex fine motor tasks would not
be as evident as it is for children with ADHD, mgenerally.

Finally, a lack of significant findings in the cant study may be due to the age of
the children examined. The majority of the pregigtudies that demonstrated a
relationship between attention and fine motor ediwere conducted in school-aged
children with ADHD. Only one study has examined tthlationship in young children
with ADHD (Kalff et al., 2003); therefore, more szsch is needed in order to make a
definitive conclusion on the nature of the relasioip between fine motor skill and
attention in young children.
Limitations and Future Directions

The current study represents the first investigati@at examined differing levels
of fine motor abilities and their relations to atien difficulties in young children with
NF1 compared to same-aged typically developinglohil. However, the current study is
not without several limitations. First, the curretudy utilized a relatively small sample
size. Further studies using a larger number ofgpaints, including younger and older
children, would be helpful for further understarglthe development of fine motor skills
and attention difficulties in children with NF1, meogenerally. Second, the current study
employed a cross-sectional design to examine fionabilities in 4-6 year old
children, which limits the ability to interpret tmesults from a developmental viewpoint.
Future studies using a longitudinal design wouldbéier able to describe the course and
development of fine motor difficulties and its diteelationship to attention difficulties.

Finally, the current study only examined one measdiisimple fine motor ability and
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only one measure of complex fine motor ability.tUfa studies would benefit from using
more simple and complex fine motor tasks in orddydtter generalize the results.
Conclusions

The present study outlines the fine motor diffimd seen in young children with
NF1 compared to typically developing children. Ebildren with NF1, significant
difficulties were demonstrated on lab-based, migtl@and complex fine motor tasks,
even after controlling for nonverbal reasoningiéibs. These findings suggesting that
children with NF1 do not differ significantly fromD children on lab-based, simple fine
motor tasks. Additionally, these findings were otwrated by parental report of
difficulties in adaptive fine-motor functioning. €rcurrent study also examined the
relation between fine motor ability and parentg@la® of attention difficulties. While no
significant correlations were found between comgie& motor ability and attention
difficulties, results may be related to the podiibof attention difficulties for children
with NF1 that is qualitatively different from chreh with ADHD alone. Future research
using larger sample sizes and longitudinal designgeded to further explore the

relationship between fine motor abilities and &ttan
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Table 1.

NEPSY-2 and DAS-II Subtest Score Descriptions

Subtest Score ComplexityScore Type  Measures
Fingertip Repetitions Simple Scaled Score Fine-motor control and
Tapping Combined Score dexterity
Sequences Mid-level  Scaled Score Fine-motor programming
Combined Score
Imitating Total Score Mid-level  Scaled Score Fine-motor cowtion
Hand and sensorimotor
Positions differentiation
Visuomotor Combined Score Mid-level  Scaled Score Fine-motor coordination
Precision and manual motor speed
Copying Subtest Score Complex T-score Fine-motor coordinati

and motor control
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Table 2.

Demographic Data

NFL1 (n=38)  TD (n=23)

Gender
Male 21 (55%) 15 (65%)
Female 17 (45%) 8 (35%)
Age in Months
Mean 63.08 months 64.70 months
Range 48-82 months 48-82 months
Ethnicity
Caucasian 28 (74%) 20 (88%)
African American 3 (8%) 1 (4%)
Hispanic 5 (13%) 0 (0%)
Asian 1 (2.5%) 1 (4%)

Mixed 1 (2.5%) 1 (4%)
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Table 3.

Group differences on selected NEPSY-Il and DASetbrrelated subtests

NF1 TD

Subtest N Mean (SD) N Mean (SD) Sig
Fingertip Tapping

Repetitions 25 10.04 2.70 16 11.25 + 2.32

Sequences 25 832 344 + 16 9.75 2.93
Imitating Hand Positions 38 7.11 2.02 ++ 23 8.87 ++ 193 **
Visuomotor Completion 38 7.79 2.83 ++ 23 9.96 406 *
Copying 38 41.84 852 ++23 52.74 7.99

Significantly different from normative data in osample t-test + p <.05; ++ p <.001
Significant group differences * p < .05; ** p < D0
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Table 4.

Group differences on the Conners’ Parent Ratingé&ca

NF1 TD
Scale N Mean (SD) N Mean (SD) Sig
Opposition 38 54.21 14.02 23 51.65 10.65
Inattention 38 59.92 1296 ++ 23 50.52 9.83 *
Hyperactivity 38 57.00 13.57 ++ 23  48.65 9.46 *
ADHD Index 38 59.97 10.95 ++ 23  50.00 8.18 **

Significantly different from normative data in osample t-test + p <.01; ++ p <.001
Significant group differences * p <.01; ** p < D0




