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Abstract

To examine patterns of executive dysfunction associated with ADHD, 123 children (54 ADHD, 69
controls) ages 8-16 years were administered selected subtests from the Delis-Kaplan Executive
Function System (D-KEFS). Children with ADHD performed significantly worse than controls on
measures of both basic (less executive demand) skills and those with more executive demand from
the Color-Word Interference and Tower subtests; however, no group differences were noted on any
of the D-KEFS contrast scores. Most subtype comparisons yielded no differences; however, children
with the Combined subtype outperformed children with the Inattentive subtype on measures of both
basic and executive skills from the Trail Making Test. Children with ADHD demonstrate executive
dysfunction that is identified by both D-KEFS summary, but not contrast scores. In this carefully
screened sample of children with ADHD, few significant differences were found between groups
suggesting limited sensitivity or specificity of the D-KEFS for classifying children with ADHD.
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Attention Deficit Hyperactivity Disorder (ADHD) is a neuropsychiatric disorder with onset in
early childhood (DSM-IV-TR; American Psychiatric Association, 2000). Research on ADHD
has identified three core areas of behavioral dysfunction: sustained attention, impulsivity, and
hyperactivity, with DSM-IV-TR classifications highlighting combinations of these behaviors
(Predominately Inattentive Type, ADHD-I; Predominantly Hyperactive-Impulsive Type,
ADHD-HI; and Combined Type, ADHD-C; American Psychiatric Association, 2000).

Some newer models of ADHD commonly suggest that executive dysfunction, rather than
attention, is the core deficit in ADHD (Barkley, 1997; 2000), and may potentially serve as a
neurobehavioral domain that differentiates between different groups of children with ADHD
(e.g., groups based on sex or subtype). Executive function involves developing and
implementing an approach to performing a task that is not habitually performed (Mahone et
al., 2002a); children with ADHD often demonstrate poor planning and organization as well as
impaired response inhibition (Durston, 2003). While there is support that performance-based
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tests of executive function may be sensitive to the presence of ADHD (i.e., accurately
identifying true positives), there is less evidence supporting their specificity (i.e., accurately
rejecting true negatives). For example, a meta-analytic review of 18 studies examining tests of
executive function in children with ADHD found that motor inhibition, working memory,
vigilance, and perceptual speed (automaticity) were most sensitive in differentiating children
with ADHD from controls; in contrast, tests of verbal memory and visuospatial ability were
least sensitive (Pennington & Ozonoff, 1996).

Clinically (considering symptom patterns) and cognitively (based on neuropsychological test
performance), boys manifest ADHD differently than girls (Denckla, 1996; Gaub & Calrson,
1997). Boys are diagnosed more often than girls; however, when diagnosed, girls manifest the
Inattentive subtype more often than boys (Biederman et al., 2002; Weiler, Bellinger, Marmor,
Rancier, & Waber, 1999). Sex differences in neuropsychological presentation of ADHD are
less clear, with some research identifying no differences between boys and girls with ADHD
(e.g., Biederman et al., 2005) and others reporting inconsistent differences (Gaub & Carlson,
1997). Rucklidge and Tannock (2002), for example, reported greater impairment among boys
(versus girls) with ADHD on tests of response inhibition processing speed. Motor impairment
in boys with ADHD has been well documented (Mostofsky, Newschaffer, & Denckla, 2003),
with associated neuroimaging findings implicating decreased volume in premotor, as well as
prefrontal, regions (Mostofsky, Cooper, Kates, Denckla, & Kaufmann, 2002). In contrast, girls
with ADHD may manifest more “cognitive” impairment than boys. Meta-analyses by Gaub
and Carlson (1997) and Gershon (2002) both concluded that while girls with ADHD show
lower levels of diagnostic symptomatology (hyperactivity, externalizing behavior), they
manifest greater cognitive dysfunction (based on IQ scores).

The research literature examining ADHD subtype differences has also yielded mixed results,
with many studies reporting few or no neuropsychological differences among subtypes (e.g.,
Carlson, Lahey, & Neeper, 1986; Pasini, Paloscia, Alessandrelli, Porfirio, & Curatolo, 2007).
Schmitz and colleagues (2005) noted that among children with ADHD, those with the
Inattentive subtype were impaired (relative to controls) on the Stroop Test, while those with
Combined subtype were impaired on measures involving planning and set-shifting (Wisconsin
Card Sorting), while both subtypes demonstrated deficits (relative to controls) on Digit Span.
Similarly, Nigg, Blaskey, Huang-Pollock, and Rappley (2002) found that children with the
Combined subtype had impaired planning relative to the Inattentive subtype. Overall, there is
little consensus regarding an identifiable pattern of performance among ADHD subtypes—a
finding that may be complicated by sex differences in patterns of symptomatology.

The majority of research using neuropsychological tests to quantify executive dysfunction in
ADHD has emphasized “total or “summary” measures (i.e., those in which multiple
components of the executive process are incorporated into one score). In contrast, there is
limited support for the validity of the “process” scores (i.e., those which directly examine
organizational strategies and interfering behaviors) or “contrast” scores (i.e., those which
directly compare performance between tests with low vs. high demand for executive control)
in children. In one study, Mahone, Koth, Cutting, Singer, & Denckla (2001) reported that,
compared to controls, children with ADHD or Tourette syndrome had higher rates of intrusion
errors on the initial CVLT-C learning trials (process examination), even though their total
summary scores did not differ. Further, in an early attempt to examine contrast scores, Reader,
Harris, Schuerholz, and Denckla (1994) examined intra-individual discrepancies between a
pair of content-matched tests of posterior versus anterior brain functioning and found that
children with ADHD performed significantly better on tasks involving posterior functioning
(with less executive function demands) rather than anterior (with greater executive function
demands). Therefore, examination of process and contrast scores may provide additional
information in describing executive dysfunction among children with ADHD, and may be
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sensitive to differences that are not captured by the total or summary scores; however sufficient
research to support these relationships remains unexamined.

The purpose of the present study was to examine group (ADHD vs. control), sex, and ADHD
subtype differences in executive function, measured by the primary summary and contrast
scores on selected tests from the Delis-Kaplan Executive Function System (D-KEFS; Delis,
Kaplan, & Kramer, 2001). In addition, the study sought to determine whether boys (vs. girls)
with ADHD are best discriminated from their sex-specific controls by different sets of
executive function tests. We used the D-KEFS to examine these research questions for three
reasons: 1) it is a relatively new measure that has incorporated many of the “classic” executive
function tests in a co-normed battery; 2) the D-KEFS uses combined sex norms, and
performance of children with ADHD has not been examined on this measure considering the
differential effects of sex; and, 3) while the D-KEFS generates summary, process, and contrast
scores for all its subtests, the validity of these scores in children with ADHD has not yet been
demonstrated.

Three specific hypotheses were examined in the present study: First, compared to controls, it
was hypothesized that children with ADHD would perform more poorly on the D-KEFS
summary and contrast measures. Second, within the ADHD group, it was hypothesized that
sex and subtype differences would be noted in performance on measures from the D-KEFS,
with boys and children with the Combined Subtype demonstrating poorer relative performance.
Third, it was hypothesized that the specific tests that best discriminated ADHD and control
groups would be different in boys and girls, with measures emphasizing processing speed and
inhibition emerging as more salient predictors among boys.

After approval from the Johns Hopkins Medicine Institution Review Board, participants were
recruited from outpatient clinics at the Kennedy Krieger Institute, and from local area
pediatricians, local chapters of Children and Adults with Attention-Deficit/Hyperactivity
Disorder (CHADD), schools, social/service organizations (e.g., Boy/Girl Scouts), and
advertisements in the community (e.g., postings at libraries). This study is part of a larger
project examining brain-behavior relationships in children; therefore, children were screened
for most common comorbidities (detailed below). All children entering the study met the
following the criteria: 1) between 8 years — 0 months and 16 years — 11 months; 2) Full Scale
IQ estimate of 80 or higher based on a standardized I1Q test given either during a prior school
assessment (completed within one year of study assessment) or on the Wechsler Intelligence
Scale for Children-Fourth Edition (WISC-I1V; Wechsler, 2003) given at time of testing; 3) no
history of speech/language disorder or a Reading Disability (RD) either screened out before a
visit or based on prior school assessment (completed within one year of the current assessment).
RD was based on a statistically significant discrepancy between a child’s Full Scale 1Q score
and his/her Word Reading subtest score from the Wechsler Individual Achievement Test,
Second Edition (WIAT-I1, Wechsler, 2002), or a standard score below 85 on the Word Reading
subtest, regardless of 1Q score; and 4) no evidence of visual or hearing impairment, or history
of other neurological or psychiatric disorder.

A total of 54 children were included in the ADHD group. Diagnosis of ADHD was determined
by a structured parent interview that utilized DSM-IV criteria (Diagnostic Interview for
Children and Adolescents, Fourth Edition, DICA-1V; Reich, Welner, & Herjanic, 1997) and
administration of ADHD-specific and broad behavior rating scales (Conners’ Parent Rating
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Scale-Revised, Long Form, CPRS; Conners, 1997). Children with DSM-1V diagnoses other
than Oppositional Defiant Disorder (ODD; n = 6) or Specific Phobias (n = 7) were excluded.
DSM-IV criteria were used to diagnose ADHD and evaluate for all three ADHD subtypes
(ADHD-1, ADHD-HI, and ADHD-C). Classification of ADHD subtype was made based on
DICA-1V interview and rating scales. Children were assigned to the ADHD-I group if they
met criteria for inattentiveness but not hyperactivity/impulsivity on the DICA-IV, and a T-
score of 65 or greater on the CPRS Scale L (DSM-1V criteria for Predominantly Inattentive
Type), and a T-score of 60 or less on the CPRS Scale M (DSM-1V criteria for Predominantly
Hyperactive-Impulsive Type). Children were assigned to the ADHD-HI if they met criteria for
hyperactivity/impulsivity but not inattention on the DICA-IV, and a T-score of 65 or greater
on the CPRS Scale M (DSM-1V criteria for Predominantly Hyperactive-Impulsive Type) and
aT-score of 60 or less on the CPRS Scale L (DSM criteria for Predominantly Inattentive Type).
All other children who met criteria for ADHD were assigned to the ADHD-C group. Only 2
children were diagnosed with ADHD-HI, consequently, the ADHD-C and ADHD-HI groups
were combined for subtype analyses. Every attempt was made to match the groups on the basis
of age, FSIQ, sex, and race. Children with ADHD taking psychoactive medications other than
stimulants were excluded. To minimize the likelihood of confound between sex and subtype,
we oversampled for the type of ADHD less likely to occur in each sex. Specifically, we
recruited girls with Combined subtype (to comprise at least 40% of the sample), and boys with
Inattentive subtype (to comprise at least 40% of the sample).

Children in the control group (n = 69) were recruited through the local school district and flyers
posted in the community. Controls were additionally required to meet the following criteria:
1) no history of mental health services for behavior or emational problems; 2) no parent or
teacher report of previous diagnosis of Conduct Disorder (CD); 3) T-scores 60 or below on the
ADHD (DSM-IV Inattention; DSM-IV Hyperactivity) subscales of the CPRS (Conners,
1997); and, 4) no history of academic problems requiring school based intervention services
or history of defined primary reading or language-based learning disability, as established
through medical history, psychological testing, or parental and teacher interview.

Prior to scheduling the appointment, parents of participants were briefly interviewed over the
telephone in order to obtain demographic information, referral source, school and
developmental history. If the child was determined to be eligible via the brief screen, the DICA-
IV was administered by phone prior to scheduling an appointment for testing. Parents of
children taking stimulants were asked to withhold the child’s medication on the day of and day
prior to testing. On the day of the appointment, parents completed questionnaires and rating
scales while their child was being tested. During the 2% hour appointment, children were
administered the following standardized measures: WISC-1V (if no prior estimate of
intelligence was available), Word Reading from the WIAT-II, and four tests from the D-KEFS.

Executive function was assessed using the D-KEFS (Delis et al., 2001). The D-KEFS was
developed to assess key components of executive functions through well-established tests from
the literature, with the advantage of the normative national sample being consistent across tests
(1,750 children and adults). The standardization sample was divided into 16 age groups
consisting of separate norms for ages 8 through 15, then group normative data for the ages 16—
19 and every decade thereafter (e.g., 20-29, 30-39, etc.). Four of the eight tests from the D-
KEFS were selected for this study based on their demonstrated utility in the literature to assess
different aspects of executive functions in child populations (e.g., attention, inhibition,
planning, organization): Trail Making, Verbal Fluency, Color-Word Interference (similar to
Stroop Test, Stroop, 1935), and Tower tests. Furthermore, each of these tests generates
Summary, Contrast, and Optional scores. The tests are described in detail in the D-KEFS
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manual, and an outline of primary summary and contrast measures analyzed in the current
study is provided in Table 1; optional scores were not examined as part of the present study.

Data Analyses

Results

First, three separate 2 x 2 factorial MANOV As were used to examine group and sex differences
for the primary scaled scores generated for the Trail Making, Verbal Fluency, and Color-Word
Interference tests (including both summary and contrast scores). Significant multivariate
results were followed by univariate tests. Since the Tower test had only one primary score, a
factorial ANOVA was used to examine performance for that subtest. Second, within the ADHD
sample, subtype (Inattentive vs. Combined) differences on each test were analyzed using
ANOVAs. Effect size values were computed using the d statistic. Effect size is a standardized
quantitative index that can represent the magnitude of change that one variable produces in
another variable as reflected in the difference between two means, independent of sample size
(Cohen, 1988). Interpretation of the effect size d was based on a convention suggested by
Cohen, such that 0.20 is considered a “small” effect size, 0.50 considered “medium,” and 0.80
or greater, a “large” effect size. Given multiple comparisons, to protect against Type | error, a
more conservative approach to interpretation was applied, such that results were only
interpreted as significant with p < .01 and an effect size (Cohen’s d) of 0.50 or greater. Third,
standard scores from all primary measures (summary, contrast) for the Trail Making, Verbal
Fluency, Color Word, and Tower tests were entered into sex-specific linear discriminant
function analyses. The sample was initially examined for normality, and several variables were
negatively skewed. For those skewed variables, outliers (i.e., data points that were more than
+/— 3 SD from the mean) were truncated to the value at +/— 3 SD. After this transformation,
these variables were no longer skewed.

Demographic Information

Demographic information for the sample is provided in Table 2. The total sample was drawn
from a largely middle class SES and was predominantly Caucasian, with a slight predominance
for boys. Children ranged in age from 8 to 16 years. There were no significant differences
between ADHD and control groups in distribution of sex, race, or handedness, and no
significant group differences in SES. Children in the control group had significantly higher
FSIQ scores than the ADHD group F(1,121) = 9.90, p < .01, while children with ADHD were
also significantly older than controls F(1, 121) = 5.00, p = .03. Because group comparisons
were made using age-corrected standard scores, age was not used as a covariate for group
comparisons. 1Q was not used as a covariate for group comparisons, as it seems circular to
control for IQ measurements that may be substantially determined by disorder itself and 1Q
test scores may be lowered by ADHD-associated deficits (Barkley, 1997;Mahone et al.,
2003).

Based on DICA-IV interviews and rating scales, children with all three subtypes of ADHD
were included (i.e., ADHD-C, n=33; ADHD-H/I, n=2; ADHD-I, n=19), and were combined
into one group for initial analyses. Demographic information by ADHD subtype is provided
in Table 3. To examine performance by ADHD subtype, two ADHD subtype groups were
formed: Inattentive (n = 19) and Combined + Hyperactive-Impulsive (n = 35). The proportion
of girls was similar in these two subtype groups, and there were no significant differences in
FSIQ between subtypes. While gender-based differences in ADHD subtype are recognized,
the current sample had insufficient numbers of participants in each cell to appropriately
examine sex by subtype interactions.
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There were no significant differences between boys and girls in race distribution, handedness,
or proportion with ADHD diagnosis. In the entire sample, boys were significantly older than
girls F(1, 122) = 4.33, p = .04; however, there were no significant differences between the
sexes in SES or FSIQ for the entire sample.

Group Comparisons (ADHD versus Control) on Executive Function Measures (D-KEFS)

Factorial MANOVAs (ANOVA for Tower) yielded no significant main effects for sex and no
significant group-by-sex interactions. There were also no significant main effects for group on
Trail Making F(10,110) = 0.9, p = 0.52 or Verbal Fluency F(6,113) = 1.9, p = 0.09. There was
a significant multivariate effect for group on Color-Word Interference F(7,112) = 3.0, p < 0.01
(see Table 4). Subsequent ANOVAs revealed that children with ADHD performed
significantly worse than controls on the Color Naming F(2,119) = 14.8, p <0.01, Word Reading
F(2,119) = 6.3, p = 0.01, Inhibition F(2,119) = 13.7, p < 0.01, Inhibition Switching F(2,119)
=12.9, p<0.01, and Combined Color Naming and Word Reading F(2,119) = 13.4, p < 0.01
variables from Color-Word Interference. Similarly, on the Tower test (Total Achievement),
children with ADHD performed significantly worse than controls F(1,118) = 8.9, p < 0.01
(Table 4).

ADHD Subtype Comparisons on Executive Function Measures (D-KEFS)

Children with Inattentive subtype performed significantly worse than those with Combined
subtype on Number Sequencing F(2, 49) = 7.09, Letter Sequencing F(2,49) = 8.03, and
Combined Number-Letter Sequencing F(1,50) = 8.39 conditions of the Trail Making test
(Table 5). There were no other significant subtype differences noted on any other scores
(summary or contrast) from Trail Making, Verbal Fluency, Color-Word Interference, or Tower.

Group Classification Using the D-KEFS

Girls—Using stepwise linear discriminant function analysis to predict group membership in
girls, the discriminant function produced a significant degree of dissimilarity between the girls
with ADHD and female controls (Wilks” Lambda = .83; p <.01), and the canonical correlation
between the discriminant function and group membership was .48. Using the criteria of F =
3.85 to enter and 2.71 to remove, only two tests entered into the function: Tower Total
Achievement summary score made the largest contribution in discriminating girls with ADHD
from female controls, followed by the Trail Making test (Switching versus Number Sequencing
contrast score). Using this function, the computed discriminant score for each girl was used to
classify her according to probable membership in the ADHD or control group. The cutoff point
(=0.11) was midway between the mean discriminant scores for the ADHD and control groups
(=.57 and .35 respectively). Children with a discriminant score lower than —0.11 were classified
as probably ADHD and those scoring higher, as probably control. Using this cutoff for the sub-
sample of girls, 67.3% of girls in either ADHD or control groups were correctly classified in
the appropriate group; positive predictive power was 0.60 and negative predictive power was
0.71.

Boys—Using stepwise linear discriminant function analysis to predict group membership in
boys, the discriminant function produced a significant degree of dissimilarity between the boys
with ADHD and male controls (Wilks” Lambda = .90; p < .01), and the canonical correlation
between the discriminant function and group membership was .37. Using the criterion of F =
3.84 to enter and 2.71 to remove, the only test to enter into the discriminant function was the
Combined Color Naming + Reading Composite score. Using this function, the computed
discriminant score for each boy was used to classify him according to probable membership
in the ADHD or control groups. The cutoff point (—0.04) was midway between the mean
discriminant scores for the ADHD and control groups (—.37 and .29 respectively). Boys with
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a discriminant score lower than —.04 were classified as probably ADHD and those scoring
higher, as probably control. Using this cutoff for the subsample of boys, 58.5% of the boys
were correctly classified in the appropriate group; positive predictive power was 0.55 and
negative predictive power was 0.62.

Discussion

Results from the present study demonstrate that children with ADHD perform more poorly
than controls on two of four selected measures from the D-KEFS, providing some modest
support for the use of the D-KEFS to identify patterns of executive dysfunction in children
with ADHD. Of note, the group differences emerged, even though groups were screened for
low 1Q and psychiatric comorbidities, and provided the structure of the one-to-one testing
environment. Further, significant differences were observed between groups on primary
summary measures for Color-Word Interference and Tower tests; however, despite adequate
statistical power, no significant differences were observed between ADHD and control groups
on any of the contrast measures examined in the four tests, or between girls and boys. In other
words, controls outperformed children with ADHD on both the “more executive” (e.g., Color
Word Inhibition) and “less executive” (e.g., Color Naming) tests, potentially highlighting the
underlying executive function (response preparation) demands associated with some of these
tests considered to emphasize more “basic” or “ingredient” skills. Alternatively, performance
may be related to the novelty of the tasks or the rapid speed of retrieval required for success
(which would be expected to be poorer in children with ADHD than controls), or because of
non-executive cognitive deficits associated with ADHD. Regardless of the reason for
differences, since group differences are noted in these more basic skills, the sensitivity of these
contrast scores appears limited in children with ADHD.

Even though performance was significantly lower among children with ADHD and controls
on variables from two D-KEFS tests, it is important to acknowledge that our group of children
with ADHD was not deficient on any test—and performed consistently in the average range.
This finding was not surprising given that the mean 1Q of the ADHD group was solidly in the
average range (82% had FSIQ > 100; 55% had FSIQ > 110). Given that performance-based
measures of executive function tend to be less sensitive in children with above average 1Q
(Mahone et al., 2002b), the group effect sizes may be larger among samples with a wider range
of 1Q, or among samples of children with ADHD in which a wider range of learning and
psychiatric comorbidities are included. Because we purposely recruited children with relatively
“pure” ADHD as part of a larger study examining neuroimaging correlates, the severity of
executive dysfunction and range of 1Q typically observed among clinical groups may have
been minimized, thus potentially limiting the generaliziability of findings to the population of
children with ADHD with a wider range of comorbidities.

It is also noteworthy that group differences were evident on tasks assessing rapid naming speed
(especially color naming), even though our group was screened for reading disorders. While
rapid naming is a well-established predictor of reading skill, rapid naming deficits are not
unique to children with reading disorders (Rucklidge & Tannock, 2002; Tannock et al.,
2000). Semrud-Clikeman et al. (2000) found that children/adolescents with ADHD performed
worse than controls on rapid automatized naming of colors and objects, whereas children with
reading disorders were different from controls only on letters and numbers, and then only at
older ages. Rapid color naming may be separable from other forms of rapid naming in ADHD,
and likely involves a different neural substrate (Moore & Price, 1999). Color naming is
considered to be more semantically based, while letter and number naming are considered more
phonologically based (Wolf & Obregon, 1992). Additionally, color naming can be more
difficult for some children, as the lexical and semantic demands involved in rapid naming of
colors may require more effortful mental processing than word reading (Stuss et al., 2001). For
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example, Savitz and Jansen (2003) found that boys with ADHD performed more slowly than
controls on the color naming condition of the Stroop Test. Tannock et al. (2000) found that
children with ADHD (with and without reading disorder) were slower than controls on color
naming; treatment with methylphenidate improved color naming in the ADHD groups, but did
not improve naming speed for letters and numbers. Similarly, Bedard, Ickowicz, & Tannock
(2002) found that children with ADHD improved on color and word naming following
treatment with methylphenidate. These findings highlight the higher level “executive”
demands that may be unique to rapid color naming tests, and underscore the vulnerability of
children with ADHD to tasks requiring these skills.

There were also no significant differences observed between ADHD subtypes on any of the
primary measures emphasizing “executive” skills, a finding consistent with more recent
research on ADHD subtypes (Pasini et al., 2007). Rather, significant subtype differences were
observed only on tests examining more basic or “ingredient” skills from the Trail Making test
(i.e., Visual Scanning, Letter Sequencing, and Number Sequencing), with children with
Inattentive subtype performing worse on these tests. These findings are somewhat surprising
given that most of the children in the Combined subtype group also had symptoms of
inattention. This may be related to the fact that the executive measures used in the present study
have not only a strong attentional component, but require other skills that may be uniquely
deficient in the Inattention subtype of ADHD. As no differences were noted between groups
in sex or 1Q, factors other than those examined in the present study could have impacted
performance.

Although different patterns of classification were identified in boys and girls by discriminant
function analyses, group prediction was only modest (67% and 59% accuracy for girls and
boys, respectively). Given a 50% likelihood of predicting groups by chance alone, the findings
argue against using these D-KEFS tests alone in predicting group membership for children
with ADHD. This limitation is especially true for boys, and possibly reflects the known
intercorrelations among the four D-KEFS subtests, or the low to moderate effect sizes (ADHD
vs. control) for children in this age and ability range.

The strengths of the present study included the careful identification of groups, strict inclusion
and exclusion criteria, and the use of co-normed measures of executive function. Further, the
present study provided a direct examination of contrast variables, which have not been
addressed in the research literature on the D-KEFS in children. There are also several issues
in the present study that should be addressed. First, although the paucity of group differences
noted among primary scores on the D-KEFS is informative, sample (i.e., above average 1Q,
comorbidities excluded) or test characteristics may explain some of the null findings. Second,
it was beyond the scope of this study to examine all eight D-KEFS measures or the numerous
optional scores that are derived from each D-KEFS test. Future research should examine the
predictive validity of all D-KEFS measures in children with ADHD, with closer examination
of these optional scores. Study of optional error and process scores may be particularly fruitful
since they tend to be less correlated with summary scores than the contrast scores (Delis et al.,
2001), and may contribute to predictive power more consistently than the contrast scores. In
addition, future research may consider including imaging data (e.g., MRI) and additional
comparison of the methods of assessing ADHD (e.g., comparison of assessment information
with parent report information). Finally, future research should also continue to examine the
convergent and discriminant validity of the D-KEFS via similar executive (convergent) and
non-executive (discriminant) measures for comparison, as well as further distinguish the
interactive effects of sex and ADHD subtype.

Arch Clin Neuropsychol. Author manuscript; available in PMC 2009 May 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Wodka et al. Page 9

Acknowledgements

Supported by HD-24061 (Mental Retardation and Developmental Disabilities Research Center), R01 NS043480
(MBD), K08 NS02039 (SHM), K02 NS044850 (SHM); R01 NS047781 (SHM); HRSA 6R03MC00030 (CL), M01
RR00052 (Johns Hopkins General Clinical Research Center)

References

American Psychiatric Association. Diagnostic and statistical manual of mental disorders, Fourth Edition-
Text Revision. Washington, DC: 2000.

Barkley RA. Behavioral inhibition, sustained attention, and executive functions: Constructing a unifying
theory of ADHD. Psychological Bulletin 1997;121:65-94. [PubMed: 9000892]

Barkley RA. Genetics of childhood disorders XVII: ADHD Part 1. The executive functions and ADHD.
Journal of the American Academy of Child and Adolescent Psychiatry 2000;39:1064-1068. [PubMed:
10939238]

Bedard AC, Ickowicz A, Tannock R. Methylphenidate improves Stroop naming speed, but not response
interference, in children with attention deficit hyperactivity disorder. Journal of Child & Adolescent
Psychopharmacology 2002;12:301-309. [PubMed: 12625990]

Biederman J, Mick E, Faraone SV, Braaten E, Doyle A, Spencer T, et al. Influence of gender on attention
deficit hyperactivity disorder in children referred to a psychiatric clinic. American Journal of
Psychiatry 2002;159:36-42. [PubMed: 11772687]

Biederman J, Kwon A, Aleardi M, Chouinard VA, Marino T, Cole H, et al. Absence of gender effects
on attention deficit hyperactivity disorder: Findings from nonreferred subjects. American Journal of
Psychiatry 2005;16:1083-1089. [PubMed: 15930056]

Carlson CL, Lahey BB, Neeper R. Direct assessment of the cognitive correlates of attention deficit
disorders with and without hyperactivity. Journal of Psychopathology and Behavioral Assessment
1986;8:69-86.

Cohen, J. Statistical power analysis for the behavioral sciences. 2. Hillsdale, New Jersey: Lawrence
Erlbaum; 1988.

Conners, CK. Conners’ Rating Scales - Revised. North Tonawanda, New York: Multi-Health Systems
Inc.; 1997.

Cutting LE, Koth CW, Mahone EM, Denckla MB. Evidence for unexpected “difficulties in learning” in
children with Attention Deficit Hyperactivity Disorder (ADHD) without Reading Disabilities (RD).
Journal of Learning Disabilities 2003;36:259-269. [PubMed: 15515646]

Delis, D.; Kaplan, E.; Kramer, J. Delis-Kaplan Executive Function Scale. San Antonio, TX: The
Psychological Corporation; 2001.

Denckla MR. Research on executive function in a neurodevelopmental context: Application of clinical
measures. Developmental Neuropsychology 1996;12:5-15.

Durston S. A review of the biological bases of ADHD: what have we learned from imaging studies?
Mental Retardation Developmental Disabilities Research Reviews 2003;9:84-95.

Gaub M, Carlson CL. Gender differences in ADHD: a meta-analysis and critical review. Journal of the
American Academy of Child and Adolescent Psychiatry 1997;36:36-45.

Gershon J. A meta-analytic review of gender differences in ADHD. Journal of Attention Disorders
2002;5:143-154. [PubMed: 11911007]

Mahone EM, Koth CW, Cutting LE, Singer HS, Denckla MB. Executive function in fluency and recall
measures among children with Tourette Syndrome or ADHD. Journal of the International Neurology
Society 2001;7:102-111.

Mahone EM, Cirino PT, Cutting LE, Cerrone PM, Hagelthorn KM, Hiemenz JR, et al. Validity of the
Behavior Rating Inventory of Executive Function in Children with ADHD and/or Tourette Syndrome.
Archives of Clinical Neuropsychology 2002a;17:643-662. [PubMed: 14591848]

Mahone EM, Miller TE, Koth CW, Mostofsky SH, Goldberg MC, Denckla MB. Differences between
WISC-R and WISC-I1I performance scale among children with ADHD. Psychology in the Schools
2003;40:331-340.

Arch Clin Neuropsychol. Author manuscript; available in PMC 2009 May 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Wodka et al.

Page 10

Mahone EM, Pillion JP, Hoffman J, Hiemenz JR, Denckla MB. Construct validity of the auditory
continuous performance test for preschoolers. Developmental Neuropsychology 2005;27:11-33.
[PubMed: 15737941]

Mahone EM, Hoffman JC. Behavior ratings of executive function among preschoolers with ADHD. The
Clinical Neuropsychologist. in press

Moore CJ, Price CJ. A functional neuroimaging study of the variables that generate category-specific
object processing differences. Brain 1999;122:943-962. [PubMed: 10355678]

Mostofsky SH, Cooper KL, Kates WR, Denckla MB, Kaufmann WE. Smaller prefrontal and premotor
volumes in boys with attention-deficit hyperactivity disorder. Biological Psychiatry 2002;52:785-
794. [PubMed: 12372650]

Mostofsky SH, Newschaffer CJ, Denckla MB. Overflow movements predict impaired response inhibition
in children with ADHD. Perceptual and Motor Skills 2003;97:1315-1331. [PubMed: 15002876]

Nigg JT, Blaskey LG, Huahg-Pollock CL, Rappley MD. Neuropsychological executive functions and
DSM-1V ADHD subtypes. Journal of the American Academy of Child and Adolescent Psychiatry
2002;41:59-66. [PubMed: 11800208]

Pasini A, Paloscia C, Alessandrelli R, Porfirio MC, Curatolo P. Attention and executive functions profile
in drug naive ADHD subtypes. Brain and Development 2007;29:400-408. [PubMed: 17207595]

Pennington BF, Ozonoff S. Executive functions and developmental psychopathology. Journal of Child
Psychology and Psychiatry 1996;37:51-87. [PubMed: 8655658]

Reader MJ, Harris EL, Schuerholz LJ, Denckla MB. Attention deficit hyperactivity disorder and executive
dysfunction. Developmental Neuropsychology 1994;10:493-512.

Reich, W.; Welner, Z.; Herjanic, B. The Diagnostic Interview for Children and Adolescents-1V. North
Tonawanda: Multi-Health Systems; 1997.

Rucklidge JJ, Tannock R. Neuropsychological profiles of adolescents with ADHD: effects of reading
difficulties and gender. Journal of Child Psychology and Psychiatry 2002;43:988-1003. [PubMed:
12455921]

Savitz JB, Jansen P. The Stroop color-word interference test, as an indicator of ADHD in poor readers.
Journal of Genetic Psychology 2003;164:319-333. [PubMed: 14521215]

Schmitz M, Cadore L, Paczko M, Kipper L, Chaves M, Rohde LA, etal. Neuropsychological performance
in DSM-IV ADHD subtypes: An exploratory study with untreated adolescents. Canadian Journal of
Psychiatry 2005;47(9):863-869.

Semrud-Clikeman M, Guy K, Griffin J, Hynd G. Rapid naming deficits in children and adolescents with
reading disabilities and attention deficit hyperactivity disorder. Brain and Language 2000;74:70-83.
[PubMed: 10924217]

Stroop JR. Studies of interference in serial verbal reactions. Journal of Experimental Psychology
1935;18:634-662.

Stuss DT, Floden D, Alexander MP, Levine B, Katz D. Stroop performance in focal lesion patients:
Dissociation of processes and frontal lobe lesion location. Neuropsyhologia 2001;39:771-786.
Tannock R, Martinussen R, Frijters J. Naming speed performance and stimulant effects indicate effortful,
semantic processing deficits in attention-deficit/hyperactivity disorder. Journal of Abnormal Child

Psychology 2000;28:237-252. [PubMed: 10885682]

Wechsler, DL. Wechsler Individual Achievement Test-11. San Antonio, TX: The Psychological
Corporation; 2002.

Wechsler, DL. Wechsler Intelligence Scale for Children. 4. San Antonio, TX: The Psychological
Corporation; 2003.

Weiler MD, Bellinger D, Marmor J, Rancier S, Waber D. Mother and teacher reports of ADHD symptoms:
DSM-1V Questionnaire data. Journal of the American Academy of Child and Adolescent Psychiatry
1999;38:1139-47. [PubMed: 10504813]

Wolf M, Obregon M. Early naming deficits, developmental dyslexia, and a specific deficit hypothesis.
Brain and Language 1992;42:219-247. [PubMed: 1606485]

Arch Clin Neuropsychol. Author manuscript; available in PMC 2009 May 1.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Wodka et al.

Table 1

D-KEFS Variables Included in the Study
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D-KEFS Test / Variable

Type of Measure

TRAIL MAKING TEST

Primary Measures: Completion Times
Condition 1: Visual Scanning

Condition 2: Number Sequencing

Condition 3: Letter Sequencing

Condition 4: Number-Letter Switching
Condition 5: Motor Speed

Primary Combined Measure: Completion Times
Combined Number + Letter Sequencing
Primary Contrast Measures: Completion Times
Switching vs. Visual Scanning

Switching vs. Number Sequencing

Switching vs. Letter Sequencing

Switching vs. Combined Number + Letter Sequencing
Switching vs. Motor Speed

VERBAL FLUENCY

Primary Measures

Letter Fluency

Category Fluency

Category Switching

Category Switching: Total Switching Accuracy
Primary Contrast Measure

Letter Fluency vs. Category Fluency

Category Switching vs. Category Fluency
COLOR WORD INTERFERENCE

Primary Measures: Completion Times
Condition 1: Color Naming

Condition 2: Word Reading

Condition 3: Inhibition

Condition 4: Inhibition/Switching

Primary Combined Measure: Completion Times
Combined Naming + Reading

Primary Contrast Measures: Completion Times
Inhibition vs. Color Naming
Inhibition/Switching vs. Combined Naming + Reading
Inhibition/Switching vs. Inhibition

TOWER

Primary Measure

Total Achievement Score

Total - Ingredient
Total - Ingredient
Total - Ingredient
Total - Executive
Total - Ingredient

Summary - Ingredient

Contrast
Contrast
Contrast
Contrast
Contrast

Total - Executive
Total - Ingredient
Total - Executive
Total - Executive

Contrast
Contrast

Total - Ingredient
Total - Ingredient
Total - Executive
Total - Executive

Summary - Ingredient
Contrast

Contrast
Contrast

Total - Executive
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Table 3
Demographic Information by ADHD Subtype
Inattentive Combined +Hyperactive-Impulsive
(n=19) (n=35)

Mean SD Mean SD
Age 11.8 2.2 117 2.0
SES 53.9 8.1 55.2 10.4
FSIQ 105.5 124 109.0 12.7
Percent Male 57.9 - 58.8 -

Note. SES = Hollingshead Index; all comparisons n.s.

Arch Clin Neuropsychol. Author manuscript; available in PMC 2009 May 1.



Page 14

Wodka et al.

'70° > d (01) aHAV < AL
.

2105 Pajeds A9eIndoY [e01 = V1 ‘SS UomIqIyu] sA Buiyaums-uomgiyul = ENOD ‘GINOD "SA Bulyanms-uomagyu = ZNOD ‘SS BullueN 10jod A uonIgIyul = TNOD ‘SS

Buipeay + Buitwep 10]0D = GINOD ‘SS Bulydsums-uoniqiyul = S| ‘SS uomqiyul = NI ‘SS buipeay pJopA = M ‘SS Bulwen J0j0D = ND (AL 'sSA dHAV) uostiedwod dnoub oy (p s,usyo)) azis Smtm_m

“1aplosia AuanoelsdAH 1olaQ UONUSNY = AHAY 810N

G50 £00° 6T €01 6T 10T 6T S0T LT €T LT ST 8T TTT LV
d3IMOL
000 818" vz 00T LT z0T 8T 6'6 02 00T 6T 10T 12 86 ENOD
000 1e8° 1T 96 (4 96 0 9'6 LT 9'6 LT 1'6 8T 9'6 ZNOD
80°0 7v9" LT Z0T Sz 10T 6T €01 12 00T gz 8'6 LT €01 TNOD
0.0 000° 8T g0t 4 1T 0€ 10T 9T 1 9T za 9T 0T Lanod
69°0 000" 6T 00T 12 90T e L'6 6T L'TT 02 6'TT LT 91T Rl
1.0 000° 0€ 00T e 0T v'e 86 (14 81T 12 s 0C LT LN
870 y10° LT 80T (4 €T 6T 0T 8T 6'TT 9T 81T 02 6'TT LaM
1.0 000° ge 8'6 g€ £0T L€ v'6 4 61T LT e LT ST N2
JONIHIIYILNI GQHOM HO10D
as uesiN as uesiN as uesi as uesiN as uesiN as uesiN
(rs=u) (zz=u) (ze=u) (69 =U) (re=u) (se=u)
el SE) shog el SE) shog
eP d aHav j013u0D

NIH-PA Author Manuscript

se0uaJay1a dnouo Jueaniubis BulpjaIA s1sa1 S43M-A
v a|gel

NIH-PA Author Manuscript NIH-PA Author Manuscript

Arch Clin Neuropsychol. Author manuscript; available in PMC 2009 May 1.



Page 15

Wodka et al.

10" > d [-QHAV < IH/2-aHAVY

'SS paads 010l "SA Bulyoums = GNOD ‘dINOD 'SA BUIYONMS = ¥NOD 'SS
Burouanbag Jana “sA Bulydolms = ENOD SS Buiouanbas saquinN 'sA BUIYINMS = ZNOD ‘SS Buluueds [ensiA “sA Bulyoums = TNOD ‘SS Buiouanbas Jana + JaquinN = gINOD ‘SS paads Jo10N = SIN
‘SS Bulouanbag JaquinN-1811977 = N7 SS Buiousnbas 1aneT = S ‘1SS Bulouanbas JaquinN = SN (1SS Buiuueds [ensiA = SA “(IH/D-aHAV ‘sA I-aHAy) uosiedwod dnoib oy (p s,uayo)) azis ﬁmtm_m

‘910N
zro 0LL 43 €017 6'C 00T SNOD
950 850° o€ 9'8 Le 70T YNOO
950 €50° o€ €6 L' A ENOD
vE0 91T 0 T'6 €€ 20T ZNOD
670 95’ L'e 00T 9 90T TNOD
160 S00° L'e 81T A4 0'6 LGWN0D
920 ory’ 6'C 00T 9'¢ €'6 SN
6£°0 €9C ze €01 Le €6 N1
180 L00° o€ 01T vy T'8 S
180 L00° x4 €11 €e T'6 SN
TL0 620° 9C 70T ze 8'8 SA

as uesiN as uesin
eP d (se=u) (6T =U)
anisindwi|-annoedadAH/paulquo)d R UENCI]

NIH-PA Author Manuscript

adA1gns aHAV Aq 1sal Bufey [1eJl 8yl UO 3dURWLIONSd

G 9|gel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Arch Clin Neuropsychol. Author manuscript; available in PMC 2009 May 1.



