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Performance-based measures and ratings of executive functions were examined in a sam-
ple of adolescents with attention deficit/hyperactivity disorder (ADHD) and comparison
controls. Performance-based measures of executive function included inhibition, working
memory, set shifting, and planning, and ratings of these same executive functions were
completed by parents and teachers. Adolescents with ADHD demonstrated lower executive
function performance than controls and displayed elevated ratings on the executive func-
tion ratings by parents and teachers. Significant associations were obtained between the
performance-based measures and the parent and teacher ratings, but each measure was not
uniquely associated with its respective scale on the rating scales. When performance-based
measures and ratings were examined as predictors of ADHD status, the parent and teacher
ratings entered as significant predictors of ADHD status. Further commonality analyses
indicated that performance-based measures accounted for little unique variance in predict-
ing ADHD status and also displayed little overlap with the behavioral ratings. These find-
ings highlight the diagnostic utility of behavioral ratings of executive function in predicting
ADHD status; however, behavioral ratings should not be assumed to be a proxy for perfor-
mance on measures of executive function in clinical practice.

Keywords: Executive function; Adolescents;, Attention deficit/hyperactivity disorder
(ADHD); Behavior Rating Inventory of Executive Function (BRIEF).

Attention deficit/hyperactivity disorder (ADHD) is a neurodevelopmental disorder
that is usualy first diagnosed in childhood, but symptoms tend to persist into adolescence
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and adulthood (Diagnostic and Satistical Manual of Mental Disorders, text revision
[DSM-IV-TR]; American Psychiatric Association [APA], 2000). Executive function
deficits are regarded as an important component of understanding ADHD (Barkley, 2006;
Sonuga-Barke, 2003), and the development of rating scales to measure executive func-
tions provides important implications for the clinical utility of using rating scales to assess
executive processes. The first purpose of this study was to examine executive functionsin
adolescents with ADHD using performance-based measures and behavioral ratings. The
second purpose was to compare performance on performance-based measures of execu-
tive function with ratings of executive functions using the Behavior Rating Inventory of
Executive Function (BRIEF; Gioia, Isquith, Guy, & Kenworthy, 2000) completed by par-
ents and teachers. Finally, we examined whether performance-based measures and ratings
were predictors of ADHD status.

Deficits in executive functions in children with ADHD have been well documented
(Barkley, 2006). Children with ADHD demonstrate deficits in their performance on many
executive function tasks. In general, executive function processes demonstrate consider-
able variability in ADHD samples, with only a proportion of participants with ADHD
displaying impairment on one or more of these measures (Nigg, Willcutt, Doyle, &
Sonuga-Barke, 2005), but a recent meta-analytic review suggests that deficits have most
often been observed on measures of response inhibition, vigilance, working memory, and
planning (Willcutt, Doyle, Nigg, Faraone, & Pennington, 2005). Adolescents with ADHD
have reportedly been understudied with respect to neuropsychological mechanisms, but a
recent study has reported that adolescents with ADHD demonstrated impaired perfor-
mance relative to controls on the executive function measures of inhibition (stop task and
Stroop task) and set shifting (Trail Making and Wisconsin Card Sort; Martel, Nikolas, &
Nigg, 2007). The emergence of adolescence is an important developmental phase to
understand, particularly with respect to ADHD symptomatology. On the one hand, it has
been reported that hyperactivity tends to decline into adolescence and that improvements
occur in attention span and impulse control (Fischer, Barkley, Smallish, & Fletcher,
2005), but, on the other hand, there are increased demands in adolescence for autonomy
and independence, which may worsen symptoms and distress (Barkley, 2006). With these
important changes occurring in adolescence, further research is needed to determine
whether differencesin executive functions reliably characterize adolescents who are diag-
nosed with ADHD. Specifically, we examined neuropsychological measures of inhibition
(Stop Task), working memory (verbal and nonverbal), set shifting (Trail Making), and
planning (Stockings of Cambridge from a computerized neuropsychological battery
[CANTAB]; Robbins, James, Owen, Sahakian, Mclnnes, & Rabbitt, 1994), as these
domains have been reported to be impaired in individuals with ADHD (Martel et al.,
2007; Pennington & Ozonoff, 1996; Willcutt et al., 2005).

In addition to understanding executive functions during different periods of develop-
ment, thereis also interest in understanding the converging evidence for the role of executive
functions in ADHD. Current models of ADHD include dysfunction in executive processes
as one important pathway for understanding ADHD (Castellanos, Sonuga-Barke, Milham,
& Tannock, 2006; Sagvolden, Johansen, Aase, & Russall, 2005; Sonuga-Barke, 2003). Def-
icits observed in executive functions in ADHD are consistent with structural brain-imaging
studies showing that children with ADHD have smaller volumes in various brain regions
including the dorsolateral prefrontal cortex, which is typically associated with executive
functions (Seidman, Valera, & Makris, 2005). While it is contentious whether executive
function deficits are consistently observed across ADHD samples (Jonsdottir, Bouma,



Downloaded By: [Canadian Research Knowledge Network] At: 14:21 15 July 2008

EXECUTIVE FUNCTIONSIN ADOLESCENTSWITH ADHD 3

Sergeant, & Scherder, 2006), a comprehensive review by Halperin and Schulz (2006) found
that the neuropsychological and neuroimaging research provide considerable evidence for
associations between prefrontal and basal ganglia function and the behavioral manifestations
of ADHD. An additional domain of interest is whether there is convergence among perfor-
mance-based measures of executive functions and behavioral ratings of executive functions.

In line with seeking convergence across methods for studying executive processes, a
second goal of this study was to examine associations between performance-based mea-
sures of executive function and ratings of executive function processes by parents and
teachers. The Behavior Rating Inventory of Executive Function (BRIEF) is a behavioral
rating measure that was specifically designed to assess child and adolescent everyday
executive skills in natural, everyday environments, including home and school (Gioia
et a., 2000). The BRIEF is composed of two major index scales and a composite of the
two, which are the Behavioral Regulation Index (BRI), the Metacognition Index (M1), and
the Globa Executive Composite (GEC). Each of the two major index scales is further
composed of scales. The BRI is composed of the Inhibit, Shift, and Emotional Control
scales, and the M1 is composed of the Initiate, Working Memory, Plan/Organize, Organi-
zation of Materials, and Monitor scales. In their standardization of the BRIEF parent and
teacher report forms, Gioia et al. (2000) reported that children with ADHD had signifi-
cantly higher scores on virtually all of the scales compared to comparison controls. Ele-
vated scores on the BRIEF have a so been demonstrated in children and adolescents with
intractable epilepsy (Slick, Lautzenhiser, Sherman, & Eyrt, 2006), children with moderate
to severe traumatic brain injuries (Mangeot, Armstrong, Colvin, Y eates, & Taylor, 2002;
Vriezen & Pigott, 2002), children with autism (Gilotty, Kenworthy, Sirian, Black, & Wagner,
2002), and adolescents with myelomeningocele and hydrocephalus (Mahone, Zabel,
Levey, Verda, & Kinsman, 2002).

Since the publication of aspecial issue of Child Neuropsychology devoted to examin-
ing the potential utility of the BRIEF (Donders, 2002), there has been ongoing interest in the
research and clinical utility of executive function measures, including both neuropsychol og-
ica and behaviora ratings. The interface between obtaining convergence across different
measures purported to measure executive processes and the clinical utility of a measure has
been identified as an important issue (Denckla, 2002). The evidence for such convergence
and clinical utility is somewhat mixed. On the one hand, few or no significant associations
have been reported between the BRIEF and performance-based measures of executive func-
tion. Mahone, Cirino, et al. (2002) found that parent report BRIEF index scores did not sig-
nificantly correlate with performance-based measures of executive function, intellectual
ability, or reading abilities in a sample of children with ADHD and Tourette’'s Syndrome,
but that the BRIEF was significantly associated with math achievement. No significant
associations were obtained between BRIEF parent ratings and continuous performance test
performance, which was used as an indicator of inhibitory control (Bodnar, Prahme, Cut-
ting, Denckla, & Mahone, 2007). Anderson, Anderson, Northam, Jacobs, and Mikiewicz's
(2002) study of the BRIEF in children with brain disease reported very few significant asso-
ciations between the Index scores and their chosen executive function measures. The same
was true in a study on children with braininjuries (Vriezen & Pigott, 2002).

Alternatively, there has been some evidence to demonstrate the clinical utility of the
BRIEF, for example, with respect to the presence of ADHD and subtype comparisons.
Children with ADHD were reported to have significantly elevated scores on all BRIEF
parent-rating scales relative to controls, and children with the ADHD Combined subtype
had significantly elevated scores on the Behavioral Regulation Index relative to the
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ADHD Inattentive subtype (Gioia et a., 2000). Similarly on the BRIEF teacher ratings,
children with ADHD had significantly elevated scores on all scales relative to controls,
and children with the ADHD Combined subtype had significantly elevated scores on the
Behaviora Regulation Index and Monitor scale relative to the ADHD Inattentive subtype
(Gioia et d., 2000). McCandless and O’ Laughlin (2007) reported significantly elevated
scores in the children with ADHD than comparison controls on the Behavior Regulation
Index and the Metacognitive Index of the BRIEF parent report. They also reported that the
Behavior Regulation Index of the BRIEF parent report was significantly higher for chil-
dren diagnosed with ADHD Combined subtype than for children diagnosed with ADHD
Inattentive subtype; this effect has also been reported by others (Riccio, Homack, Jarratt, &
Wolfe, 2006). Overall, these studies suggest that the Combined subtype is associated with
elevated scores on the Behavior Regulation Index and the Inattentive subtype is more
likely associated with elevated scores on the Metacognitive Index. Overall, there has been
more research support for the clinical utility of the BRIEF in distinguishing ADHD
subtypes than associations obtained between the BRIEF and performance-based measures
in ADHD.

In order to advance understanding of the convergence (or lack thereof) between
performance-based measures and behaviora ratings of executive processes and the clinical
utility of these measuresin ADHD, we examined associations among performance-based
executive function measures and the parent and teacher BRIEF ratings in a sample of ado-
lescents with ADHD and comparison controls. A unique feature of this study was the
inclusion of both parent and teacher ratings. Then, we examined the performance-based
measures of executive function and the parent and teacher BRIEF ratings as predictors of
ADHD status for each executive function domain using logistic regression analyses. Com-
monality analyses were then conducted to examine the unique and common variance
accounted for by the performance and rating measures in predicting ADHD status. Associ-
ations between the performance-based and rating measures with number of ADHD inat-
tentive and hyperactive/impulsive symptoms were also examined.

METHOD
Participants

Two groups of adolescents participated: 46 adolescents (87% male) with a confirmed
clinical diagnosis of ADHD based on Diagnostic and Satistical Manual of Mental Disorders,
fourth edition (DSM-1V; APA, 2000) criteria and 44 comparison adolescents (45.5%
male). All adolescents were between the ages of 13 years and 18 years (mean age = 15.5
years, SD = 1.4). Nineteen (39.6%) of the adolescents with ADHD were recruited from
patients who were previously assessed in childhood and were re-diagnosed with ADHD.
The remaining clinical participants were recruited through advertisements at pediatric
offices and new referrals at an urban children’s hospital. Previously assessed and newly
recruited adol escents did not differ in symptom severity, as measured by our clinical inter-
view given to parents and adolescents. Adolescents in the control comparison group were
recruited through hospital staff and community resources. Adolescents were excluded
from this sample if they showed evidence of psychosis, a pervasive developmental disorder,
aserious medical condition, or an estimated 1Q below 80. All adolescents participating in
the study were native English speakers. This study was approved by the Research Ethics
Board at the hospital.
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ADHD Sample. All adolescents had a diagnosis of ADHD using DSM-1V criteria
confirmed at the time of this study by a comprehensive clinical assessment. Ph.D. level
cliniciansin psychology conducted a semistructured diagnostic interview using the Sched-
ulefor Affective Disorders and Schizophreniafor School-Age Children- Present and Life-
time Version (K-SADS-PL; Kaufman, Birmaher, Brent, Rao, & Ryan, 1997). Teachers
completed the Conners Rating Scales- Revised (Conners, 1997). A consulting psychia-
trist participated in validating the final diagnosis (UJ).

Diagnosis of ADHD was based on the following: (a) met DSM-IV-TR (APA, 2000)
criteriafor ADHD according to a clinician summary based on the K-SADS-PL parent and
adolescent interviews; (b) met the clinical cutoffs (T-score > 70) for symptoms of ADHD
(Inattentive or Hyperactive/lmpulsive) on the Conners' Rating Scales — Revised teacher
guestionnaires, in order to ensure pervasiveness of symptoms across settings; (¢) evidence
of ADHD symptoms prior to age 7, as determined by a previous clinical diagnosis or, in
newer cases, according to developmental history from parents and school report cards; and
(d) indications of impairment due to symptoms of ADHD. Of the ADHD adolescents,
46% met criteria for the Predominantly Inattentive subtype and 54% met criteria for the
Combined subtype. Subtype was determined by the number of clinically significant symp-
toms reported on the K-SADS-PL. If participants had a total of six inattentive or six
hyperactive/impulsive symptoms, they met criteria for the Predominantly Inattentive
or Hyperactive/lmpulsive subtype. If participants had six symptoms on both sets of
symptoms, they met criteria for the Combined subtype. Adolescents had a mean of 7.0
(SD = 1.8) symptoms of inattention, and amean of 4.3 (SD = 2.9) symptoms of hyperactivity/
impulsivity on the K-SADS-PL. A proportion of our adolescents with ADHD had comor-
bid diagnoses: 13 (28%) had oppositional defiant disorder, 2 (4%) had conduct disorder,
3 (6%) had depression, and 4 (9%) had generalized anxiety. Then, 11 (24%) had reading
difficultiesand 5 (11%) had math difficulties.

Fourteen (30%) of the ADHD adolescents were currently using stimulant medication,
while an additional 8 (17%) had used stimulant medication previously. The use of nonstim-
ulant medication (2 antidepressants and 3 on Strattera) was reported by 5 participants
(11%), and 20 (43%) had never used any psychoactive medication. All participants were
asked to refrain from taking any medication 24 hours prior to the assessment, including any
substances or aternative treatments, such as herbal remedies. Exceptions were made
for two adolescents using antidepressants. The other 3 participants who reported use of
nonstimulant medication had been off medication for at least six weeks prior to this study.

Comparison Control Sample. Parent and adolescent ratings on the Conners
were used to screen for any current complaints of problems with attention, behavior, mood
disturbances, or learning. Our screening criterion was T-scores below 70 on all of the scales.

Measures

Standardized Psychoeducational Measures. All adolescents were given a
battery of standardized measures to screen for academic and intellectual difficulties,
including: measures of single-word reading, math computational ability, and intellectual
abilities. Reading was measured using the Reading subtest from the Wide Range Achieve-
ment Test-3 (WRAT-3; Wilkinson, 1993). Math computational ability was measured
using the Arithmetic subtest from the WRAT-3. The Wechsler Abbreviated Scale of Intel-
ligence (WASI; Wechsler, 1999) was used to provide an estimate for intellectual ability.
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Itis comprised of four subtests. Vocabulary, Block Design, Similarities, and Matrices,
which provided an estimate of full-scale intellectua ability.

Standardized Behavior Ratings. Parents and teachers were asked to complete
the BRIEF (Gioia et al., 2000). The Inhibit, Shift, Working Memory, and Plan/Organize
scales were specificaly selected for the current analyses, as they mapped onto the
performance-based executive function measures selected for this study. T-scores were
reported as the dependent measure.

Performance-Based Executive Function Measures. Measures of inhibition,
set shifting, working memory, and planning were included in this study.

Inhibition was measured using the stop task (Logan & Cowan, 1984; Schachar,
Mota, Logan, Tannock, & Klim, 2000; Williams, Ponesse, Schachar, Logan, & Tannock,
1999). The stimuli for this task were presented on a computer. A handheld response box
was connected to the computer. The response box had two buttons, each labelled with the
visual stimuli used for the go task. For the go task, participants were instructed that they
would see an “X” or “O" on the computer screen, and that their task was to press the cor-
responding button (i.e., left for the X, right for the O) on the response box as quickly as
possible after seeing the letter presented. Each go trial was preceded by a 500 ms fixation
point (i.e., asmall square) presented at the center of the computer screen, followed by the
letter, which remained on the screen for 1000 ms. In addition, participants were given
headphones and were told that, every once in awhile, they would hear a beep sound, and
when they heard the beep, they had to stop themselves from executing a response (i.e.,
pressing either button on the response box). These were stop-signd trials. These stop-signal
trials occurred on approximately 25% of the trials and consisted of an auditory tone that
was generated by the computer following the presentation of the go stimulus that lasted
for 500 ms. The stop-signal delay (that is, the interval between the presentation of the go
stimulus and the auditory signal of the stop-signal trial) was changed dynamically after
each stop-signal trial based on the performance of the participant on the previous stop-signal
trial (Logan, Schachar, & Tannock, 1997). Stop-signal delay was initialy set at 250 ms
and was adjusted in 50 ms steps: the delay increased by 50 msif the participant inhibited
successfully to the previous stop signal (making it harder to stop on the next stop-signal
trial) and decreased by 50 ms if the participant failed to inhibit (making it easier to stop on
the following stop-signal trial). The goal of this tracking algorithm was to alow partici-
pants to successfully inhibit their responding to the go task on approximately 50% of the
stop-signal trials. The experimental task consisted of 192 trials divided into six 32-trial
blocks. An equal number of Xs and Os were presented in each block. The stop stimulus
was presented on eight (25%) of the visua go-signa trials. The stop stimulus was
presented half of the time following an X go stimulus and half of the time following an O
go stimulus. The order in which the trials were presented was randomized separately for
each participant. The reaction-time difference between stop and go signals, called the
stop-signal reaction time (SSRT), was the dependent measure and was calculated by
subtracting the mean delay (ms) from the mean go-signal reaction time (ms). Longer
SSRT isindicative of weaker inhibition.

Set shifting was measured using the Trail Making Task — Part B (Reitan, 1958).
Both Part A and Part B were administered, but only Part B was used the measure of set
shifting (Spreen & Strauss, 1998). Part A involved connecting a set of numbers sequen-
tially without lifting the pencil’s tip from the surface of the paper. Part B involved
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connecting numbers and letters sequentialy (1-A, 2-B, and so on) without removing the
pencil’s tip from the surface of the paper. Both parts were timed. Part B has been
described as the more sensitive part of the Trail Making Test (Spreen & Strauss, 1998),
and, therefore, the amount of time to complete Part B was the dependent measure, with
longer time indicating weaker ability in set shifting.

Verbal and spatial working memory was examined using the Digit Span and Spatial
Span subtests from the Wechder Intelligence Scale for Children - Third Edition (WISC-III;
Wechder, 1991) and the WISC-II Processing Instrument (WISC-111-Pl; Kaplan et d., 1999).
Both of these tasks include one component of memory span (the ability to maintain informa-
tion) and one component of working memory (the ability to smultaneousdy maintain and
mani pul ate the information being held). A recent review suggests that memory span and work-
ing memory tasks measure the same basic processes (Unsworth & Engle, 2007). Therefore,
both memory span and working memory were included for the Digit Span and Spatia Span
tasks. Performance on the Digit Span and Spatial Span tasks were highly corrdated, r = 0.47,
p =.0001, and therefore a composite working memory score was created by summing the two
standard scores for each test. A higher score was indicative of better working memory.

Planning was measured using the Stockings of Cambridge (SOC) task from the
Cambridge Neuropsychological Test Automated Battery (CANTAB; Robbins, James,
Owen, Sahakian, Mclnnes, & Rabbitt, 1994). This task is essentially a computerized ver-
sion of the Tower of London (Shallice, 1982). This task was presented on the CANTAB
touch screen computer. In this task, two displays were shown on a computer monitor, both
containing colored “balls’ that were designed to be perceived as hanging within “ stockings’
suspended from a beam. The adolescent was asked to rearrange the ballsin the lower display
to match the spatial arrangement of those in the upper display. Task difficulty increased as
the number of ballsincreased, as more moves were necessary to obtain the target screen. The
most challenging five-move items were included as the dependent measure to avoid the cell-
ing effects that result from running the less complicated (two-, three-, four-move) items with
our adolescents. The dependent measure was number of problems solved in minimum
moves for the five-move problem versions. Standard scores calculated from the CANTAB
norms were the dependent measure, with higher scores indicating better planning ability.

Statistical Considerations

Statistical Approach. Groups were compared on al of the measures using mul-
tivariate analysis of variance (MANOVA). Correlational analyses were conducted
between executive function performance measures and the scales of the BRIEF, and
within the executive function performance and ratings measures. The performance-based
executive function measures and the BRIEF ratings were examined as predictors of
ADHD status using logistic regression analyses. A commonality analysis using
Nagelkerke's R? from the logistic regression analyses, which is the most commonly used
and best approximation of R? (Tabachnick & Fidell, 2001), was used to examine unique
and common variance attributable to the performance and rating measures. Finaly, asso-
ciations between the number of inattentive and hyperactive/impulsive symptoms and
ratings with the performance-based and behavioral ratings were examined.

Outliers and Normality. Some individuals displayed extreme performance on
individual timed tasks but were within a normal range on others. Extreme performance
was defined as greater than two standard deviations from the mean. Each deviant score
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was changed to equal the next highest score in the distribution, plus one unit (Tabachnick &
Fidell, 2001). This procedure was applied to our performance-based executive function mea
sures. One participant with ADHD and one control participant had their scores on the set
shifting measure changed, as did one participant with ADHD on the stop task. The normality
of the performance-based tasks was examined using the Shapiro-Wilk test and examination
of the distribution shape for each dependent measure. Given the moderate sample size of this
study, a conservative apha level of .001 was used to evaluate normality (Tabachnick &
Fidell, 2001). Only the stop signal task was significantly skewed positively (W = 0.83,
p < .0001); alog transformation was performed eliminating the skewness of this variable.

RESULTS
Group Differences

Group differences and diagnostic characteristics of the sample are displayed in
Table 1. The adolescents with ADHD scored significantly lower on estimated full-scale
intellectual ability, reading ability, and math ability compared to controls. There were no
significant differencesin age.

Performance-Based Executive Function Tasks. Multivariate analysis of
variance (MANOVA) was used, with group as a between-subject factor and the four
dependent experimental executive function measures (stop task SSRT, working memory
composite, Trailmaking Part B time, and the Stockings of Cambridge standard score on
the five-move problem). There was a significant group effect, F(4, 82) = 4840.40,
p = .0001, indicating that adolescents with ADHD displayed less optimal performance on
all executive function experimental measures relative to comparison controls. Specifi-
cally, adolescents with ADHD had longer stop signal reaction times on the stop task, a
lower working memory composite score, longer time to completion on the set shifting
measure, and fewer problems solved in the minimum number of moves on the planning
task than controls. Means and standard deviations are presented in Table 2.

As the gender ratio in the ADHD and control groups was unequal, gender was
examined as a covariate; al of the significant differences on the performance-based mea
sures remained. This is consistent with previous studies that have examined executive

Table1 Clinical Characteristics of the ADHD and Comparison Control Groups.

ADHD Controls

(n=46) (n=44) t Cohen’'sd
Age 15.58 (1.41) 15.35(1.42) -0.77 0.16
WASI Verbal 1Q 105.22 (10.58)  110.93 (9.95) 2.64* 0.56
WASI Nonverbal 1Q 101.78 (10.99) 107.55 (10.47) 255 054
WASI Estimated Full-Scale 1Q 104.11(9.91)  110.66 (9.87) 3.14* 0.66
WRAT-3 Reading Standard Score 103.65(9.89)  107.98(8.83) 2.19 0.46
WRAT-3 Arithmetic Standard Score 90.89(12.03) 103.34(13.71) 4.58** 0.96
Conners' DSM-1V Inattentive T-score 72.22 (11.03) 49.26 (8.03) -11.16** 2.38
Conner’'s DSM-1V Hyperactive/lmpulsive T-score  71.38 (13.27) 51.00 (9.12) —8.39** 1.79
Conners' DSM-1V Inattentive T-score 71.64 (14.79)  49.34(9.03) —8.01** 1.82
Conner’s DSM-1V Hyperactive/lmpulsive T-score  65.59 (16.55) 50.21 (9.00) —5.08** 115

**p < ,001, *p < .01. Standard deviation in parentheses.
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Table 2 Mean (SD) Performance in ADHD and Comparison Control Groups on Executive Function
Performance-Based Tasks.

ADHD Controls
(n=45) (n=42) F n?
Inhibition 2.29 (0.20) 2.19(0.14) 8.22* 0.09
Stop task—SSRT
Working Memory 19.11 (6.04) 23.71 (4.32) 16.50** 0.16
Verbal and spatial
working memory composite
Set Shifting 75.40 (22.47) 59.67 (22.09) 10.82** 0.11
Trailmaking Part B time
Planning -1.31(1.44) -0.48 (1.09) 9.11* 0.10

Stockings of Cambridge standard
score-Minimum number of moves
for five-move problem

**p<.001, *p< .01

function performance in ADHD samples (Rucklidge & Tannock, 2002). Estimated full-
scale |Q and reading ability were also examined as covariates; 1Q entered as a significant
covariate, but reading ability did not. Specifically, 1Q was a significant covariate for set
shifting (2 = .14) and the working memory composite (n? = .17). The group difference on
set shifting disappeared when 1Q was entered as a covariate.

Executive Function Behavior Ratings. Two separate MANOVAS were con-
ducted for parent and teacher ratings on the BRIEF. Group was a between-subject factor
with the four dependent BRIEF executive function ratings (Inhibit T-score, Shift T-score,
Working Memory T-score, and Plan/Organize T-score). In both analyses, all scales showed
significantly elevated scores in the ADHD group compared to controls in both parent,
F(4, 85) = 1570.65, p = .0001, and teacher reports, F(4, 69) = 470.87, p = .0001. These
results are displayed in Table 3. When gender, estimated full-scale |Q, and reading ability
were entered as covariates, none of these variables entered as significant covariates.

Table 3 Parent and Teacher BRIEF Ratings for ADHD and Comparison Contrals.

ADHD Controls F n?
Parent BRIEF Scales (n = 46 for ADHD group, and n = 44 for Control group)
Inhibit Index T-score 67.35 (13.55) 47.27 (7.74) 73.56** 0.46
Shift Index T-score 64.02 (12.44) 48.05 (7.72) 52.99** 0.38
Working Memory 77.15 (11.48) 48.55 (8.42) 180.29** 0.67
Index T-score
Plan/Organize Index T-score 72.35(7.85) 49.27 (9.36) 160.95%* 0.65
Teacher BRIEF Scales (n = 37 for both groups)
Inhibit Index T-score 69.68 (17.95) 48.84 (8.71) 40.38** 0.36
Shift Index T-score 72.35 (22.10) 47.68 (7.61) 41.24%* 0.36
Working Memory 79.05 (16.90) 50.35 (10.71) 76.18** 0.51
Index T-score
Plan/Organize Index T-score 78.68 (17.65) 50.14 (11.54) 67.81** 0.49

**p < ,001. Standard deviation in parentheses.



Downloaded By: [Canadian Research Knowledge Network] At: 14:21 15 July 2008

10 M.E. TOPLAK ET AL.

Correlational Analyses

Executive Function Performance-Based Measures and Ratings. These
results are displayed in Table 4. Virtualy all of the executive function experimental tasks
were significantly associated with the parent and teacher ratings on the BRIEF scales, with
the exception of alack of significant associations between the stop task and parent ratings
of the Shift, Working Memory, and Plan/Organize scales on the BRIEF. In order to exam-
ine whether executive function performance is uniquely associated with its respective
BRIEF index score, we calculated confidence intervals for each correlation between the
performance-based measure and the respective BRIEF scale. For example, the correlation
between the stop task and the teacher reported Inhibit Index T-score wasr = .32, p = .006,
and the range of this correlation is .10 to .52 based on a 95% confidence interval. If the
remaining correlations in this column of scores with the teacher report fall within this
range, then these correlations do not significantly differ from this target correlation. This
isthe case for this association and for all of the other confidenceinterval calculations, sug-
gesting that there are not unique associations between specific performance and behav-
ioral rating measures. That is, the stop task was not uniquely correlated with the Inhibit
Scale of the parent and teacher BRIEF ratings, and this was analogous for the other execu-
tive functions examined.

We also conducted correlations among the executive function experimental tasks.
Three of the six correlations were significant. Planning was significantly correlated with
the stop task, r = —.382, p =.0001, and working memory was significantly correlated with
planning, r = —.349, p = .001, and with set shifting, r = —.478, p = .0001, suggesting some
overlap among these different performance-based measures of executive function. When
this correlational analysis was conducted with estimated full-scale 1Q entered as a covari-
ate, two of six executive function measures were significant. Planning was significantly
correlated with the stop task, r = —.379, p = .0001, and working memory was significantly
correlated with the stop task, r = —.281, p = .009. We aso examined intercorrelations
within the BRIEF scales separately for the parent and teacher ratings. For the parent
BRIEF, al four scales were strongly intercorrelated, ranging from r = .547, p = .0001, to
r =.891, p = .0001. Intercorrelations were similar for the teacher BRIEF, ranging from
r=.633, p=.0001tor =.936, p=.0001.

Logistic Regression Analyses

Logistic regression analyses were performed to examine the diagnostic utility of the
performance-based executive function measures and the parent and teacher BRIEF rat-
ings. The strategy was to first examine whether each performance-based measure signifi-
cantly predicts ADHD status and, then, to simultaneously enter both performance-based
and BRIEF ratings as predictors of ADHD status. A separate regression analysis was done
for each of the domains of executive function examined in this study, including inhibition,
set shifting, working memory, and planning. The results of the simultaneous regression
analyses are displayed in Table 5.

The measure of inhibition (stop task) was a significant predictor of ADHD status,
as indicated by the significant %2 on the likelihood ratio test, x2 (1, N = 87) = 7.23,
p =.007, and the Hosmer-Lemeshow goodness-of-fit test was nonsignificant, %2 (8,
N = 87) = 12.067, p = .148, indicating that the model fit the data well. The actual
classification accuracy was 59.5% for controls and 62.2% for participants with ADHD.
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Table 5 Logistic Regression Analyses Predicting ADHD Status Using Performance-Based and Parent and
Teacher BRIEF Ratings.

B SEB Wald'sy p Exp (B)

Analysis#1 Predictors: Inhibition — Stop task SSRT, BRIEF Inhibit parent and teacher
Reports

Inhibition — Stop task SSRT 2.939 2.139 1.889 .169 18.901
BRIEF Inhibit T-Score — parent 0.165 0.051 10.589 .001 1.179
BRIEF Inhibit T-Score —teacher 0.084 0.031 7.377 .007 1.088

Likelihood ratio test % (3, N = 71) = 57.88, p = .0001
Goodness-of-fit test %2 (8, N = 71) = 10.166, p = .254

Analysis#2 Predictors: Set-shifting — Trailing making, BRIEF Shift parent and teacher reports

Set shifting — Trail making .031 .018 3.096 .078 1.032
BRIEF Shift T-score — parent 120 .040 8.870 .003 1127
BRIEF Shift T-score — teacher .096 .031 9.410 .002 1.100

Likelihood ratio test x2 (1, N = 74) = 54,77, p = .0001
Goodness-of fit test %2 (8, N = 74) = 7.609, p = .473

Analysis #3 Predictors: Working memory composite, BRIEF Working Memory parent and teacher reports

Working memory composite —-.061 .095 0.403 .526 0.941
BRIEF Working Memory — parent 244 .081 9.126 .003 1.277
BRIEF Working Memory - teacher 122 .051 5.726 .017 1.130

Likelihood ratio test %2 (1, N = 74) = 81.403, p = .0001
Goodness-of-fit test x? (7, N = 74) = 4.251, p= .834

Analysis #4 Predictors: Planning — Stockings of Cambridge, BRIEF Plan/Organize parent and teacher reports

Planning — Stockings of Cambridge -544 403 1.824 477 0.580
BRIEF Plan/Organize — parent 194 .054 12.708 .0001 1.214
BRIEF Plan/Organize — teacher .085 .032 7.123 .008 1.088

Likelihood ratio test x2 (1, N = 74) = 72.00, p = .0001
Goodness-of-fit test x? (7, N = 74) = 1.412, p = .994

When both the stop task and the BRIEF Inhibit T-score parent and teacher ratings were
examined as predictors of ADHD status, the %2 on the likelihood ratio test was signifi-
cant and the Hosmer-Lemeshow goodness-of-fit test was nonsignificant, but the stop
task no longer entered as a significant predictor (Analysis #1, Table 5). The BRIEF
Inhibit parent and teacher ratings entered as significant predictors, and classification
accuracy was considerably higher, with 91.4% for controls and 86.1% for participants
with ADHD.

Analogous results were obtained for the other performance-based measures of
executive function. That is, performance on the set shifting, working memory, and plan-
ning measures were all significant predictors of ADHD status; set shifting, the likeli-
hood ratio test ¥ (1, N = 90) = 10.95, p = .001, and goodness-of-fit test y?
(8, N = 90)=6.436, p=.599; working memory, the likelihood ratio test %2 (1, N = 90) =
15.44, p = .0001, and goodness-of-fit test 2 (7, N = 90) = 6.864, p = .443, and planning,
the likelihood ratio test %2 (1, N = 90)=8.808, p=.003, and goodness-of-fit test x2 (7,
N = 90) = 9.702, p = .287. However, when analyses included both performance-based
measures and behavioral ratings, only the behavioral ratings were significant predictors
of ADHD status (see Table 5). Classification accuracy was higher when behavioral
ratings were included in the analyses. When only the set shifting performance measure
was entered as a predictor, the actual classification accuracy was 63.6% for controls and
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63.0% for participants with ADHD; when performance and ratings were entered, the
classification accuracy was 86.5% for controls and 78.4% for participants with ADHD.
When only the working memory composite was entered, the actual classification accu-
racy was 68.2% for controls and 67.4% for participants with ADHD; when performance
and ratings were entered, the classification accuracy was 97.3% for controls and 94.6%
for participants with ADHD. When only planning was entered, the actual classification
accuracy was 61.4% for controls and 63.0% for participants with ADHD; when perfor-
mance and ratings were entered, the classification accuracy was 94.6% for controls and
89.2% for participants with ADHD.

Commonality Analyses

Based on the logistic regression analyses, we calculated the unique and common
variance attributable to the performance measures, the parent ratings, and the teacher rat-
ingsin predicting ADHD status, shown in Table 6. The performance-based measures con-
tribute little unique variance to explaining ADHD status, ranging from 0% for working
memory to 3% for set shifting. A substantial part of the unique variance is attributable to
the parent and teacher ratings for predicting ADHD status, ranging from 5% to 28% of the
variance explained in ADHD status. In addition, the variance that is common to the
performance-based measures and ratings is also very small, ranging from 0% between
the stop task and parent Inhibit T-score, to 3% between the stop task and teacher Inhibit
T-score. The other calculations further indicate that the bulk of variance in explaining
ADHD status in the regressions is attributabl e to the parent and teacher ratings, with little
contribution from the performance-based measures.

Correlations Between Inattention, Hyperactivity/Impulsivity,
and BRIEF Parent and Teacher Ratings

In order to examine associations with inattention and hyperactivity/impulsivity,
we correlated the number of symptoms of inattention and hyperactivity/impulsivity
on the K-SADS-PL and the Conners' parent and teacher ratings with the perfor-
mance-based executive function tasks and BRIEF parent and teacher ratings. No sig-
nificant associations were obtained between the performance-based executive
function tasks and the number of inattentive and hyperactive/impulsive symptoms on
the K-SADS-PL. Parent report on the BRIEF was significantly associated with the
number of inattentive and hyperactive/impulsive symptoms. Specifically, the number
of symptoms of hyperactivity/impulsivity was significantly associated with the
Inhibit Index T-score by parents, r = —.55, p = .001. Then, the number of symptoms
of inattention was significantly associated with the Shift Index T-score by parents,
r =-.38, p = .01, the Working Memory Index T-score, r = —.39, p=.009, and the
Plan/Organize T-score by parents, r = —.40, p = .007. No significant associations
were obtained between teacher report on the BRIEF and the number of symptoms of
inattention and hyperactivity/impulsivity. On the Conners’ Parent Rating Scales,
both parent-rated inattention and hyperactivity/impulsivity (on the DSM-IV sub-
scales) were significantly intercorrelated with all four of the parent-rated BRIEF
scales, ranging from r = .601, p=.0001 to r = .901, p = .0001. The same was
obtained with the Conners’ Teacher Rating Scales, with correlations ranging from
r =.457, p=.0001tor =.918, p = .0001.
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Table6 Results of a Commonality Analysis Using as a Criterion Variable ADHD Status.

1. Performance-Based 2. Parent 3. Teacher
Executive Function Rating Rating
Measure BRIEF BRIEF

Analysis#1: Inhibition

Unigue Variance .010 .284 144

Common1& 2 .004 .004

Common1& 3 .029 .029

Common2& 3 .248 .248

Commonl1& 2& 3 .071 .071 .071

Total Unique+Common Variance .106 .599 492
Analysis#2: Set-Shifting

Unigue Variance .029 132 164

Common1& 2 .027 .027

Common1é& 3 .015 .015

Common2& 3 .248 .248

Commonl1l&2& 3 .082 .082 .082

Total Unique+Common Variance 153 489 .509
Analysis #3: Working Memory

Unigue Variance .003 .220 .057

Common1& 2 .032 .032

Common1é& 3 .004 .004

Common2& 3 403 403

Commonl1l& 2& 3 71 171 71

Total Unique+Common Variance .210 .826 .635
Analysis#4: Planning

Unique Variance .014 .201 .049

Common1& 2 .023 .023

Common1& 3 .007 .007

Common2& 3 455 455

Commonl1lé&2& 3 .080 .080 .080

Total Unique+Common Variance 124 759 591

Note. Unique Variance = Explained variance in explaining ADHD status that is unique to that variable;
Common 1 & 2 = explained variance that is common to variables 1 and 2; Common 1 & 3 = explained variance
that is common to variables 1 and 3; Common 2 & 3 = explained variance that is common to variables 2 and 3;
Common 1 & 2 & 3 = explained variance that is common to al three variables.

DISCUSSION

Consistent with the idea that ADHD symptoms persist into adolescence, our sample
of adolescents with ADHD displayed lower performance on al of the performance-based
executive function measures in this study compared to controls. Effects were maintained
after controlling for gender and reading abilities, but some effects disappeared when
controlling for intellectual abilities. Our adolescents with ADHD also displayed clinically
significant scores on the BRIEF, as rated by parents and teachers. Severa significant
associations were obtained between performance on the executive function measures and
the BRIEF parent and teacher reports. Within these correlational analyses, there was little
differentiation between specific BRIEF scales and the performance-based measures of
executive function. When we examined associations between the executive function
measures, severa significant associations were obtained (three of a possible six), two of
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which were maintained after covarying intellectual abilities. In the logistic regression
analyses, each of the performance-based measures significantly predicted ADHD status,
however, when both performance and parent and teacher ratings were entered as predictors,
only the parent and teacher ratings emerged as predictors of ADHD status. Classification
accuracy of ADHD status was considerably better when the ratings were included in the
regression analysis. To further elucidate the overlap between the performance measures,
parent ratings, and teacher ratings, commonality analyses indicated that only a small
amount of unique variance was attributable to the performance measures in predicting
ADHD status, and that the bulk of unique variance was attributable to the parent and
teacher ratings on the BRIEF. In addition, there was little overlap in variance between the
performance measures and the parent and teacher ratings on the BRIEF.

The significant differences obtained between adol escents with ADHD and comparison
controls on the performance-based executive function measures is consistent with previous
findings (Martel et a., 2007), adding to a growing literature on the importance of consid-
ering different periods of development in ADHD, and the developmental course of ADHD,
in particular, the period of adolescence. Importantly, these differences were not attributable
to gender or reading ability, but some effects were eliminated when intellectual ability was
entered as a covariate.

This study also provides support for some convergence between neuropsychological
and behavioral ratings of executive functionsin ADHD, as evidenced by significant but
modest correlations between the performance measures, and parent and teacher ratings on
the BRIEF. Thisisin contrast to other studies, which have found no associations between
performance and ratings (Bodnar et al., 2007; Mahone, Cirino, et al., 2002). Mahone, Cir-
ino, et a. (2002) found no significant correlations with their selected executive function
tasks and the Index scores of the BRIEF but did report significant associations between
the BRIEF and other ADHD rating scales. In Anderson et al.’s (2002) study of the BRIEF
and children with brain disease, they found very few significant associations between the
Index scores and their chosen executive function measures. The same was true in a study
on children with brain injuries (Vriezen & Pigott, 2002). While the latter two studies used
different populations exhibiting executive dysfunction (non-ADHD), they also had
smaller sample sizes, which suggest their lack of associations may be partly attributable to
alack of statistical power. In addition, the specific measures chosen to represent the exec-
utive functions in all of these studies were different than the ones used here. Our study
included very well-defined groups, based on extensive screening and interviews, and also
utilized measures that have been shown to have strong effectsin ADHD, which may have
contributed to our ability to detect correlations between the performance and rating mea
sures. Further consideration of these issues and replication of findingswill be important to
better understand associations between the BRIEF and performance-based executive func-
tion measures. The current findings suggest that behavioral reports on executive functions
may capture components of performance-based measuresin ADHD.

While correlations between our performance-based measures and the parent and
teacher ratings were modest, the logistic regression analyses demonstrated that the parent
and teacher ratings were better predictors of ADHD status than the performance-based
measures. On the one hand, one could suggest that thisis not a surprise, as ADHD diagnosis
and the parent and teacher ratings were all based on behavioral observations, whereas the
performance-based measures were based on adolescent performance on measures requiring
accuracy and timed performance. A critical question, though, is the relative overlap
between the performance-based measures and the BRIEF ratings. The commonality analysis
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indicated that the performance-based measures contributed little unique variance and also
displayed little overlapping variance with the BRIEF ratings in predicting ADHD status.

Our correlations obtained between the parent report on the BRIEF with number of
inattention and hyperactive symptoms and Conners parent and teacher ratings is also
consistent with the literature. Specifically, symptoms of hyperactivity/impulsivity were
significantly associated with the Inhibit Index and that symptoms of inattention were
significantly associated with the Shift, Working Memory, and the Plan/Organize scales
(Gioia, Isguith, Kenworthy, & Barton, 2002; Gioia et a., 2000; McCandless & O'Laughlin,
2007; Riccio et al., 2006). Notably, there is some overlap in the diagnostic criteria of
ADHD and some of the BRIEF items. As deficits in high-level cognitive and executive
functions have been attributed to many clinica disorders, including autism, conduct
disorder, Tourette syndrome, and ADHD (Pennington & Ozonoff, 1996; Sergeant, Geurts, &
Oogterlaan, 2002), further research replicating and elaborating clinical profiles on mea
sures, such asthe BRIEF, will prove to be clinically very useful. Indeed, some research on
thisissue has indicated that children and adolescents with ADHD and children and adoles-
cents with other clinical conditions (including mood disorders, substance use disorders,
learning disorders, oppositional defiant disorders, and conduct disorders) had very similar
scores on the BRIEF, as rated by parents and teachers, but that the BRIEF was successful
in distinguishing clinical from nonclinical participants (Sullivan & Riccio, 2007). The
current study provides further support for the clinical utility of the BRIEF in the diagnosis
of ADHD, and some differentiation of subtypes based on BRIEF profiles. Thiswill be an
important area for continued future research.

One question of the current study was whether unique associations would be
obtained between the BRIEF scales and specific performance-based executive function
measures. Correlational analyses with the inhibition, working memory, planning, and the
set shifting performance-based measures showed several modest interrel ationships to each
other, some of which were maintained after intellectual ability was entered as a covariate.
The degree to which executive function tasks in the ADHD group appear to be related
with one another was consistent with the findings of other studies (Mahone, Hagelthorne,
et a., 2002; Stevens, Quittner, Zuckerman, & Moore, 2002). Significant intercorrelations
were also obtained between the BRIEF scales for both parent and teacher reports. These
findings raise the question of the separability of executive functions, in particular, with
respect to implications for clinical assessment.

In general, executive functions are thought to be separabl e processes (Pennington &
Ozonoff, 1996). Executive functions are regarded as a set of interrelated capacities, as
opposed to a unitary function: “the executive functions serve as an integrative directive
system exerting regulatory control over the basic, domain-specific neuropsychological
functions (e.g., language, visuospatial functions, memory, emotional experience, motor
skills) in the service of reaching an intended goal” (Gioia & Isquith, 2004, p. 139). This
idea has received some support based on afactor analytic study that has identified a multi-
dimensiona structure of the BRIEF (Gioia, Isquith, Retzlaff, & Espy, 2002). This is a
complex issue that has also been explored in large healthy samples of young adults using
performance-based measures and confirmatory factor analytic approaches. In one such
large-scale study, the separability of set shifting, working memory, and inhibition was
examined, and it was reported that performance on these measures was moderately correlated
but was al so shown to demonstrate separability in terms of differentially predicting perfor-
mance on complex executive tasks (Miyake, Friedman, Emerson, Witzki, & Howerter,
2000).
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In addition, executive functions change over the course of development. One study
reported modest associ ations between measures of working memory and shifting but iden-
tified that these different executive functions develop at different rates (Huizinga, Dolan,
& van der Molen, 2006). One possibility, that has some empirical support, is the idea that
working memory and response inhibition become increasingly differentiated over the
course of development, as evidenced by significant correlations between these measures
in six-year old children that were not evident in nine-year-old children (Tsujimoto,
Kuwajima, & Sawaguchi, 2007). The level of development of the sample being studied
may also be an important factor in understanding the separability of executive processes.
In particular, the younger the sample, the more difficult it may be to separate different
executive functions. This would not explain the current findings, as our sample included
adolescents, but the current study also examined a specia population including adoles-
cents with ADHD. What we know is that executive functions are typically impaired in
ADHD (Willcutt et al., 2005), but we do not fully understand the consequences of this,
such as how impairments in specific executive processes impact other executive functions.
For example, in our own work, we have found different patterns of associations between
adolescents with ADHD and controls on measures of time perception and working memory
(Toplak & Tannock, 2005), which we attributed to the idea that individuals with ADHD
may need to recruit different and/or additional resources to maintain temporal information.
This notion of recruiting compensatory systems may be one explanation for why differen-
tiating executive processes may be particularly difficult in ADHD. Overall, it remains an
empirical challenge to parse executive processes on performance-based measures, and
level of development and neuropsychological characteristics of special populations must
be taken into account when interpreting findings.

Notably, there were some limitationsin this study. The current results were based on
arelatively small number of BRIEF questionnaires from teachers (n = 37); indeed, these
findings should be replicated with further studies examining both parent and teacher
ratings of the BRIEF with adolescent samples. In addition, our control participants were
screened for any mental health conditions using a parent questionnaire, but administration
of the K-SADS-PL interview to parents would have been a better measure to rule out any
concerns. While our sample was collected in alarge urban city with highly variable demo-
graphics, data on socioeconomic status would have provided an indicator of the level of
resources of these families.

The results of the current study suggest that the scales of the BRIEF may indeed be
tapping aspects of executive processes in our sample of adolescents with ADHD. The
BRIEF parent and teacher ratings were clearly more potent predictors of ADHD status than
the performance-based measures. Both parent and teacher reports consistently predicted
ADHD status, suggesting important convergence among these informants with respect to
behaviors related to executive processes. It has been recommended that the BRIEF may
bebest used in a battery of process measures to examine convergence of performance
(Denckla, 2002). From aclinical perspective, the development of rating scales for executive
processes is both useful and exciting, but studies such as these provide important evidence
for understanding their role and relevance in clinical assessment. While this study did
demonstrate an association between the executive function performance-based and rating
measures in adolescents with ADHD, these results also indicate that rating scales themselves
are not a proxy for performance-based neuropsychological measures. There is no question
that the devel opment of ecologically valid measures of executive functions will importantly
supplement neuropsychological assessment (Salimpoor & Desrocher, 2006; Silver, 2000).
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