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Abstract This study evaluated the validity and classifica-
tion utility of the Conners’ Continuous Performance Test
(CCPT) in the assessment of inattentive and hyperactive-
impulsive behaviors in children. Significant, positive corre-
lations between the CCPT parameters and behavioral rat-
ings of ADHD behaviors were hypothesized. In addition,
it was hypothesized that the CCPT parameters would per-
form better than a random test (chance) and show fair to
moderate utility of classification across the different indices.
Participants were 104 children between 6 and 12 years of
age who were referred for evaluation of attention problems.
The first hypothesis was not supported. There were no sig-
nificant, positive correlations between the CCPT parameters
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and parent and teacher ratings of inattentive and hyperactive-
impulsive behaviors. The second hypothesis was only par-
tially supported. The CCPT Overall Index and the Omission
Errors (84th percentile cutoff) performed better than a ran-
dom test; however, the utility of the CCPT Overall Index only
ranged from poor to slight. Receiver operating characteristic
analyses showed the accuracy of the CCPT to be low. The
implications and limitations of this study and future research
directions are discussed.

Keywords CPT - ADHD - Conner’s continuous
performance task - Assessment - Children

Children with symptoms of Attention-Deficit/Hyperactivity
Disorder (ADHD) are among the most common childhood
mental health referrals. Using current clinical diagnostic cri-
teria (DSM-1V), prevalence rates in the United States ranged
from 7.4% to 9.9% (Barkley, 2006). Developing standards
of practice recommend that a variety of methods and infor-
mants be considered in the assessment of ADHD, including
clinical interviews (parent and child), parent and teacher
rating scales, and a physical exam (American Academy of
Child and Adolescent Psychiatry, 1991; American Board of
Pediatrics, 2000). The subjective nature of many of these
methods makes them vulnerable to clinician and informant
biases. As a result, there has been interest in identifying
or creating objective laboratory measures, such as continu-
ous performance tests, structured behavioral observation sys-
tems, the stop signal task, or the go-no go task, that could en-
hance current assessment measures (Nichols & Waschbusch,
2004; Rapport, Chung, Shore, Denney, & Isaacs, 2000).
The continuous performance test (CPT) is one of the
most popular objective measures of ADHD behaviors used
in research and marketed for clinical use (Ballard, 1996;
Corkum & Siegel, 1993; Epstein, Conners, Sitarenios, &
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Erhardt, 1998; McGee, Clark, & Symons, 2000; Nichols &
Waschbusch, 2004). The CPT is a vigilance task that requires
the participant to remain attentive to changing stimuli typi-
cally presented on a computer screen and to respond by press-
ing a key when specific stimuli appear. CPTs are thought to
be cognitively demanding and sensitive to the detection of
symptoms of ADHD (Ballard, 1996); however, whether or
not the CPT has utility as an ADHD diagnostic instrument
has yet to be resolved (Barkley, 1991; Halperin, Sharma,
Greenblatt, & Schwartz, 1991; Halperin, Wolf, Greenblatt, &
Young, 1991; Losier, McGrath, & Klein, 1996; McGee et al.,
2000; Trommer, Hoeppner, Lorber, & Armstrong, 1988).

A contributing factor in the uncertainty of the CPT as
a diagnostic instrument is the uncertainty about what pro-
cesses the CPT measures and how these processes relate to
ADHD (Barkley, 1991; Corkum & Siegel, 1993; Halperin,
Sharma et al., 1991; Halperin, Wolf et al., 1991; McGee
et al., 2000; Rapport et al., 2000). Some research has shown
that children with ADHD have impaired performance on the
CPT compared to children without ADHD (Epstein, Erkanli,
Conners, Klaric, Costello, & Angold, 2003; Halperin,
Matter, Bedi, Sharma, & Newcorn, 1992; Losier, et al., 1996;
O’Dougherty, Nuechterlein, & Drew, 1984). Other research
has shown either weak (DuPaul, Anastopoulus, Shelton,
Guevremont, & Metevia, 1992) or no performance differ-
ences (Aylward, Verhulst, & Bell, 1990; Corkum & Siegel,
1993, McGee et al., 2000). The CPT has failed to reliably
discriminate between children with ADHD and children who
have other psychiatric or physical disorders (Halperin et al.,
1992; Klee & Garfinkel, 1983; Koelega, 1995; Rovet &
Hepworth, 2001; Shapiro & Garfinkel, 1986; Zahn, Kruesi,
& Rapoport, 1991). One study (O’Brien, Halperin, Newcorn,
Sharma, Wolf, & Morganstein, 1992) was able to find differ-
ences in CPT performance between children with Conduct
Disorder (CD) and children with ADHD or children with
combined ADHD and CD.

The changing ADHD criteria between DSM-III-R and
DSM-1V, as well as the differing means of assessing ADHD
status makes it difficult to compare results across studies.
For example, in studies that used DSM-IV ADHD criteria,
one study classified subjects clinically, with no specifica-
tion of any methods or algorithm used (Schatz, Ballantyne,
& Trauner, 2001). Another study classified subjects based
on a structured diagnostic interview of parents alone (Ep-
stein et al., 2003). A third study classified subjects based
on diagnosis by a clinical multidisciplinary team, scores
above 1.5 standard deviations on parent and teacher rating
scales measuring ADHD behaviors, and blind review by a
clinical psychologist (McGee et al., 2000). None of these
studies subtyped ADHD for their primary analyses. These
differing criteria for identifying ADHD can result in dis-
similar samples, making comparisons across study results
difficult.
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Another difficulty in comparing results across studies is
the differing versions of the CPT. The differing parameters of
the CPT include the type of stimuli presented (e.g., numbers,
letters, symbols, auditory), proportion of target (requires a
response) to non-target stimuli presented, duration the stim-
ulus is presented, interval between stimuli, and duration of
the task. Three versions of the CPT that have been marketed
for clinical use include the Gordon Diagnostic System Vig-
ilance Task (GDS; Gordon, 1986), the Test of Variables of
Attention (TOVA; Dupuy & Greenberg, 1993), and the Con-
ners’ Continuous Performance Test (CCPT; Conners, 1994).
The GDS follows the “rare target” (Nichols & Waschbusch,
2004) paradigm set forth by Rosvold, Mirsky, Sarason,
Bransome, and Beck (1956) and contains 10% targets and
90% non-targets. In this paradigm, the participants must at-
tend to the changing stimuli and respond infrequently when
the target stimuli appear. The CCPT uses a “response inhibi-
tion” paradigm which includes 90% target stimuli and 10%
non-target stimuli while changing the interstimulus interval
in a counter-balanced manner across blocks of time. In this
paradigm, the subject is frequently responding and must in-
hibit a response when presented with the non-target stimuli.
The TOVA utilizes both paradigms by presenting 22.5% tar-
gets and 77.5% non-targets in the first half of the test and
then switching to 77.5% targets and 22.5% non-targets in the
last half of the test (Dupuy & Greenberg, 1993).

There are some conceptual differences between these two
paradigms. The rare target paradigm is thought to assess sus-
tained attention, whereas, the response inhibition paradigm
is thought to assess behavioral inhibition. Tests based on this
later paradigm, like the CCPT, are thought to hold promise in
the assessment of ADHD as they are consistent with a current
theory which sees a delay in behavioral inhibition as being
the primary deficit in ADHD (Barkley, 1997). Such differ-
ences in the CPT parameters may be important as the research
and clinical literature suggests that the current subtypes of
ADHD represent heterogeneous groups and perhaps distinct
disorders. For example, within the Predominantly Inatten-
tive Type, Barkley (2006) suggests that a subset of these
children (30% to 50%) have a cluster of symptoms (e.g., hy-
poactivity, slow cognitive processing speed, passivity, day-
dreaming) called sluggish cognitive tempo, while another
subset may have a mild version of ADHD Combined Type
with subthreshold hyperactive-impulsive symptoms. Barkley
suggests that additional research may reveal these subsets to
be two distinct disorders. It is possible that different objec-
tive measures, as well as different CPT paradigms, will be
needed to assess the different aspects of ADHD.

The utility of the GDS, TOVA, and CCPT for diagnosing
children with ADHD has yet to be satisfactorily demon-
strated. The GDS has not consistently been found to be sen-
sitive to ADHD diagnosis. Some studies have found differ-
ences between children with ADHD and children without
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ADHD (Aylward et al., 1990) while others have failed to
find differences (DuPaul et al., 1992; Trommer et al., 1988).
Most of the studies reviewed above assessed differences
between groups. Such studies are less informative to clinical
practice, which is primarily concerned with issues of diag-
nostic accuracy for individual patients. The TOVA has had
more consistent results in identifying patients with ADHD;
however, it has been found to lack specificity, misidenti-
fying as many as 35% of those without ADHD (Forbes,
1998; Schatz et al., 2001). Research using the CCPT found
that it correctly identified children and adults with ADHD
(sensitivity) only 52% and 55% of the time, respectively
(Epstein et al. 1998; McGee et al., 2000). However, several
of the CCPT performance measures have been found to have
significant relationships to ADHD symptomology (Epstein
et al., 2003).

This study seeks to examine the validity and utility of
the CCPT in the assessment of children with symptoms
of ADHD. This study examines the CCPT using a rela-
tively large sample size (N = 104). In addition, previous
research and reviews have identified the use of commu-
nity (non-clinically referred) controls as potentially inflating
differences between those with ADHD and those without
(Corkum & Siegel, 1993; McGee et al., 2000). This study
uses a sample of children clinically referred for ADHD eval-
uation. Furthermore, this study included both the inattentive
and hyperactive-impulsive subtypes in the primary analyses.

The first purpose of this study was to determine the va-
lidity of the CCPT relative to other methods of assessing
ADHD symptoms in children. Specifically, the associations
between the CCPT Overall Index, Omissions, and Commis-
sions and standardized parent and teacher behavioral ratings
were examined. It was hypothesized that there would be sig-
nificant, positive correlations between the CCPT parameters
and parent and teacher ratings of inattentive and hyperactive-
impulsive behaviors. The second purpose of this study was
to examine the utility of the CCPT in correctly classify-
ing children with and without problems with inattention and
hyperactive-impulsive behaviors. This was done by looking
at several indices used to assess the utility of measures, in-
cluding predictive power, efficiency, and receiver operating
characteristics. It was hypothesized that the CCPT parame-
ters would perform better than a random test (chance) and
show fair to moderate utility of classification across the dif-
ferent indices.

Methods
Participants

Participants were 104 children between 6 and 12 years of
age (Mean age: 8.77, SD: 1.98) who were recruited from

consecutive referrals to an outpatient developmental center
at Arkansas Children’s Hospital (pediatrics department). A
breakdown of payment source for patients seen at this cen-
ter includes Medicaid (57.6%), commercial insurance (42%)
and uninsured (0.4%). Participants were 78 males (75 %) and
26 females (25 %). Race of participants included 85 White
(81.7 %), 16 Black (15.4 %), 2 Hispanic (1.9 %), and 1 Amer-
ican Indian (1.0 %). Ninety five (91.3%) of the participants
had no history of ADHD medications, four had a previous
history of ADHD medication use, and five were currently
taking medications. None of the participants were on med-
ications for ADHD on the day of the evaluation. Teacher
ratings were not available for four of the participants. The
major cognitive and behavioral characteristics of the sample
are listed in Table 1. There were no differences across di-
agnostic categories, using a structured diagnostic interview,
on the cognitive measures. There were significant differences
across the diagnostic categories on parent and teacher ratings
of externalizing and attention problems behaviors, and par-
ent ratings of internalizing behaviors, with the Hyperactive-
Impulsive/Combined Type of ADHD having consistently
higher scores. As an indicator of possible comorbidities in
the sample, Table 2 shows the frequency of participants who
met the diagnostic symptom count criteria for the various
disorders based on a parent diagnostic checklist. Sixty-five
percent of the total sample screened positive for one or more
other psychiatric disorders based on a parent checklist, with
40%, 51.6% and 83.7% of the No ADHD, Inattentive Type,
and Hyperactive-Impulsive/Combined Type screening posi-
tive for at least one additional psychiatric disorder, respec-
tively.

Measures
Cognitive measures

Cognitive measures were used to describe the sample and as a
covariate in the correlational analyses. Each participant was
administered the Kaufman Brief Intelligence Test (KBIT;
Kaufman & Kaufman, 1990). The KBIT is a brief, individ-
ually administered measure of verbal and nonverbal intel-
ligence. The split-half reliabilities are .92 and .85, respec-
tively. Correlation of the KBIT IQ Composite with the Full
Scale IQ from the Wechsler Intelligence Scale for Children-
Revised is .80. Academic achievement was assessed using
the Wide Range Achievement Test-3 (WRAT-3; Wilkinson,
1993). Subscales include reading recognition, spelling, and
arithmetic. The reliabilities for the three subtests range from
.92 to .95. The developer provides item statistics showing
that items range in difficulty to support content validity
and hypotheses and evidence to support construct validity.
An independent study found a positive, significant relation-
ship between the WISC-IIT and WRAT-3 scores in a sample
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Table 1 Mean (SD) subject characteristics by ADHD classification based on the Diagnostic Interview Schedule for Children-Parent
Version
Hyperactive-impulsive

Total sample No ADHD Inattentive type & combined type
Characteristic (N = 104) (n =21) ADHD (n = 33) ADHD (n = 50) F
K-BIT IQ composite” 97.07 (13.36)  97.71 (14.66)  97.91 (15.34) 96.24 (11.51) 0.18
WRAT-III reading achievement” 93.47 (15.88)  93.57 (17.75)  94.09 (13.76) 93.02 (16.66) 0.04
WRAT-III spelling achievement” 92.64 (13.65) 92.76 (14.81) 94.48 (13.41) 91.38 (13.45) 0.51
WRAT-III math achievement” 87.62 (14.96)  88.33 (14.11)  88.55(13.26) 86.72 (16.51) 0.17
CBCL internalizing® 60.06 (9.94) 57.05 (9.26) 58.10 (8.26) 62.54 (10.69) 3.26"
CBCL externalizing” 62.24 (11.21)  55.57 (9.90) 56.81 (9.11) 68.40 (9.59) 20.68™*
CBCL attention problems” 69.77 (9.72) 64.62 (11.21)  68.32(8.17) 72.84 (8.95) 6.40*
TRF internalizing” 54.56 (8.98) 52.95(10.00)  52.48 (9.27) 56.80 (7.91) 2.69
TRF externalizing” 57.67 (10.19)  53.50 (8.22) 52.00 (8.72) 63.69 (8.67) 20.52**
TRF attention problems” 65.38 (9.14) 60.40 (6.28) 63.36 (9.03) 69.07 (8.92) 8.58*

“Standard Scores.
bToscores.
*p < .05.
*p < .0l

of school-age special education students (Vance & Fuller,
1995).

Measurement of child behavior

The ADHD portion of the Computerized-Diagnostic Inter-
view Schedule for Children-4.0 (C-DISC; Columbia Univer-
sity DISC Development Group, 2000) was used as a method
of classification based on DSM-IV (American Psychiatric
Association, 1994) ADHD criteria. The parent version of
the C-DISC is a structured diagnostic interview for children
between 6 and 17 years of age. This program follows an
algorithm in which the informant is systematically asked a
series of closed-ended questions related to specific problem
areas, such as the presence and duration of specific psychi-
atric symptoms. Test-retest reliability for the parent version

ADHD scale is .79. Criterion validity of the DISC version
2.3 has been reported, with kappa’s for ADHD at .72 for the
parent version.

The Conners’ ADHD/DSM-IV Scales (CADS; Conners,
1997) were used to assess the level of children’s ADHD
behaviors. The CADS is a 28 item self-report measure that
is keyed to DSM-IV ADHD symptoms. The CADS refer-
ence group consists of a national sample of 2426 and 1897
(parent and teacher, respectively) children from 3—17 years
of age. The Inattentive and Hyperactive-Impulsive subscales
were used in this study. Internal consistency of the sub-
scales was reported to range from .82 to .99. No validity
data has been reported on the CADS; however, the Inatten-
tive and Hyperactive-Impulsive subscales of the CADS are
composed of the DSM-IV symptoms for ADHD. Several
similar scales have been developed with some evidence for

Table 2  Frequency (%) of
participants that met screening

Hyperactive-impulsive

cutoff for specific disorders on ) Total sample  No ADHD Inattentive type & combined type
the Child Symptom Inventory-4: Categories (N = 104) (n =21) ADHD (n = 33) ADHD (n = 50)
Parent Checklist
Specific phobia 41 (39.4%) 7 (33.3%) 10 (30.3%) 24 (48%)
Oppositional defiant disorder 37 (35.6%) 4 (19.0%) 3(9.1%) 30 (60%)
Conduct disorder 27 (26.0%) 2 (9.5%) 0 (0.0%) 25 (50%)
Obsessions 25 (24.0%) 4 (19.0%) 7 (21.2%) 14 (28%)
Compulsions 12 (11.5%) 4 (19.0%) 3(9.1%) 5 (10%)
Generalized anxiety disorder 10 (9.6%) 3(14.3%) 4 (12.1%) 3 (3%)
Separation anxiety 8 (7.7%) 1 (4.8%) 2 (6.1%) 5 (10%)
Asperger’s disorder 5 (4.8%) 0 (0.0%) 0 (0.0%) 5 (10%)
Dysthymia 3(2.9%) 0 (0.0%) 0 (0.0%) 3 (6%)
Autism 2 (1.9%) 0 (0.0%) 0 (0.0%) 2 (4%)
Social phobia 2 (1.9%) 2 (9.5%) 0 (0.0%) 0 (0%)
Schizophrenia 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0%)
Major depressive disorder 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0%)
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predictive, convergent, and discriminant validity reported
(Pelham, Fabiano, & Massetti, 2005).

In order to further describe the sample, the Child Behavior
Checklist (CBCL; Achenbach, 1991a) and Teacher Report
Form (TRF; Achenbach, 1991b) were administered to the
parents and teachers. Internal consistency of the empirically-
based subscales was reported to range from .72 to .97, and
test-retest reliabilities ranged from .60 to .95. The manuals
contain extensive validity data, including data supporting
strong concurrent and discriminant validity (Furlong, 1998).

As a screening for possible psychiatric comorbidities
in the sample, the parents were administered the Child
Symptom Inventory-4: Parent Checklist (Gadow & Sprafkin,
1997). This checklist assesses the presence and frequency
of specific DSM-IV psychiatric symptoms. This checklist
yields a screening cutoff score for each diagnostic category.

Conners’ continuous performance test (CCPT)

The CCPT is a computerized continuous performance task.
The standard version of the CCPT consists of 360 trials
in which a single letter appears on a computer screen for
approximately 250 ms. The subject is instructed to press the
space bar for each letter except the letter X. The percentage
of trials in which a letter other than X appears is 90%. The
task is approximately 14 minutes in duration. Conners (1994)
reported a mean false positive rate of 10.8% and a mean false
negative rate of 11.8% using the original reference sample. A
cross-validation for 617 year olds reported a false positive
rate of 13.5% and a false negative rate of 26.1%.

The association between parent and teacher ratings of inat-
tentive behaviors was .245 (p = .014) and the association
between parent and teacher ratings of hyperactive-impulsive
behaviors was .490 (p < .001). Table 3 shows the categorical
agreement (efficiency; True Positive Rate & True Negative
Rate) between the different measures. In general, there was
higher agreement between hyperactive-impulsive measures
than inattentive measures, higher agreement between parent
ratings and the parent diagnostic interview (C-DISC) than
teacher ratings and the C-DISC, and higher agreement be-

Table3 Agreement (efficiency; true positive rate & true negative
rate) between measures

T-score cutoff

N 63 65 67

Inattentive
CADS parent and teacher 100 .64 .65 .60
C-DISC & CADS parent 54 .61 .61 .69
C-DISC & CADS yeacher 53 57 .53 53

Hyperactive-impulsive
CADS parent and teacher 100 .60 .63 .67
C-DISC & CADS parent 71 .87 .90 .90
C-DISC & CADS teacher 67 .62 .61 .64

tween most measures with higher T-score cutoffs than lower
cutoffs.

Procedures

All patients who were within the 6 to 12 year age range
and were being evaluated for a suspected attention prob-
lem were approached for recruitment into the study. Though
the majority of patients consented to participate, a minority
of patients did not. No data was collected on the patients
that were not consented, consequently, differences between
participants and non-participants could not be assessed. Par-
ticipants were consecutively recruited and informed consent
was obtained during their clinical evaluation at a develop-
mental center. As a routine part of the clinic appointment, all
participants were mailed behavioral rating scales to be com-
pleted by a parent and teacher and brought with them to their
appointment. The parent forms were completed by a care-
giver, in most cases the mother, but in some cases the father
or guardian. All other measures used in this study were not
routinely part of the clinic appointment and were adminis-
tered specifically for this study by trained research assistants
(primarily undergraduate students) and supervised by a li-
censed clinical psychologist. The research assistants used
standardized administration procedures as detailed in the re-
spective manuals. The parent was administered the ADHD
portion of the C-DISC while the child was administered the
cognitive measures and the CCPT. All testing was done in
private clinic rooms.

Statistical analyses

Pearson correlations were computed to assess the relation-
ship between the CCPT Overall Index, Omissions, and
Commissions scores and the Inattentive and Hyperactive-
Impulsive subscales from the parent and teacher CADS.
The CCPT Overall Index and Omissions scores were signifi-
cantly and negatively correlated with IQ (rs (104) = —.238
& —.279, p <.015, respectively). The Omissions score
was significantly and negatively correlated with age (r
(104) = —.346, p <.001). Therefore, age and 1Q were
partialed out where appropriate. The guidelines for assess-
ing the magnitude of association proposed by Cohen (1988)
were used: .1 = small, .3 = medium, and .5 = large.
Several parameters were used to describe the utility of
the CCPT, including positive (PPP) and negative predictive
power (NPP), quality of efficiency («), and receiver operator
characteristics. In this study, PPP refers to the proportion of
participants who test positive on a CCPT parameter (Overall
Index, Omissions, Commissions) who have a problem with
inattentive or hyperactive-impulsive behaviors based on the
classification approaches described below. Conversely, NPP
refers to the proportion of participants who test negative on a
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CCPT parameter who do not have a problem with inattentive
or hyperactive-impulsive behaviors. Sensitivity and speci-
ficity are parameters which are frequently used to judge a
measure’s ability to predict classification within a population
with or without a specific condition, respectively. However,
PPP and NPP are more intuitive parameters for diagnostic
situations than are sensitivity and specificity because in a
diagnostic situation the presence or absence of a condition is
not known. However, interpretation of PPP and NPP is not
straightforward. Assessment of the magnitude of the predic-
tive values depends on their position relative to their range of
values. The effective range of PPP is from P (prevalence of
a positive identification in the sample) to 1, while the range
for NPP is from P’ to 1. In order to facilitate interpretation
of the predictive values, PPP and NPP were recalibrated,
taking into account their range, to yield corrected scores that
range from O (random test) to 1 (perfect test; cPPP and cNPP,
respectively; see Kraemer, 1992 for formulas). In addition,
confidence intervals (95%) were calculated to assess the ac-
curacy of the estimated predictive values given the sample
sizes. If the lower bound of the interval falls below zero,
this indicates that the observed predictive value is not signif-
icantly above zero at the 5% significance level.

Two parameters were used to evaluate the accuracy
of the CCPT in classifying problems with inattentive or
hyperactive-impulsive behaviors. A kappa coefficient (k)
was used as an index of the quality of the CCPT’s efficiency.
Efficiency is defined as the probability that classification
based on the CCPT and classification based on other mea-
sures of inattentive or hyperactive-impulsive behaviors agree
(True Positive Rate 4+ True Negative Rate; Kraemer, 1992).
Like PPP and NPP, efficiency is an uncalibrated measure that
is dependent on both the prevalence (P) and level of the test
(Q). Kappa recalibrates efficiency to facilitate interpretation,
yielding a parameter ranging from O, indicating no agree-
ment, to 1, indicating total agreement. In addition, given
the concern about the accuracy of the kappa estimate given
the sample sizes, a statistical jackknife estimation procedure
(Kraemer, 1992) was used to obtain a confidence interval that
indicates the margin of error. If the lower bound of the inter-
val falls below zero, this indicates that the observed kappa is
not significantly above zero at the 5% significance level. The
following benchmarks proposed by Landis and Koch (1977)
were used to interpret cPPP, cNPP, and «: O = poor; 0 to
.2 = slight; .21 to .40 = fair; .41 to .60 = moderate; .61
to .80 = substantial and .81 to 1 = near perfect.

The receiver operating characteristics curve (ROC) was
also used to assess the classification accuracy of the CCPT.
ROC analysis yields an index of area under the curve (AUC).
In this case, the AUC statistic represents the probability that a
randomly chosen subject that has been classified as having a
problem with inattentive or hyperactive-impulsive behaviors
will score higher on the CCPT parameter than a randomly
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chosen subject that does not have a problem. The AUC pa-
rameter varies from .50 (no better than chance prediction)
to 1.00 (perfect rate of prediction). An advantage of ROC
analysis and the AUC parameter is that it is not dependent
on prevalence or on the cutoff score.

Classification criteria

Many of the analyses described above require that each case
be categorized into a 2 x 2 contingency table. Several fac-
tors present a challenge for such categorization, including
the continuous variables of the CCPT, dimensional nature
of ADHD symptoms, overlapping symptoms in the current
subtyping of ADHD (i.e., inattention), and use of multiple
methods and informants. These factors require the establish-
ment of cutoffs and algorithms for integrating results from
different methods and settings.

A score of 9 or above on the CCPT Overall Index was
used to positively classify participants as having a problem
with inattentive or hyperactive-impulsive behaviors, as sug-
gested by the manual. For the Omissions and Commissions
indices, cutoffs of the 84th and 90th percentiles were used,
similar to the CCPT interpretative guidelines. For the anal-
ysis of the CADS data, T scores were used to adjust for age
and gender variations. Establishment of cutoffs is somewhat
arbitrary and where the cutoff is set will affect identification
rates. Epidemiological studies have used cutoff scores rang-
ing from 1 to 2 standard deviations to represent a child’s be-
havior as “developmentally inappropriate.” Barkley (2006)
discussed this issue, citing data and concerns that a 1.5 stan-
dard deviation above the mean criterion may over identify
school-aged children as hyperactive and a 2 standard devia-
tion above the mean cutoff may under identify. He advocates
for a cutoff “somewhat below” 2 standard deviations. In this
study, cutoffs of 1.3, 1.5, and 1.7 were used.

This study used two approaches for identifying problems
with inattentive and hyperactive-impulsive behaviors. The
first approach employed a structured diagnostic interview
(C-DISC) with the parent. The C-DISC is keyed to DSM-IV
criteria, the diagnostic system used by most clinicians and
researchers. DSM-IV criteria are considered the “most rig-
orous and most empirically derived criteria ever available”
(Barkley, 2006, p. 84). DSM-IV based structured diagnostic
interviews tend to have higher reliability than less struc-
tured methods, though they may not add much incremen-
tal validity over parent and teacher rating scales (Pelham
et al., 2005). Using this approach, participants were clas-
sified as having a problem with inattentive or hyperactive-
impulsive behaviors if they had a positive “diagnosis” on the
C-DISC. Subgroups included No ADHD (n = 21), Inatten-
tive Type (n = 33), Hyperactive-Impulsive Type (n = 2)
and Combined Type (n = 48). Given the low number in
the Hyperactive-Impulsive Type, they were not analyzed



J Abnorm Child Psychol (2007) 35:393-404

399

separately. The use of a structured diagnostic interview by
itself to identify ADHD is limited by its reliance on a single
method and informant and is strictly a categorical approach,
as opposed to normative or dimensional. However, a parent
interview is a reasonable comparison for the CCPT as it is
a method that is recommended by all existing standards of
practice (American Academy of Child and Adolescent Psy-
chiatry, 1991; American Board of Pediatrics, 2000; Barkley,
2006).

A second approach to classification utilized both cat-
egorical and dimensional measures (Jensen & Watanabe,
1999) and multiple informants. In this multiple criteria ap-
proach, participants were classified as having a problem
with inattentive or hyperactive-impulsive behaviors based
on a positive classification of ADHD on the C-DISC and
scores at or above a cutoff on the relevant subscales of the
parent and teacher rating scales (CADS; e.g., above cut-
off on the CADS Hyperactive-Impulsive subscales for the
C-DISC Hyperactive-Impulsive Type). Criteria for the Com-
bined subgroup included a positive C-DISC Combined Type
and scores above the cutoffs on either the Inattentive or
Hyperactive-Impulsive subscales on both parent and teacher
CADS. Subgroups included Inattentive (n = 12-15, depend-
ing on cutoff), Hyperactive-Impulsive (n = 1), Combined
(n = 32-36), and None (n = 21). All other cases (n = 27—
34) were considered subthreshold cases (e.g., participants
with a positive classification of ADHD on the C-DISC and
parent or teacher ratings below the cutoff).

In order to replicate a clinical situation, all cases were
included in all the analyses. The CCPT was evaluated
against classification groups based on symptoms types.
Groups included All Subtypes (inattentive, hyperactive-
impulsive, combined), Inattentive/Combined, Hyperactive-
Impulsive/Combined, and Inattentive Only. Positive cases
for each group were based on the criteria described above.
Negative cases included those that did not meet criteria for
a subgroup, those that met criteria for a subgroup different
than was being examined (e.g., hyperactive-impulsive when
inattentive subgroup was being analyzed), and subthreshold
cases. Since inattentive symptoms are shared across the Inat-
tentive and Combined subtypes, analyses are presented using
the Inattentive subgroup only and combining the Inattentive
and Combined subgroups.

Results

Concordance between the CCPT and parent
and teacher ratings

There were no significant correlations between the CCPT
Overall Index score and parent and teacher ratings of inatten-
tive and hyperactive-impulsive behaviors with 1Q partialled

out (partial s ranged from .043 to .096). The magnitude of
the associations can be considered small. Statistical power
ranged from .10 to .24. With the study sample size, a correla-
tion of .248 (small to medium size) would be needed to detect
a difference between the null and alternative hypotheses at
the .05 level with .80 power. There were no significant cor-
relations between the CCPT Omissions score and parent and
teacher ratings of inattentive and hyperactive-impulsive be-
haviors with IQ and age partialled out (partial s ranged from
.090 to .194). There were no significant correlations between
the CCPT Commissions score and parent ratings of inatten-
tive and hyperactive-impulsive behaviors (rs = —.100 and
— .114, respectively). There were significant negative corre-
lations (unexpected) between the CCPT Commissions score
and teacher ratings of inattentive and hyperactive-impulsive
behaviors (rs (100) = —.204 & —.274, ps = .042 and
.006, respectively).

Accuracy and classification utility

Table 4 shows the parameters used to describe the classi-
fication utility and accuracy of the CCPT Overall Index.
Most participants (58.7% to 61.0%; 1-Q) performed well or
“passed” the CCPT (using the recommended Overall Index
cutoff of 9). The notable differences between the predic-
tive values (PPP, NPP) and their recalibrated values (cPPP,
cNPP) is a function of the differing prevalence rates (P),
which varied from 12.0% to 79.8% depending on the criteria
used to classify participants. This adjustment allows for a
more straightforward interpretation by yielding a range from
0 (random test) to 1 (perfect test).

The quality of efficiency of the CCPT Overall Index
ranged from poor to slight. The CCPT Overall Index was
not reliably better than a random test in correctly classify-
ing children in the Inattentive Only classification group. The
CCPT Overall Index showed slight quality of efficiency in
the other classification groups, ranging from .088 to .199.
The positive predictive power of the CCPT Overall Index
ranged from poor to fair. The cPPP was fair for the All Sub-
types DISC Only, All Subtypes Multiple Criteria (67 cut-
off), and Inattentive/Combined DISC Only classifications.
It showed no reliable positive predictive power in identify-
ing children with inattention only. The CCPT Overall Index
showed slight positive predictive power in the other groups,
ranging from .116 to .194. The cNPP of the CCPT Over-
all Index was fair for the Hyperactive-Impulsive/Combined
classification (65 CADS cutoff). The CCPT Overall Index
showed no reliable negative predictive power in identifying
children in the Inattention Only group. The negative predic-
tive power was slight for all the other classification groups,
ranging from .053 to .205.

Although the results were similar across classifica-
tion groups, in general, the quality of efficiency (x) and
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Table 4 Parameters to describe the accuracy and classification utility of the CCPT overall index (9.0 cutoff)

Classification N P¢ Q"  PPP° NPP? cPPP* (CT) cNPPs (CI) K" (CI) AUC
All subtypes
DISC only 104 798 413 .860 .246 309 (£.089)  .055 (£.044)  .094 (.072 — .118) .644*
Multiple criteria 67 CADS cutoff/ 100 .440 .390 .564 .639 222 (£.081)  .180 (£.075)  .199 (.177 — .225) .605
Multiple criteria 65 CADS cutoff 100 470 .390 .564 .590 178 (£.075) 128 (£.065)  .149 (.126 — .174) .580
Multiple criteria 63 CADS cutoff 100 .500 .390 .564 541 128 (£.066) 082 (£.059)  .100 (.078 — .125) .563
Inattentive/combined
DISC only 104 779 413 837 .262 264 (£.085)  .053 (£.043)  .088 (.067 — .112) .637*
Multiple criteria 67 CADS cutoff 100 370 .390 .487 .705 186 (£.076) 202 (£.079) 194 (.170 — .221) .601
Multiple criteria 65 CADS cutoff 100 400 .390 .487 .656 145 (£.069) 139 (£.068)  .142 (.118 — .168) 574
Multiple criteria 63 CADS cutoff 100 420 .390 .487 .623 116 (£.063) 102 (£.059)  .109 (.085 — .134) 554
Hyperactive-impulsive/combined
DISC only 104 481 413 .581 .590 194 (£.076) 148 (£.068)  .168 (.147 — .192) 592
Multiple criteria 67 CADS cutoff 100 .320 .390 436 .754 170 (£.074) 232 (£.083)  .196 (.171 — .224) .593
Multiple criteria 65 CADS cutotf 100 .330 .390 436 .738 158 (£.071) 205 (£.079)  .179 (.153 — .206) .576
Multiple criteria 63 CADS cutoff! 100 350 .390 .436 .705 132 (£.066) 157 (£.071)  .144 (.118 — .170) 571
Inattentive only
DISC only 104 317 413 279 .656 —.056 —.085 —.068 501
Multiple criteria 67 CADS cutoff” 100 .120 .390 .128 .885 .009 (£.019)  .044 (£.040) .015(—.022 —.049) .552
Multiple criteria 65 CADS cutoff 100 .140 .390 .128 852 —.014 —.054 —.022 (—.059 — .011) .525
Multiple criteria 63 CADS cutoff 100 150 .390 .128 836 —.026 —.093 —.040 497

*Significantly better than chance (p < .05).
P = Prevalence of a positive identification of problems.
?Q = Level of the test (Base rate of participants with a CCPT Overall Index score at or above the cutoff).

‘PPP = Positive Predictive Power: proportion of participants who test positive for ADHD symptoms on the CCPT Overall Index who were
classified as having a problem.

INPP = Negative Predictive Power: proportion of participants who test negative for ADHD symptoms on the CCPT Overall Index who were
classified as having no problem.

¢cPPP = PPP recalibrated to correct for prevalence, yields score that ranges from O (random test) to 1 (perfect test).

195% confidence interval.

$cNPP: NPP recalibrated to correct for prevalence; yields score that ranges from O (random test) to 1 (perfect test).

¢ = Kappa statistic; Quality (recalibration) of efficiency. Efficiency is defined as the probability that classification based on the CCPT and

classification based on other measures of ADHD behaviors agree (True Positive Rate 4+ True Negative Rate; 0 = no agreement other than
that which would be expected by chance; 1.00 = total agreement).

'AUC = Area under the ROC curve: Index of identification accuracy (.50 = no better than chance prediction; 1.00 = perfect rate of
prediction).

/Tdentified group = positive DISC any subtype & positive parent and teacher CADS; Non-identified group = negative DISC or subthreshold
cases.

kSubthreshold and hyperactive-impulsive cases included in non-identified group.

!Subthreshold and inattentive only cases included in non-identified group.

"Subthreshold and hyperactive-impulsive/combined cases included in non-identified group.

quality of the negative predictive power (c(NPP) was higher
for the multiple criteria classifications than the C-DISC
alone. In addition, the quality of efficiency was higher for the
higher CADS cutoff scores in the multiple criteria groups.
There was higher quality of the positive predictive power
(cPPP) when the C-DISC alone was used for classification
than the multiple criteria.

Based on the ROC analyses, the CCPT Overall Index was
able to correctly classify participants with and without prob-
lems with inattentive and hyperactive-impulsive behaviors
significantly better than chance for only two of the 16 clas-
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sifications. The CCPT predicted identification status for the
All Subtype DISC Only and for the Inattentive/Combined
DISC Only classifications significantly better than chance
(AUC = .644, .637, respectively). The power in the various
non-significant samples ranged from 0% to 68%. The small-
est effect size that could be detected at 80% power given the
sample sizes in was .623.

Analyses using the Omission Errors as the CCPT param-
eter for identification yielded slight to fair quality of effi-
ciency. The Omission score with the 84th percentile cutoff
showed improved quality of efficiency over the Overall Index



J Abnorm Child Psychol (2007) 35:393-404

401

when the C-DISC was used for classification. The Commis-
sion scores and the Omission (90th percentile cutoff) scores
showed poor to slight quality of efficiency across all the
classification approaches (see Table 5).

Discussion

The first hypothesis that there would be a significant, pos-
itive correlation between the CCPT parameters and parent
and teacher ratings of inattentive and hyperactive-impulsive
behaviors was not supported. A previous study using the
CCPT with children also found no significant associations
between the Overall Index and parent and teacher ratings
(Mcgee et al., 2000). Previous studies examining the associ-
ation between CPT indices and behavior ratings have been
inconsistent. Some have found positive correlations (e.g.,
Klee & Garfinkel, 1983), while others have found no sig-
nificant correlations (e.g., DuPaul et al., 1992). Reasons for
such inconsistent findings could be related to sampling and
methodological variations, as well as a possible poor cor-
respondence between rated behaviors and constructs mea-
sured by the CPT. It is not unusual for laboratory measures
to have weak or no correlations with behavioral measures
of inattention and hyperactivity-impulsivity (Barkley, 1991).
In addition, McGee and colleagues (2000) suggest that such
negative findings in clinical samples may be the result of the
restriction of range inherent in parent and teacher ratings;
most clinic-referred children, regardless of diagnoses, have
high ratings on such measures.

The second hypothesis that the CCPT parameters would
perform better than a random test (chance) and show fair to
moderate utility of classification across the different CCPT
indices was only partially supported. For the most part, the
CCPT Opverall Index and the Omission Errors (84th per-
centile cutoff) did perform better than a random test. How-
ever, the utility of the CCPT Overall Index as measured
by the quality of efficiency («x) only ranged from poor to
slight, depending on the classification group. The accuracy
in identifying cases of inattentive and hyperactive-impulsive
problems (cPPP) was fair for three of the 16 classification
groups. The accuracy in identifying cases without inatten-
tive and hyperactive-impulsive problems (cNPP) was fair
for one of the 16 classification groups. No clear pattern
emerged based on classification groups, with the excep-
tion of consistently poor accuracy (x) in correctly iden-
tifying problems with and without inattention only. The
accuracy of the CCPT as assessed by the AUC statis-
tic can be considered low, as indicated by a range from
.50 to .64. Overall, the results of this study suggest that
the CCPT has limited utility in the assessment of inatten-
tive and hyperactive-impulsive behaviors in clinic referred
children.

There are several possible explanations for the generally
low utility of the CCPT found in the present study. This
study primarily used the Overall Index for analysis of the
diagnostic utility of the CCPT. The developer advocates the
use of this parameter and it is likely the one used by clini-
cians to interpret the CCPT results for diagnostic purposes.
The CCPT manual recommends that a score of 9 or above
on the index can be used to suggest an attentional problem.
The CCPT narrative report uses a trichotomous classification
system where scores of less than 8 are indicative of no prob-
lem, scores between 8 and 11 are considered unclear cases,
and scores greater than 11 offered the strongest evidence of
an attentional problem. Additional research can explore the
issue of optimal cutoff for the CCPT Overall Index and the
other CCPT scores.

Another possible reason for the findings differing from
the a priori predictions may be the issue of what the CCPT is
measuring. As reviewed in the introduction, the CPT appears
to be a multidimensional measure that is sensitive to a variety
of disorders. For example, in a recent study using the CCPT
(McGee et al., 2000), the Overall Index was associated with
a measure of phonological skills and was unable to discrim-
inate between groups of children with ADHD and reading
disorders. The authors speculated that the CCPT’s use of
both letters as stimuli and continuous responding confounds
phonological skills with inhibition.

The heterogeneous nature of clinic referred samples may
affect the precision of the CCPT in identifying ADHD. Psy-
chiatric comorbidities tend to be higher in clinic referred
samples than community based samples (Szatmari, Offord,
& Boyle, 1989; Pfiffner et al., 1999; Wilens et al., 2002),
with as many as 80% of samples of school-aged children
with ADHD having at least one other disorder. The rates of
possible comorbidities based on a parent checklist in this
sample found a similar result (65% for the total sample;
83.7% for the Hyperactive-Impulsive/Combined subtype).
The small sample size and lack of thorough measurement of
comorbidities in the present study precluded further explo-
ration of the construct validity of the CCPT and examination
of the diagnostic performance of the CCPT in subgroups of
participants with ADHD. In addition, the small sample size
precluded subgroup analyses based on gender, an important
and current area of research in ADHD. Future studies will
need to address the issues of what constructs the CCPT may
be measuring, and how different subgroups of children with
ADHD perform on the CCPT.

The findings do provide some limited support for the no-
tion that measures like the CCPT that use the response inhi-
bition paradigm may be best when behavioral inhibition is
an issue. Classification groups which included participants
with hyperactive-impulsive problems were more accurate
than groups with inattention only. Other tests may be more
appropriate for use with the inattentive subtypes of ADHD.
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Table S Parameters to describe the accuracy and identification utility of the CCPT omission and commission errors

Measures N P* Q" PPP° NPPY cPPP*(CF) cNPP!(CI)  «" (95% CI) AUC

Percentile score of 84 as cutoff for CCPT
Omission errors

DISC only all subtypes 104 798 .625 .846 .282 238 (£.082)  .100 (£.058)  .141 (.111 —.171)  .593

Multiple criteria all subtypes/ 100 440 .610 .492 .641 093 (£.057)  .184 (£.076)  .123 (.102 —.148) .564

DISC only inattentive/combined 104 779 .625 .831 .308 235 (£.081) 111 (£.069)  .151(.112—.180) .594

Multiple criteria inattentive/combined 100 .370 .610 .410 .692 .063 (£.048) .168 (£.073)  .092 (.071 — .116)  .552

DISC only hyperactive-impulsive/ 104 481 .625 .569 .667 170 (£.072) 307 (£.089)  .219(.199 — .244)  .611
combined

Multiple criteria 100 .320 .610 .393 .795 108 (£.061) 359 (£.094) .166 (.146 — .191)  .603

hyperactive-impulsive/combined’
Commission errors

DISC only all subtypes 104 798 260 .741 .182 —.284 —.025 —.046 454

Multiple criteria all subtypes 100 440 .260 423 554 —.030 —.014 —.019 491

DISC only inattentive/combined 104 779 260 .741 208 —.172 —.017 —.031 471

Multiple criteria inattentive/combined 100 .370 .260 .308 .608 —.099 —.059 —.074 465

DISC only hyperactive-impulsive/ 104 481 .260 .481 .519 .001 (£.007)  .001 (£.004)  .001 (—.099 — .014) .500
combined

Multiple criteria hyperactive-impulsive/ 100 .320 .260 .308 .676 —.018 —.014 —.016 493
combined

Percentile score of 90 as cutoff for CCPT
Omission errors

DISC only all subtypes 104 798 462 .833 .232 175 (£.073)  .038 (£.037)  .062 (.039 —.088)  .550

Multiple criteria all subtypes 100 440 .450 422 545 —.032 —.033 —.032 484

DISC only inattentive/combined 104 779 462 813 .250 152 (£.069)  .037 (£.036)  .060 (.037 —.085)  .545

Multiple criteria inattentive/combined 100 370 450 .333 .600 —.058 —.081 —.068 465

DISC only hyperactive-impulsive/ 104 481 462 .500 .536 .037 (£.036)  .034 (£.035) .036 (.014 —.058)  .518
combined

Multiple criteria hyperactive-impulsive/ 100 .320 450 311 .673 —.013 —.023 —.017 491
combined

Commission errors

DISC only all subtypes 104 798 .144 733 191 —-.321 —.014 —.026 471

Multiple criteria all subtypes 100 440 .140 429 558 —.020 —.004 —.007 497

DISC only inattentive/combined 104 779 .144 733 213 —.206 —.010 —.019 481

Multiple criteria inattentive/combined 100 370 .140 .357 .628 —.020 —.006 —.009 496

DISC only 104 481 .144 533 528 101 (£.058)  .018 (£.026)  .031 (.003 —.059) 515

hyperactive-impulsive/combined
Multiple criteria 100 .320 .140 .286 .674 —.050 —.017 —.026 489

hyperactive-impulsive/combined

“P = Prevalence of a positive identification of problems.
b0 = Level of the test (Base rate of participants with a CCPT Overall Index score at or above the cutoff).

‘PPP = Positive Predictive Power: proportion of participants who test positive for ADHD symptoms on the CCPT Overall Index who were
classified as having a problem.

INPP = Negative Predictive Power: proportion of participants who test negative for ADHD symptoms on the CCPT Overall Index who were
classified as having no problem.

¢cPPP = PPP recalibrated to correct for prevalence, yields score that ranges from 0 (random test) to 1 (perfect test).
7 95% confidence interval.
8cNPP: NPP recalibrated to correct for prevalence; yields score that ranges from O (random test) to 1 (perfect test).

hi = Kappa statistic; Quality (recalibration) of efficiency. Efficiency is defined as the probability that classification based on the CCPT and

classification based on other measures of ADHD behaviors agree (True Positive Rate 4+ True Negative Rate; 0 = no agreement other than that
which would be expected by chance; 1.00 = total agreement).

{AUC = Area under the ROC curve: Index of identification accuracy (.50 = no better than chance prediction; 1.00 = perfect rate of prediction).

/1dentified group = positive DISC any subtype & positive parent and teacher CADS; Non-identified group = negative DISC or subthreshold
cases.

kSubthreshold and hyperactive-impulsive cases included in non-identified group.

!Subthreshold and inattentive only cases included in non-identified group.
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These findings also suggest differences between subtypes of
ADHD, which is important given the current debate about
whether the inattentive subtype is a qualitatively distinct
disorder from the hyperactive-impulsive and combined sub-
types.

This study has several limitations which should be consid-
ered and can inform future research. The generalizability of
this study is limited by the approaches used to classify prob-
lems with inattentive and hyperactive-impulsive behaviors.
A positive parent diagnostic interview by itself is insuffi-
cient for diagnosing ADHD, according to current standards
of practice. The addition of parent and teacher behavioral
ratings provided more conservative criteria for classification
and, in most cases, improved accuracy over the interview
alone; however, current diagnostic standards and decision-
making for ADHD require consideration of additional as-
sessment methods and criteria, such as the assessment of
functional impairment and consideration of comorbidities
and exclusions. There are several factors which present a
challenge for establishing criteria for classification, even
with the current standards. These include the dimensional
nature of ADHD symptoms, different subtypes of ADHD,
and multiple methods and informants. These factors require
the establishment of cutoffs and a method of integrating re-
sults from different methods and settings. How these are han-
dled will affect identification rates and the ability to compare
results across studies. The results of this study suggest that
more conservative criteria will result in improved accuracy
for the CCPT. Future studies should examine the correspon-
dence between the CCPT and different algorithms for an
ADHD gold standard that align with the current standards.
Lastly, given the differing parameters and versions of the
CPT, this study cannot be easily generalized to the other ver-
sions of the CPT that are marketed and in use. Additional
studies can compare the diagnostic precision of the different
CPTs.

An objective measure of the core symptoms of ADHD
with sufficient validity and accuracy would be a welcome ad-
dition to ADHD assessment armamentarium. Since children
with ADHD are a heterogeneous group, different objective
tests will need to be matched with the different subtypes.
This study found the CCPT to be more accurate in identify-
ing problems with hyperactive-impulsive behaviors, which
is consistent with current thinking that these behaviors are
the result of an underlying problem with behavioral inhibi-
tion (Barkley, 1997). However, the accuracy of the CCPT
with this subgroup was found to be fair to slight at best. Ad-
ditional research needs to clarify the underlying constructs
that the different objective tests measure, as well as estab-
lish their accuracy in identifying the different subtypes of
ADHD. Until that time, obtaining information from infor-
mants who know the child well via reliable methods remains
the standard and clinicians should be cautious in how CCPT

results are integrated into these other standard evaluation
methods.
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