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Abstract
Children with neurofibromatosis type 1 (NF1) often demonstrate difficulties with attention and executive functioning that can be
evident starting at a young age. There has been little research about which measures of attention are most suitable for use with
young children with NF1. This pilot study explored several computerized measures of attention, a digits forward task, and parent
report measures of attention to compare their reliability, validity, and the degree to which they capture attention difficulty in this
population. Participants with NF1 ages 4 to 6 years were seen for one (n=2) or two (n=18) time points. Statistical analyses for
evaluating evidence for test-retest reliability, convergent and discriminant validity, practice effects, and identification of diffi-
culties were conducted. Each measure demonstrated relative strengths and weaknesses, and there may not be a “one size fits all”
measure for use with young children with NF1. However, the Behavior Rating Inventory of Executive Function Preschool/
Second Edition, Conners Early Childhood Inattention/Hyperactivity Scale, and the Conners Kiddie Continuous Performance
Test Second Edition generally had the highest reliability and most evidence of validity. More specific recommendations are
provided for the appropriate measure to use in clinical and research batteries.
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Introduction

While neurofibromatosis type 1 (NF1) is associated with sev-
eral medical and cognitive difficulties, one of the most appar-
ent cognitive difficulties is attention, with the vast majority of
research focusing on the school-age years. Attention deficit/
hyperactivity disorder (ADHD) and attentional difficulties
more broadly are prevalent across many genetic syndromes,
including NF1 (Lo-Castro et al., 2010). Although 40–60% of
children with NF1 meet criteria for ADHD, much higher than
in the general population (Lehtonen et al., 2013; Polanczyk
et al., 2014), an even larger proportion demonstrate difficulties
with attention and executive function (Beaussart et al., 2018;
Casnar & Klein-Tasman, 2017; Isenberg et al., 2013; North
et al., 2002; Plasschaert et al., 2016). Generally, children with
NF1 more frequently have difficulties relating to inattention
than hyperactivity (Lidzba et al., 2012; Payne et al., 2011).
While attention and executive difficulties are evident based on

the NF1 literature, there is no study to date that demonstrates
the reliability or validity of attention and emerging executive
measures in young children with NF1.

Attention and Executive Difficulties in Children with
NF1

Attention and executive difficulties have been described as a
core deficit for many children with NF1 (Templer et al., 2013)
with significant difficulties with inhibition and sustained, se-
lective, and focused attention (North et al., 2002). In addition
to those children with NF1 who meet criteria for ADHD, there
are children who demonstrate difficulties with visual and au-
ditory attention, divided attention, sustained attention, shifting
attention, working memory, and response inhibition (Casnar
& Klein-Tasman, 2017; Isenberg et al., 2013; North et al.,
2002). These findings are clinically relevant, as children with
NF1 who exhibit inattentive and/or hyperactive problems tend
to have lower overall intellectual functioning than children
with NF1 who do not exhibit any attention difficulties
(Lidzba et al., 2012). Furthermore, some findings suggest that
executive function deficits may be an inherent part of NF1 and
not merely due to either lower intellectual functioning or
ADHD (Plasschaert et al., 2016). Further, Huijbregts (2012)
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summarized the literature including a conclusion that there are
significant differences between attention features in NF1 and
idiopathic ADHD at the behavioral and neuroimaging levels.
Indeed, there is a lack of consensus in terms of neurological
explanations for the cognitive phenotype of NF1, including
attention (Baudou et al., 2020). There is some evidence of the
corpus callosum volume and T2 hyperintensities in the tha-
lamic region impacting attentional control and distractibility
respectively, as well as activity in the posterior cingulate cor-
tex and frontal pole hypoactivation being related to selective
attention in NF1 (Kayl et al., 2000; Moore et al., 1996).

Working memory is consistently found to be lower in chil-
dren with NF1 when compared to unaffected controls and
siblings (Gilboa et al., 2014; Lehtonen et al., 2015; Payne
et al., 2011, 2012; Plasschaert et al., 2016; Templer et al.,
2013). A recent meta-analytic review found a moderate effect
size for working memory impairment in children with NF1, as
well as data to suggest that executive dysfunction worsens
with age (Beaussart et al., 2018). Although the literature on
young children is more limited, these difficulties appear to be
evident early in life. Sangster et al. (2011) found that parent
ratings of working memory on a questionnaire measure of
executive functioning remained significantly lower in the
NF1 group than a control group even after accounting for
maternal education and individual intellectual functioning.
Both parent and teacher ratings of working memory have in-
dicated challenges in young children with NF1 (Casnar &
Klein-Tasman, 2017), such that there is evidence that these
difficulties are present and identifiable in multiple settings.
While parent ratings of working memory are often based on
items that show conceptual overlap with attention problems,
there is some evidence that ratings of working memory are
related to performance on some lab-based tasks (Casnar &
Klein-Tasman, 2017).

The Necessity of Research About Psychometric
Properties in NF1

Characterizing attention in young children with NF1 is partic-
ularly challenging because the behavioral phenotype of these
children is quite diverse and there is considerable variability in
functioning in young children (Mahone, 2005). Many devel-
opmental studies of attention in young children use experi-
mental measures that do not have established psychometric
properties nor do they have normative data (Mahone &
Schneider, 2012). This prevents researchers from drawing
clinical conclusions about the nature and severity of the diffi-
culties experienced by young children with NF1 both in cross-
sectional and longitudinal methodologies. It is important to
identify measures with strong psychometric properties be-
cause attention problems in early childhood may indicate vul-
nerability to difficulties later on in life, such as poorer aca-
demic outcomes (Washbrook et a l . , 2013) . The

aforementioned differences between attentional profiles of
children with NF1 and those with idiopathic ADHD are im-
portant to consider in the context of test development; when
attention measures feature a clinical group for normative pur-
poses, they are typically homogenous ADHD groups.
Furthermore, children with NF1 are likely underrepresented
in normative data, and normative data by design include most-
ly individuals with fewer attention difficulties. Thus, it is im-
portant to establish whether these measures demonstrate the
same level of reliability and validity in a population that has
more difficulties with attention and executive abilities than
seen in typically developing participants and a pattern of at-
tention difficulties that may also differ from that seen in “typ-
ical” ADHD.

Although conventional paper-pencil neuropsychological
measures of attention exist that have been used in research
with this population, there are new computerized tasks with
more recent normative data that may be suitable for assessing
young children with NF1 and are often designed with the idea
of tracking change over time or with intervention. For exam-
ple, challenges on the Conners Kiddie Continuous
Performance Test have been shown to be an early indicator
of executive difficulties in preschool-aged children (Barnard
et al., 2018). Computerized measures of attention offer other
advantages, including administration without a neuropsychol-
ogist present and more updated normative data. Despite these
advantages, there are no comparative studies of validated at-
tention measures to date that have investigated the perfor-
mance of young children with NF1. There is a growing need
for psychometric research to establish the most valid and reli-
able measures that can capture attention difficulties early in
development in NF1 populations. This research is necessary
for identification of measures most suitable for use in clinical
trials research to help improve outcomes of children with
NF1.

The Response Evaluation in Neurofibromatosis and
Schwannomatosis (REiNS) group, which is comprised of ex-
perts in the field, announced a need to identify measures to use
as endpoints for clinical trials of attention in young children
with NF1 (Walsh et al., 2016). The group noted that there is a
gap in the literature concerning which measures of attention
(including parent report measures, performance-based paper
and pencil measures, and performance-based computerized
measures of attention) are most appropriate for use with young
children with NF1. By identifying the most promising mea-
sures for use with this population, research investigating the
development and trajectory of attention and executive diffi-
culties in children with NF1 will be more compelling.
Furthermore, having reliable and valid measures will allow
investigators to more accurately evaluate the effectiveness of
interventions in this population. Research in this area would
help to more rigorously examine the characteristics of young
children who are at the highest risk of developing attention
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deficits into later childhood and beyond (Mahone, 2005;
Mahone & Schneider, 2012).

The Present Study

The goal of the present study is to present preliminary data to
begin to identify reliable and valid measures of attention for
young children with NF1. To be successful, clinical trials re-
quire accurate measurement tools that have demonstrated va-
lidity, test-retest reliability, and minimal practice effects
(Walsh et al., 2016). Although there is variability in the be-
havioral phenotype, the literature clearly demonstrates that
attention is a frequent area of concern for children with NF1
as indicated by both parents and teachers. Thus, it is important
that we explore which measures of attention are most appro-
priate to use. The utility of several measures was examined in
the present study: the NIH Toolbox Flanker, Dimensional
Change Card Sort task, (Zelazo et al., 2013), List Sort
Working Memory task (Tulsky et al., 2015), the Cogstate
Identification Task (Cogstate, 2018), Conners Kiddie
Continuous Performance Test Second Edition (Conners,
2015), Differential Abilities Scale Second Edition Digits
Forward (DAS-II DF; Elliot, 2007), Behavior Rating
Inventory of Executive Function (BRIEF; Gioia et al., 2003,
2015) and Conners Early Childhood Behavior Inattention/
Hyperactivity Scale (Conners I/H; Conners 2009). These are
neuropsychological tasks and parent report questionnaires that
measure response inhibition, shifting attention, working mem-
ory, or sustained attention. The current study examined test re-
test reliability using both intraclass correlation coefficients
and Pearson correlations. Convergent and discriminant valid-
ity were explored using Spearman correlations, due to small
sample size. Measures were also compared based on how
frequently they identified attention and executive difficulties
in the present sample. Lastly, paired sample t-tests were con-
ducted to identify any practice effects.

Methods

Participants

Participants were recruited using fliers distributed through the
National Neurofibromatosis Research Registry and several
Midwestern Neurofibromatosis clinics. Inclusion criteria in-
cluded (a) diagnosis of NF1 by a physician, (b) having a
mutation of the NF1 gene, (c) aged 4–6 years old, and (d) first
and main language spoken in the home is English. The exclu-
sion criteria included (a) not have had a major surgery or
hospitalization in the past 6 months (anesthesia could impact
cognitive functioning for 6 months post hospitalization), (b)
deletion of the NF1 gene, and (c) not have any other genetic
neurodevelopmental disorder that has a global impact on

functioning (to limit the impact of potentially confounding
variables).

Twenty-two participants with NF1 were participated in the
study. Eighteen children were assessed at two different time
points, 8±2 weeks apart, to allow for test-retest reliability anal-
yses. Two children were seen at one time point but did not
return for a second appointment because of family circum-
stances (n=1) and COVID-19 (n=1). Two additional children
were consented but were unable to complete the majority bat-
tery due to behavioral challenges and were therefore not
included.

Thus, the present sample includes 20 children with NF1
ages 4 through 6 (Mage=5.45, SD=0.75). There were slightly
more males (n=12) than females (n=8). Ninety-five percent of
the sample was white. There were more sporadic (n=12) than
familial (n=8) cases. The mean Hollingshead Index score
(M=46.15, SD=10.75) suggests the average family was mid-
dle class.

Procedure

Consent documents, along with some questionnaire measures,
were mailed to families prior to the first appointment.
Participants were administered an age-appropriate battery
consisting primarily of attention and executive measures by
trainedmembers of the study team. The battery also included a
measure of cognitive functioning. There were three versions
of the battery to allow for counterbalancing of the order of
administration of the attention and executive functioning
tasks. The Differential Ability Scales-Second Edition was ad-
ministered first in each version.

The first session lasted approximately 3 hours, and the
second session (8±2 weeks later) lasted about 2.5 hours. All
assessments took place either at a university research lab or in
a quiet conference room if the family was unable to travel. All
assessments are conducted according to each measure’s stan-
dardization procedures. Information about the normative sam-
ples and procedures for the computerized measures are de-
tailed in Table 1. Parents were compensated after each
appointment.

Measures

Differential Ability Scales-Second Edition (DAS-II; Elliot, 2007)

The DAS-II core was administered to determine overall cog-
nitive functioning. This measure is frequently used in behav-
ioral phenotyping research because it is able to characterize
both strengths and weaknesses in a child’s functioning (Baron
et al., 2011; Bishop et al., 2011; Gillentine et al., 2017). The
measure yields an overall General Cognitive Ability (GCA)
standard score (M=100, SD=15). The Digits Forward task
(DF) was used as a measure of attention (Casnar & Klein-
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Tasman, 2017). The DF task yields a T-score (M = 50, SD =
10). Higher scores indicate better performance. The DAS-II
demonstrates excellent reliability, validity, and standardization.

National Institute of Health (NIH) Toolbox Selected Subtests

The NIH Toolbox is an electronic battery that has a variety of
measures of cognitive, emotional, sensory, motor, attention,
and executive functioning. The NIH Toolbox is not designed
for the purposes of clinical application to diagnostic concerns
with individual patients, but instead is useful for developmen-
tal studies and clinical trials research making it a strong can-
didate for inclusion in clinical trials related to NF1. It has
demonstrated good psychometric properties across measures
in the typically developing population. All NIH toolbox mea-
sures were administered via iPad. For each NIH Toolbox mea-
sure, an age-adjusted standard score was used. On each mea-
sure, higher scores indicate better performance.

The NIH Toolbox Flanker task (Zelazo et al., 2013) re-
quired children to choose whether the middle stimulus (a fish
with an arrow on it) was pointing left or right. On congruent
trials, all of the stimuli were pointing in the same direction. On
incongruent trials, the middle stimulus pointed in the opposite
direction from the remaining stimuli. Administration included
practice, which was repeated three times or until criterion is
met, followed by the test. If the child was accurate on ≥ 80%
of trials, the final score incorporated both accuracy and reac-
tion time. Otherwise, only the accuracy score was provided.

The NIH Toolbox Dimensional Change Card Sort (DCCS)
task (Zelazo et al., 2013) required children to sort a middle
stimulus either by shape or color. Sometimes the color of the
middle stimulus was incongruent with the prototype of the
same shape that remains at the bottom of the screen, thus re-
quiring the child to shift between the two sets (i.e., color,
shape). Administration included practice, preswitch,
postswitch, and mixed blocks. If the child was accurate on ≥
80% of trials, the final score incorporated both accuracy and
reaction time. Otherwise, only the accuracy score was provided.

The NIH Toolbox List Sort Working Memory (LSWM)
task (Tulsky et al., 2015) is a sequencing task in which par-
ticipants must remember a series of animals and/or fruit and
repeat them in size order. In initial trials, they were only pre-
sented with one type of stimulus (i.e., animal, fruit). If they

were able to complete the initial trial to criterion, then they
repeated various series of stimuli by first saying the fruit in
size order, followed by the animals in size order. Standard
scores were based on the sum of the total correct responses.

The NIH Toolbox Picture Vocabulary Test (TPVT) task
(Gershon et al., 2015) is a measure of receptive vocabulary.
Participants were presented with four images. The iPad played
an audio recording of a word, and the participant chose which
image best depicts the word. They were permitted to return to
previous items and hear the word multiple times. The yielded
score is a standard score.

Pediatric Version of the Cogstate Identification Task
(Cogstate, 2018)

On the Identification task, participants were told to wait until
each card turns over and to press “yes” if the card is red and
“no” if it is black. The task was administered using an iPad.
The primary outcome on the measure was log10 transformed
reaction time, which was converted to a T-score (M = 50, SD =
10) for analyses, with higher scores indicating more impaired
performance.

Conners Kiddie Continuous Performance Test-2 (K-CPT 2;
Conners, 2015)

The K-CPT 2 is a computerized measure of attention for chil-
dren 4–7 years old. This measure was approximately 7.5 min
and consisted of 200 scored trials. T-scores (M = 50, SD = 10)
were provided for Detectability (“d’”), Omissions,
Commissions, Perseverations, Hit Reaction Time (HRT),
Variability, Hit Reaction Block Change (HRT BC), and Hit
Reaction Inter Stimulus Interval (HRT ISI). Higher scores
indicated more impaired performance. Participants were
instructed to press a key for every stimulus except the target
stimulus. The K-CPT 2 has strong validity, reliability, and
sensitivity.

Conners Early Childhood Behavior Form, Parent Version
(Conners EC; Conners, 2009)

The Conners EC is a 113-item questionnaire that was admin-
istered to parents. It is a global measure of behavioral,

Table 1 Normative data information for the Cogstate, NIH Toolbox, K-CPT 2, and DAS-II Digits Forward (DF)

Measure Age range (years) 4–6-year-old sample size Sampling

Cogstate 4–99 134 Not available

NIH Toolbox 3–85 391 English, 296 Spanish Matched U.S. Census data

K-CPT 2 4–7 320 normative, 152 clinical Matched U.S. Census data

DAS-II DF 4:0–6:11 752 Matched U.S. Census data

K-CPT 2, Conners Kiddie Continuous Performance Test Second Edition; DAS-II, Differential Ability Scales-Second Edition
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emotional, and developmental functioning for children 2–6
years old. Only the Inattention/Hyperactivity T-score was
used in the present analyses. Higher scores indicated more
impairment. The Conners EC has demonstrated good validity
and reliability.

Behavior Rating Inventory of Executive Function-Preschool
Edition or Second Edition (BRIEF-P; Gioia et al., 2003, 2015)

The BRIEF-P is a measure of executive function for children
2–5 years old and was administered to parents of 4- and 5-
year-olds. The BRIEF-2 measures executive function in chil-
dren 5–18 years old and was administered to parents of 6-
year-olds. Both measures consist of 63 items. The present
analyses used the Inhibit, Shift, Emotional Control, Working
Memory, and Global Executive Composite (GEC) scales, as
those were available across both versions and yielded T-
scores. The GEC T-score consists of all of the scales. Higher
scores indicated more impairment. Each version has well-
established reliability and validity.

Data Analysis

The data were analyzed using IBM SPSS for Windows, ver-
sion 25. Findings are interpreted using both statistical signif-
icance and effect size. Given the pilot nature of this work,
uncorrected data are presented in the manuscript and are
interpreted; however, corrected results are available in the
tables. Corrected results use the false discovery rate (FDR;
Benjamini & Hochberg, 1995) approach. A p value of <.05
was used to determine significance for uncorrected results and
a q value of <.05 was used for corrected results. The following
interpretations were used for Cohen’s d: negligible effect =
0–.14; small effect = .15–.39; medium effect = .40–.74; large
effect = .75 and above.

Results

Procedure Completion Rates

Analyses were based on the 20 participants who completed at
least one assessment visit. Note that, as mentioned in the
“Participants” section, two additional children were assented
and began the battery but were unable to finish because of
behavior challenges — it is possible that the measures were
either unengaging or too difficult for their developmental lev-
el. These two children were excluded from all analyses.
Table 2 summarizes the number of children in our sample
who were unable to complete each specific measure or who
did not pass validity indicators. Given that the validity indica-
tors flag participants with a high number of omissions, and
children with NF1 are known to have high omissions (Arnold

et al., 2018; Sangster et al., 2011), these participants were not
excluded from the analyses. Given the pilot nature of the cur-
rent study and the high number of participants who did not
pass validity indicators (which could be due to task difficulty),
these participants were included in analyses. Note that due to
the small sample and preliminary nature of this work, analyses
were underpowered. The present analytic plan was chosen to
allow for comparison to each measure’s normative data.

Individual Differences

The median DAS-II GCA of the sample was in the average
range (SS = 104). Spearman correlations were run between
each outcome measure, parent report score, and age at time 1.
Age was significantly related to K-CPT 2 Variability (rho =
.617, p = .008), with older children performing significantly
worse in comparison to same-aged peers than younger chil-
dren. There were no other significant relations with age, likely
at least partly due to the narrow age range. Independent sam-
ples t-tests were run to examine effects of NF etiology (spon-
taneous vs. inherited pathogenic variant) and sex on partici-
pant performance on each outcome score based on at both
time points. Children with a familial mutation (MDCCS =
83.25, SD = 5.12) performed significantly worse on the
DCCS at time 1 than those with a sporadic mutation (MDCCS =
99.30, SD = 13.76), t(16) = −3.11, p = .007. There were no
significant differences based on sex.

Test-Retest Reliability

Intraclass correlation coefficients (ICC) were examined for all
tasks. The ICC values from our sample are displayed in
Table 3 alongside normative data when available. Using the
standard cut-off of .75 (Koo & Li, 2016), Omissions, Shift,
Emotional Control, Working Memory, GEC, Conners
Inattention/Hyperactivity, and DAS-II DF demonstrated good
test-retest reliability. The Flanker, Detectability, HRT, HRT
SD, and Inhibit demonstrated moderate test-retest reliability
(ICC between .5 and .75).

Pearson correlation coefficients from time 1 to time 2 were
computed (note that Pearson rather than Spearman was used,
despite the small sample size, to allow for comparison to the
published normative data). The results are summarized in
Table 3. Eachmeasure was at least moderately correlated from
time 1 to time 2, except for the DCCS and K-CPT 2
Variability scores.

Convergent and Discriminant Validity

Spearman correlations were conducted between each comput-
erized measures’ outcome scores to investigate evidence for
convergent validity. The results are summarized in Table 4.
For performance-based measures, DAS-II DF, Commissions

Journal of Pediatric Neuropsychology (2022) 8:123–136 127



and HRT BC generally demonstrated weak correlations with
other measures of attention in comparison to the
Identification, NIH Flanker, DCCS, LSWM, and the remain-
ing K-CPT 2 outcome scores which showed stronger correla-
tions with other measures of attention.

To further examine convergent validity, Spearman cor-
relations were conducted between each computerized
measure’s outcome scores with the following parent-
report scales: Conners Inattention/Hyperactivity, and
BRIEF-P/BRIEF-2 Inhibit, Shift, Emotional Control,

Table 2 Percentage of participants that successfully completed performance-based measures at time 1

Measure Successful completion Passed validity check

NIH Flanker 100% N/A

NIH Dimensional Change Card Sort 90% N/A

NIH List Sort Working Memory 60% N/A

Cogstate Identification 95% 68%

Conners Kiddie Continuous Performance-2 (K-CPT 2)* 85% 64%

DAS-II Digits Forward 100% N/A

*Most data were available for 100% of participants; however, because of participant response patterns, one participant had incomplete data

Note: DAS-II, Differential Ability Scales-Second Edition

Table 3 Intraclass correlation and Pearson correlation coefficients in the present sample and published literature

Measures Sample ICC Published ICC r Published r

NIH Toolbox

Flanker .61 .92 .67**a N/A

DCCS .06 .92 .07 N/A

LSWM .34 .77 .36 N/A

Cogstate

Identification .49 .79 .49* .62

K-CPT 2

Detectability .61 N/A .61* .67

Omissions .85 N/A .85**b .62

Commissions .49 N/A .51* .73

Perseverations .43 N/A .43 .39

HRT .59 N/A .62*a .85

HRT SD .65 N/A .65**a .59

Variability .27 N/A .28 .21

HRT BC .36 N/A .37 .06

HRT ISI .38 N/A .38 .51

DAS-II DF .82 .85**b

BRIEF

Inhibit .71 .90* .74**b N/A

Shift .86 .88* .86**b N/A

Emotional Control .79 .87* .82**b N/A

Working Memory .89 .85* .89**b N/A

GEC .89 .90* .89**b N/A

Con I/H .91 .92***b

*p<.05, **p<.01, ***p<.001; a q<.05, b q<.001

Values are bolded to distinguish relations that were at least moderately correlated. ICC, intraclass correlation coefficient; DCCS, Dimensional Change
Card Sort; LSWM, List Sort Working Memory; K-CPT, Conners Kiddie Continuous Performance Test Second Edition; HRT, Hit Reaction Time; HRT
BC, Hit Reaction Time Block Change;HRT ISI, Hit Reaction Time Inter Stimulus Interval;DAS-II DF, Differential Ability Scales-Second Edition Digits
Forward Task; BRIEF, Behavior Rating Inventory of Executive Function; GEC, Global Executive Composite; I/H, Inattention/Hyperactivity Scale
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Working Memory, and GEC. The correlation values can
be found in Table 5. The Flanker, DCCS, LSWM and
every K-CPT 2 score except Commissions and HRT were
at least moderately correlated (|rho|<0.30) with the
Inattention/Hyperactivity scale. The DAS-II DF,
Detectability, Omissions, Perseverations, HRT, HRT SD,
and Variability were at least moderately related to Inhibit.
Detectability, Omissions, Perseverations, HRT SD, and
HRT ISI were at least moderately associated with Shift.
All scores except the Identification, Flanker, LSWM,
Commissions, Variability, and HRT BC were at least
moderately related to Emotional Control. The DAS-II
DF, DCCS and Detectability were at least moderately re-
lated to Working Memory. All scores except LSWM,
Commissions, and HRT BC were at least moderately re-
lated to GEC.

Spearman correlations were conducted between the
TPVT and GCA with all of the performance-based mea-
sures’ outcome scores to explore discriminant validity. The
findings are in Table 5. Overall, most measures demon-
strated weak correlations (|rho|>0.30) with the TPVT.
The DCCS (rho=.606) and K-CPT Perseverations (rho =
−.319) were at least moderately related to the TPVT.
Notably, Flanker and DCCS scores generally had higher
relations with the TPVT than with parent ratings of behav-
ior and many other performance-based measures. Many
measures were highly related with GCA, including the
Flanker, DCCS, and Detectability. Other measures were
also moderately related (|rho|<0.30) to GCA, including
the DAS-II DF, Identification task, LSWM, Omissions,
Perseverations, Variability, and HRT SD. Some of these
measures were more highly associated with GCA than with
parent-reported attention and executive difficulties.

Frequency of Difficulty Identification

Frequency of difficulties was examined using each dependent
variable’s standardized score (SS<85 on measures where low-
er scores indicate greater difficulty or T>60 on measures
where higher scores indicate greater difficulty). Children
who were not able to complete a measure were coded as hav-
ing difficulty. Given that the K-CPT 2 has many dependent
variables, HRT SD was chosen because it had the highest
frequency of identified difficulties which also showing good
reliability. McNemar’s test was used to test for significant
differences in identification of difficulties between dependent
variables. The frequencies of at least mild difficulties on each
performance-based measure can be found in Fig. 1.
Significant differences emerged between the Flanker and
Identification (p = .008), Flanker and HRT SD (p = .004),
and Flanker and LSWM (p = .039), with the Flanker identi-
fying significantly fewer difficulties in each case.
Additionally, the DAS-II DF identified significantly fewer
difficulties than the Identification task (p = .031) and HRT
SD (p = .039). No significant differences emerged in frequen-
cy of difficulty identification between parent report outcome
scores (Fig. 2).

Practice Effects

Paired samples t-tests were run to compare scores at time 1
and time 2 to examine practice effects. The t-statistics, signif-
icance, and Cohen’s d values can be found in Table 6.
Omissions (p=.022, d=.349) scores showed a significant prac-
tice effect (performance improving over time) with a small
effect. Conners Inattention/Hyperactivity (p=.031, d=.238)
Inattention/Hyperactivity ratings worsened over time.

Table 4 Two-tailed Spearman correlations between each performance-based measure

1 Ident. 2 Flanker 3 DCCS 4 LSWM 5 Detect. 6 Omiss. 7 Com. 8 Pers. 9 HRT 10 HRT 

SD

11 Var. 12 HRT 

BC

13 HRT 

ISI

14 DAS-II 

DF

1* -

2^ -.277 -

3^ .010 .741**b -

4^ -.221 .450 .385 -

5+ .342 -.313 -.456 -.474 -

6+ .149 -.482 -.513* -.304 .492* -

7+ -.002 .219 -.052 -.307 .458* -.405 -

8+ .336 -.245 -.398 -.318 .855** .453 .282 -

9+ .058 -.251 -.235 -.138 .251 .722**b -.501* .315 -

10+ .375 -.466 -.345 -.292 .850** .715**b .104 .811**
b

.455 -

11+ .365 -.583 -.281 -.275 .674** .537* .080 .822**
b

.373 .867**c -

12+ -.351 .172 .028 .534 -.144 -.204 .118 -.118 -.116 -.332 -.198 -

13+ .454 -.378 -.292 -.396 .590** .507* .059 .721**
b

.371 .734**b .695**a -.418 -

14 -.042 .155 .151 .578* -.325 .155 -.544* -.426 .240 -.139 -.299 .315 -.122 -

*p<.05, **p<.01; a q <.05, b q <.01, c q<.001

Values are bolded to distinguish relations that were at least moderately correlated. DCCS, Dimensional Change Card Sort; LSWM, List Sort Working
Memory; K-CPT, Conners Kiddie Continuous Performance Test Second Edition;HRT, Hit Reaction Time;HRT BC, Hit Reaction Time Block Change;
HRT ISI, Hit Reaction Time Inter Stimulus Interval; DAS-II DF, Differential Ability Scales-Second Edition Digits Forward Task. *Cogstate, ^NIH
Toolbox, +Conners Kiddie Continuous Performance Test Second Edition
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Discussion

Although it has been demonstrated that young children with
NF1 have attention and executive difficulties (Casnar &
Klein-Tasman, 2017; Templer et al., 2013), the psychometric

properties of the tools used to measure these domains have not
been established with this population. These data are neces-
sary given the high rate of attention problems in the NF1

Table 5 Spearman correlations of performance-based attention and executive functioning measures with parent ratings, vocabulary, and cognitive
functioning

Inhibit Shift Emotional control Working memory GEC Inattention/
hyperactivity

TPVT GCA

Cogstate

Identification .220 .079 −.074 .218 .323 .249 .204 −.434
NIH Toolbox

Flanker −.256 −.097 −.007 −.279 −.328 −.355 .335 .608**

DCCS −.209 −.209 −.332 −.387 −.445 −.440 .606* .584*

LSWM −.124 −.124 −.179 −.290 .027 −.419 .181 .339

K-CPT 2

Detectability .572* .517* .605** .284 −.534* .565* −.216 −.561*
Omissions .493* .359 .503* .433 .480* .643** −.227 −.351
Commissions .191 .078 .089 .060 .100 −.063 −.075 −.253
Perseverations .535* .452 .561* .157 .468* .585** −.319 −.441
HRT .300 .115 .430 .247 .320 .235 −.184 −.096
HRT SD .551* .369 .484* .137 .367 .620** −.016 −.442
Variability .634** .230 .242 .025 .320 .578* −.067 −.415
HRT BC −.091 .068 −.147 .047 .004 −.384 −.197 .164

HRT ISI .285 .422 .499* .064 .330 −.574* −.137 −.085
DAS-II DF −.375 −.186 −.375 −.320 −.332 −.279 .144 .424

*p<.05, **p<.01

Values are bolded to distinguish relations that were at least moderately correlated. GEC, Global Executive Composite; TPVT, Toolbox Picture
Vocabulary Test; GCA, Global Cognitive Ability; DCCS, Dimensional Change Card Sort; LSWM, List Sort Working Memory; K-CPT, Conners
Kiddie Continuous Performance Test Second Edition; HRT, Hit Reaction Time; HRT BC, Hit Reaction Time Block Change; HRT ISI, Hit Reaction
Time Inter Stimulus Interval; DAS-II DF, Differential Ability Scales-Second Edition Digits Forward Task.
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population (Beaussart et al., 2018; Casnar & Klein-Tasman,
2017; Plasschaert et al., 2016), differences in clinical features
between children with NF1 and those with idiopathic ADHD
(Huijbregts, 2012), and the call for these data to inform clin-
ical trials and developmental research (Klein-Tasman et al.,
2021; Walsh et al., 2016). In this study, we reported prelimi-
nary data on the reliability and validity of attention measures,
including a performance-based task (DAS-II DF), several
computerized measures (Cogstate, NIH Toolbox, and K-
CPT 2), and two parent-report measures (BRIEF and
Conners Inattention/Hyperactivity Scale) in a small sample
of young children with NF1.

Summary of Preliminary Psychometric Properties

Cogstate

While the completion rate of the Cogstate Identification task
(a measure of attention) was high, almost half of the sample

did not pass a validity integrity check. The Identification task
demonstrated poor agreement and moderate consistency
across time points. In terms of validity, more support was
generally found for the Identification task. The Identification
task had some associations with the other computerized mea-
sures of attention, but minimal relations with parent report of
attention and executive function. Importantly, the task was
more strongly related to general intellectual abilities than it
was to parent-reported attention and executive behavioral con-
cerns. Thus, when using this task, one must consider the effect
that intellectual functioning has on performance. The
Identification task did not yield significant practice effects.

NIH Toolbox

The NIH Toolbox DCCS, Flanker, and LSWM tasks were
examined in the present study. The children in our sample
were generally able to successfully complete the DCCS and
without significant practice effects. However, performance on

Table 6 Paired samples t-tests between scores at time 1 and time 2

Measure n Time 1 Mean(SD) Time 2 Mean(SD) t df p d

Cogstate

Identification* 17 62.17(10.22) 61.32(12.94) 0.29 16 .770

NIH Toolbox

Flanker^ 18 89.67(12.85) 92.44(19.95) −.795 17 .438

DCCS^ 15 91.60(10.23) 94.93(12.84) −.813 14 .430

LSWM^ 11 91.91(10.72) 98.64(8.11) −2.04 10 .068

K-CPT 2

Detectability* 16 62.31(8.08) 61.69(7.64) .361 15 .723

Omissions* 16 71.13(16.47) 65.50(15.74) 2.56 15 .022 .349

Commissions* 16 53.88(11.73) 55.56(8.61) −.648 15 .527

Perseverations* 16 60.69(14.85) 61.88(15.01) −.297 15 .770

HRT* 16 62.94(10.90) 64.13(14.49) −.412 15 .686

HRT SD* 16 71.25(14.81) 68.94(12.72) .795 15 .439

Variability* 14 65.71(13.43) 58.71(18.96) 1.31 13 .211

HRT BC* 15 48.80(16.04) 50.02(19.57) −.268 14 .793

HRT ISI* 15 66.47(12.44) 66.67(14.15) −.052 14 .959

DAS DF* 18 45.39(9.61) 45.67(12.76) −0.17 17 .865

BRIEF

Inhibit* 19 60.84(13.76) 57.21(18.51) 1.28 18 .219

Shift* 19 51.47(10.46) 52.05(10.86) −0.45 18 .658

EC* 19 60.58(14.09) 57.11(11.34) 1.86 18 .079

WM* 19 62.05(14.11) 61.42(13.05) 0.43 18 .670

GEC* 19 62.21(13.89) 60.74(13.17) 1.01 18 .325

Conners I/H* 19 60.72(13.05) 64.06(14.86) −2.35 18 .031 .238

*T-scores, ^standard scores

DCCS, Dimensional Change Card Sort; LSWM, List Sort Working Memory; K-CPT, Conners Kiddie Continuous Performance Test Second Edition;
HRT, Hit Reaction Time; HRT BC, Hit Reaction Time Block Change; HRT ISI, Hit Reaction Time Inter Stimulus Interval; DAS-II DF, Differential
Ability Scales-Second Edition Digits Forward Task;BRIEF, Behavior Rating Inventory of Executive Function;GEC, Global Executive Composite; I/H,
Inattention/Hyperactivity Scale
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the DCCS was quite different between time 1 and time 2 in
terms of both agreement (ICC) and consistency (Pearson r).
Clinicians and researchers should use this measure longitudi-
nally with caution. There was considerable support for con-
vergent validity of the DCCS as it was generally related to
other computerized measures and parent-report. However,
there was weak evidence of discriminant validity for this mea-
sure. The DCCS was more strongly related to general intel-
lectual abilities and fund of vocabulary knowledge than it was
with many of the attention and executive measures.

Our sample had a high completion rate for the Flanker and
without significant practice effects. This measure demonstrated
acceptable reliability in terms of both consistency (Pearson r)
and agreement (ICC). Although the Flanker demonstrated ev-
idence for convergent validity with other computerized mea-
sures, it had minimal relations with parent-reported attention,
and the pattern of associations for the Flanker indicated that
this task was highly related to general intellectual abilities,
more so than to measures of attention.

Many of the young children in the present sample had
difficulty with the LSWM task, as evidenced by the low com-
pletion rate. On this task, children had to first pass practice
trials in which they order animals based on their size. Many
children in our sample were unable to do so, and thus no data
from this task were generated for almost half of the partici-
pants. The LSWM task had low agreement (ICC) and moder-
ate consistency (Pearson r) between time 1 and time 2 scores,
but these findings should be interpreted with caution, given
the low completion rate. The LSWM task was related to other
measures in the present study, though it was unrelated to most
parent-reported attention abilities. Given that it is a working
memorymeasure, it is not surprising that the associations were
not as high as the attention measures. There was mixed evi-
dence of discriminant validity of the LSWM, as evidenced by
the low associations with vocabulary (TPVT), but not general
intellectual abilities (GCA). Finally, the LSWM did not dem-
onstrate practice effects.

Out of the NIHToolboxmeasures, the Flanker demonstrated
the highest agreement and consistency between scores at time
1 and time 2. In terms of validity, all of the NIH Toolbox tasks
had relations with other measures of attention and, thus, have
some support for convergent validity. However, both the
Flanker and the DCCS had patterns of associations that were
stronger with measures of intellectual and vocabulary ability
than with attention or executive ability. The LSWMhad stron-
ger evidence than the Flanker and DCCS for discriminant
validity. None of the NIH Toolbox tasks showed practice
effects.

K-CPT 2

Similar to the Cogstate, although a large portion of our sample
was able to successfully complete the K-CPT 2, about 40% of

participants did not pass the validity check. The outcome mea-
sures of the K-CPT 2 yielded a wide range of test-retest inter-
pretations. Omissions had the highest agreement (as indicated
by ICC values) between time 1 and time 2 scores and was the
only score that was in the good-to-excellent range across all
measures. In terms of consistency (as indicated by Pearson r),
all scores except Variability demonstrated moderate-to-strong
reliability. There was considerable support for convergent va-
lidity. Firstly, there were several correlations between each
score and the other computerized measures. Secondly, many
of the scores were also at least moderately related to most
parent-reported attention and executive symptoms, with the
exception of Commissions, Variability, and HRT BC.
Support for discriminant validity was somewhat mixed, as
Commissions, HRT SD, and Variability each had stronger
correlations with measures of intellectual ability than with
parent-reported attention symptoms. Analyses of practice ef-
fects indicated that overall, the K-CPT 2 yield practice effects
only for Omissions. Additionally, Variability was significant-
ly related to age at time 1, but not at time 2. This may suggest
that practice does indeed play a role in Variability scores.
Thus, researchers and clinicians are advised to interpret de-
creases in Omissions over time in children with NF1 with
caution.

Overall, given its high reliability and consistent relations
with other measures of attention, Omissions emerged as a
strong preliminary metric of attention difficulties in young
children with NF1, as long as practice effects are controlled
for. Indeed, an avenue for future research is to include a con-
trol group so that it is possible compare improvements in
Omissions across time points to a group of unaffected children
to investigate whether the improvements are in excess of what
would be expected based on practice alone. Future research
should investigate whether practice effects are present at lon-
ger test-retest intervals as well.

DAS-II Digits Forward

In the present study, the DAS-II DF showed good test re-test
reliability using both ICC and Pearson r values and did not
demonstrate significant practice effects. The task largely
showed evidence for discriminant validity, as evidenced by
the very low relation with vocabulary knowledge and moder-
ate relation with intellectual abilities. There was generally
support for convergent validity of the DF task, particularly
as it pertains to its relations with parent reports of attention
difficulties. Interestingly, this task was moderately related to
Commissions, and weakly related to Omissions. This pattern
is unexpected given previous literature that showed that ele-
vations on Omission errors are more common than on
Commission errors in NF1 (Heimgärtner et al., 2019; Arnold
et al., 2018). This may suggest that this DF task is less sensi-
tive to sustained attention and more sensitive to impulsivity
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difficulties in NF1, which is a less frequently reported diffi-
culty. This may also help explain why this DF task identified
fewer difficulties than the Identification task and HRT SD on
the K-CPT 2; it may be tapping into a facet of attention that is
less impaired than the other measures. Alternatively, the fewer
evident difficulties on this task may be due to administration.
While on a computerizedmeasure, a child is taskedwithmain-
taining their attention for an extended time, typically with
minimal prompting. On a traditional digits forward task, chil-
dren are interacting with a test administrator, which may be
more engaging and offers more opportunities for behavioral
management techniques to finish the task.

BRIEF

With the exception of Inhibit, which was in the moderate
range, each BRIEF score’s ICC value was in the good-to-
excellent range of test re-test reliability. In terms of Pearson
r, all scores demonstrated good consistency. No subscales had
a significant practice effect.

Conners Inattention/Hyperactivity

The Conners Inattention/Hyperactivity scale had the highest
test re-test reliability out of all of the measures in the present
study. However, this scale did demonstrate a significant prac-
tice effect, with scores tending to worsen over time. Thus, we
caution interpretation of changes (or lack thereof) in this scale
across a similar timeframe when working with young children
with NF1. Given the increase in impairment over time, im-
provements as a result of intervention may not be captured
unless the amount of change in ratings is compared with a
control group.

Implications

Given that the measures investigated demonstrated varying
degrees of reliability and validity, there may not be a one-
size-fits-all measure for use with this population. Clinicians
and researchers must be cautious in their selection of measures
and interpretation of data when using these measures with
young children with NF1. When prioritizing test re-test reli-
ability, such as in the case of longitudinal research, the
performance-based indices with the highest agreement are
Omissions and the Flanker and would thus be appropriate
measures for use with young children with NF1. However,
parent-report measures are largely more reliable, particularly
the Conners Early Childhood Inattention/Hyperactivity scale.

There was generally support for validity across the mea-
sures, though Commissions was mostly unrelated to the other
computerized measures and parent report measures.
Importantly, many of these measures demonstrated stronger
associations with cognitive functioning than other attention or

executive measures, especially the DCCS and Commissions.
However, the statistical significance of these differences was
not tested due to the small size of the present sample. Upon
considering evidence of convergent and discriminant validity,
Detectability seems to be strongly related to attention in our
sample.

It is also important to consider and reflect on the high
proportion of participants who were either unable to complete
the tasks or did not pass validity checks. Typically, this would
indicate that the performance on a task is uninterpretable;
however, it may be the case that the validity check in and of
itself is clinically relevant and related to the high estimates of
attention deficits in this population (Hyman et al., 2005;
Templer et al., 2013). Clinicians and researchers should be
aware of the high rates of young children with NF1 not pass-
ing validity checks, and not necessarily discount performance
when an integrity check is not met. Future research with a
larger sample should investigate whether young children with
NF1 who do not pass validity indicators have higher rates of
attention deficits than those who do pass.

Characterization of Difficulties

There was evidence that children with NF1 are vulnerable to
difficulties across many of the measures related to attention
and executive functioning included here. The mean perfor-
mance of the sample on Identification, Detectability,
Perseverations, HRT, Variability, and HRT ISI were one stan-
dard deviation above the normative mean. This would indicate
difficulty discriminating between targets and non-targets,
responding slowly and inconsistently. The mean performance
of our sample suggested that the participants were inattentive
and lacked vigilance on the K-CPT 2. This is consistent with
previous reports of the performance of young children on the
First Edition of the K-CPT (Arnold et al., 2018; Sangster et al.,
2011) and another continuous performance task (Heimgärtner
et al., 2019). Furthermore, mean performance on Omissions
and HRT SD was two standard deviations above the norma-
tive mean, further emphasizing the sample’s difficulties with
inattention and inconsistent performance throughout testing.
Commissions, which can be an indicator of impulsivity
(Halperin et al., 1991), on the other hand, was within the
average range for the sample. This general profile of difficulty
sustaining attention, but minimal difficulty with impulsivity is
consistent with previous findings using both performance-
based and parent-report measures of attention difficulties
(Arnold et al., 2018; Payne et al., 2012; Sangster et al.,
2011). Thus, the present performance-based findings provide
further support for inattention being a central difficulty for
young children with NF1.

Fewer difficulties were evident on the NIH Toolbox mea-
sures, the Shift scale, and the DAS-II DF task, with mean
performances having been in the average range. The Flanker
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is a measure of executive attention, which largely overlaps
with executive function (Zelazo et al., 2013). Performance
within the typical range would suggest that, on average, our
sample demonstrated age-appropriate cognitive control.
Performance on the DCCS provides further support for age-
typical executive abilities, as it is thought tomeasure cognitive
flexibility (Zelazo et al., 2013). Average performance on the
DAS-II DF task is consistent with a previous study using the
same task with a different sample of young children with NF1
(Casnar & Klein-Tasman, 2017). Thus, overall performance
suggests that executive difficulty may be less evident in young
children with NF1. Further research about the timeline of the
emergence of executive challenges on assessment measures is
warranted.

Although mean performance on the LSWM task was in the
average range for those who completed this task, it is impor-
tant to recognize that almost half of the sample was not able to
complete the task because they did not pass the practice trials.
In the practice trials, the participants are asked to say the
animals on the screen in size order, and then practice repeating
them in size order without the stimuli on the screen. If they are
unable to do so, the task discontinues. Understanding size and
order are fundamental math and relational vocabulary con-
cepts. Since the rates of learning disabilities are high in the
NF1 population (Hyman et al., 2005), this task may not have
been developmentally appropriate for the young children in
the sample. Additionally, the low rate of completion could be
due to working memory being a core deficit in NF1 (Templer
et al., 2013). It could be the case that the LSWM demanded
too much of a working memory load for the young children in
this sample, even on the practice trials. Thus, it may be the
case that the children in our sample who were able to complete
the task have less cognitive difficulties than those who were
unable to and are hence inflating the mean performance score.
In any case, the reasons for difficulty with completing the
LSWM are likely heterogeneous.

Limitations and Future Directions

This study is not without limitations. Firstly, this pilot study is
underpowered and limited by a small sample. However, there
are currently no available psychometric data to help inform
research and clinical practice when working with young chil-
dren with NF1. This study also did not include a control group
of unaffected children as comparison, though normative data
do exist for typically developing children. Using normative
data is helpful as it offers large, stratified samples to match
that of the most recent census. Most notably, the testing con-
ditions, including the length of the battery, likely vary sub-
stantially from normative data collection procedures. Thus,
our sample likely had a longer study visit with many more
measures than the normative sample, which could impact data
in the form of fatigue. Our sample is also largely white, which

may limit the generalizability of our findings. Future research
should expand upon the present study to include a more na-
tionally representative, larger sample of children with NF1.
Another avenue for future research would be to investigate
the role of persistence, motivation, and effort in the comple-
tion of these tasks in young children with NF1. More gener-
ally, there is a need for additional psychometric research in a
broader age range with the NF1 population. Many of the mea-
sures in the present study also provide normative data for older
children and into adulthood. The reliability and validity of
these measures may change with age, especially since execu-
tive dysfunction tends to worsen with age in NF1 (Beaussart
et al., 2018). Furthermore, there are different measures of at-
tention and executive abilities that are used with older children
and adolescents, such as the Conners Continuous
Performance Test, Third Edition (CPT-3; Conners, 2008)
whose psychometric properties should be investigated in older
children with NF1. Given how prevalent attention and execu-
tive difficulties are in this population, it is vital that this line of
research continues to ensure the appropriate tools are being
used to measure these difficulties across development in NF1.

Conclusions

Children with NF1 can exhibit difficulties with attention and
executive function from a young age (Casnar & Klein-
Tasman, 2017), which can differ from those seen in ADHD,
yet the validity and reliability of attention measures in this
population were previously unknown. These preliminary psy-
chometric findings shed some light on which measures may
bemost effective at capturing these challenges. Yet, there may
not be a one-size-fits-all measure of attention for use with
young children with NF1, though the present analyses may
lend insight into best practices for creating clinical or devel-
opmental study batteries for young children with NF1. When
choosing a measure to use in a clinical or research setting, it is
important to consider what the goal of the assessment is,
whether to prioritize test-retest reliability and practice effects,
and whether it is more important to choose a measure that has
considerable support for validity. In general, the BRIEF and
K-CPT 2 emerged as strong measures for use with young
children with NF1, particularly because they offer a variety
of scores that tended to be both reliable and demonstrated
evidence of validity. However, Omissions on the K-CPT 2
and Emotional Control on the BRIEF may have practice ef-
fects, and should thus be used with caution, especially in clin-
ical research. Additionally, our findings confirm previous
work that has shown inattention to be a central concern for
young children with NF1. Thus, it is particularly imperative
that professionals use appropriate, reliable, and valid tools to
evaluate these difficulties when assessing inattention in this
population.
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