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Introduction

Attention Deficit-Hyperactivity Disorder (ADHD) is one of the most com-
mon neurobehavioral disorders among children. It is prevalent in clinical settings,
comprising about 50% of the child psychiatric population (Cantwell, 1996). Chil-
dren with ADHD are generally described as having ongoing problems in the
areas of inattention, impulsivity, and hyperactivity. Inattention may be described
in terms of span of apprehension, alertness, arousal, selective distractibility, or
sustained attention (Hale and Lewis, 1979). According to Douglas (1983), most
inattention problems in children are manifested in the area of sustained attention
or vigilance. Impulsive children are often described as responding quickly to
situations without waiting for complete instructions or information. Often they
make heedless or careless errors (Barkley, 1990). Hyperactivity refers to excessive
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or developmentally inappropriate levels of activity, which may be motor or visual
in nature.

The Diagnostic and Statistical Manual, Fourth Edition (DSM-IV) sets forth
criteria upon which diagnosis of ADHD is based. The DSM-IV defines two di-
mensions of behavior: inattention and hyperactivity-impulsivity. Three subtypes
of ADHD are derived from these criteria. Having a preponderance of inattentive
symptoms, but not hyperactive symptoms leads to diagnosis of ADHD-predomi-
nantly inattentive type. A preponderance of hyperactive symptoms without inat-
tentive symptoms leads to diagnosis of ADHD-predominantly hyperactive-
impulsive type. A preponderance of both types of symptoms leads to diagnosis
of ADHD-combined type (APA, 1994). Diagnosis of ADHD is often based upon
a combination of observation, interviews, and behavior rating scales completed
by parents, children, teachers, and other professionals. In addition, vigilance tasks,
either auditory or visual are often employed. In a vigilance test, the subject is
required to maintain attention to a single source of input over time. Throughout
the task, the subject identifies targets. For example, the Conners’ Continuous
Performance Test is a test of vigilance conducted in the visual mode. The subject
watches a series of letters presented on a screen and responds by pressing a
button either to a target letter, or a target series. In another situation, the subject
is required to respond to any letter except the target letter (Conners, 1992).

The use of vigilance tests as measures of inattention and impulsivity is
supported by research. Particularly useful are studies that either compare ADHD
children both with and without medication such as methylphenidate (Ritalin).
Many have indicated that children with ADHD made more errors of omission
and commission than non-ADHD controls. Also, methylphenidate reduces other
types of errors in ADHD children (Rapport, 1986; Sykes, 1973; Losier, 1996;
Keith, 1991).

There are two types of errors on a vigilance test. Errors of omission occur
when the subject fails to respond to a present target. Errors of commission occur
when the subject responds in the absence of a target. It has been suggested that
errors of omission are indicative of inattention and that errors of commission are
indicative of impulsivity or hyperactivity. While most agree that omission errors
indicate inattention, there are mixed opinions regarding commission errors. Some
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have suggested that commission errors are not necessarily indicative of hyperac-
tivity or impulsivity (Conners, 1992; Halperin, 1992; Halperin, 1988). Others
suggest that commission errors do indicate impulsivity (Corkum, 1993).

The Auditory Continuous Performance Test (ACPT) (Keith, 1994) was de-
veloped to identify auditory attention deficit disorders in children. The test con-
sists of a word identification task with monosyllable words presented to a child
via an audiocassetie. The child responds by raising his or her thumb when the
target word (dog) is heard. The test duration is 11 minutes, including one pres-
entation of the Trial Word List and the complete Test Word List. The resulting
measure is independent of the observer bias that may be present in human ob-
servers performing other assessments. This does not suggest that the ACPT take
the place of observation. Rather, the information from the ACPT can be used
conjointly with information gathered from other sources to support diagnosis
(Keith, 1994).

In a pilot validity study, it was found that the ACPT score was a predictor
of ADHD diagnosis 70% of the time (Keith, 1994). Keith and Engineer (1991)
examined the effects of methylphenidate on the auditory processing abilities of
children with ADHD. Children with ADHD were assessed using an auditory
vigilance test (a research version of the ACPT) both on and off the medication.
Results indicated children in the medicated condition made significantly fewer
errors of both omission and commission. A

Despite these findings, the clinical usefulness of the ACPT for differential
diagnosis has been questioned. Riccio (1996) compared the total error score
(omissions plus commissions) from the ACPT of children with Central Auditory
Processing Disorders (CAPD) and those of children with CAPD comorbid with
ADHD. The findings indicated that the total error score was limited in its use
for differential diagnosis of ADHD in conjunction with CAPD, as opposed to
CAPD alone. The authors suggested that further research is needed in order to
establish the degree to which the ACPT is able to predict the presence of ADHD.
In addition, it was suggested that future research is needed to investigate ACPT
performance differences in children with diagnoses of the three subtypes of
ADHD.
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This study investigated ACPT performance of children with two of the
three subtypes of ADHD: ADHD, predominantly inattentive type and ADHD,
combined type. Total error score as well as omission errors only and commission
errors only were considered. We hypothesized that errors of omission, which are
thought to indicate inattention, would be no more closely associated with a di-
agnosis of ADHD-predominantly inattentive type than with a diagnosis of
ADHD-combined type (since both diagnoses require a preponderance of inatten-
tive symptoms.

Secondly we hypothesized that errors of commission, which may indicate
impulsivity, would be more closely associated with a diagnosis of ADHD-com-
bined type than to a diagnosis of ADHD-predominantly inattentive type (since
diagnosis of combined type requires meeting the criteria for hyperactivity and
the diagnosis of inattentive type does not).

Finally, we hypothesized that total error score would also be more closely
associated with the combined type diagnosis than the inattentive type diagnosis.

In this study we also attempted to contribute to the validity research con-
cerning the ACPT. ACPT scores were examined and compared with scores ob-
tained on children who were normal and those with ADHD previously reported
by Keith (1994). Published ACPT age norms (Keith, 1994) were also be com-
pared to mean scores obtained in the present study.

Not central to the study, but of interest was the relationship between errors
of omission and commission on the ACPT and measures of attention and hyper-
activity.

Method

Data was analyzed on 45 children who had been previously tested by an
educational psychologist in private practice. The majority of children in this study
were caucasian and were from middle class traditional two-parent or blended
families. Subjects were from the St. Paul/Minneapolis metropolitan area. Referrals
for testing were made either by school staff of family physicians. No child in
this study was or had ever been on medication for the treatment of ADHD. All
children had received a diagnosis of ADHD as a result of the testing. Twenty-nine
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had a diagnosis of ADHD, combined type and 16 had a diagnosis of ADHD,
predominantly inattentive type. Of the 45 children, 14 were female (31.2%) and
31 were male (68.8%). The age of subjects ranged from 6 to 11 years with a
mean of 7.89 years. In compiling the data for this study, only cases of children
from 6-11 years of age were considered as that is the age range for which the
ACPT has normative data.

The test battery employed to assist in diagnosis included the ACPT and
some or all of the following: ADHD Rating Scale, DSM-IV criteria, Child Be-
havior Checklist, Conners’ Continuous Performance test, Conners’ Teacher Rat-
ing Scale, Conners’ Parent Rating Scale, and the Child Attention Profile.

Results

To examine the relationship between error scores and ADHD subtype, a
one way between groups analysis of variance was conducted. The ANOVA was
obtained using SSPS, version 7.5 pc software, as were all statistics. Subjects were
grouped by diagnosis. There were 29 children in the ADHD, combined group
and 16 children in the ADHD, inattentive group. Total error score was examined
as a function of group membership. There was no significant difference between
the two groups, F,(1,43)=1.351, ns (see Figure 1). The number of omission errors
was also examined as a function of group membership. Again, there was no
significant difference between the groups, F,(1,43)= .349, ns. There was also no
significant difference between the two groups with respect to number of com-
mission errors, F,(1,43)=2.16,ns (see Figure 1).

A Pearson’s Product Moment Correlation was calculated to examine the
relationship between subject age and ACPT total error score. A significant cor-
relation was observed, 1=.538,p<.03, indicating score improvement as a function
of age. Correlations were also observed between age and number of errors of
omission, [=.377,p<.05; and between age and errors of commission,
1=.554,p,<.05. Again, older children made fewer errors.

In the original Keith (1994) study, the ACPT was accurate in diagnosing
ADHD 70% of the time. For this sample, 86% of the children were accurately
diagnosed by the ACPT (they were above the criterion total error score for their
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ACPT Total Error Score by Subtype
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Figure 1. Comparison of the ACPT Total Error Score Between Two ADHD
Subtypes

ages). Of these 39 children, 25 had ADHD, combined type, and 14 had ADHD,
predominantly inattentive type. Of the 6 children that were not correctly identified
by the ACPT, 4 had a diagnosis of ADHD combined type and 2 had a diagnosis
of ADHD, predominantly inattentive type.

Mean scores for each age were compared with the means established by
Keith (1994) for ADHD children and non-ADHD controls. Comparison was ac-
complished using a one sample versus population t test. There were no significant
differences between ADHD children in the two studies at any age. For 6 year
olds, 1(d.£.7)=2.011, ns; for 7 year olds, £(d.f.12)=.919, ns; for 8 year olds,
1(d.f.8)=.442, ns; for 9 year olds, {(d.f.10)=1.747, ns, and for 10 year olds,
1(d.£.4)=1.902, ns.

There were significant differences between means reported here and those
reported in Keith’s (1994) non-ADHD control group. For 6 year olds, {(d.f.7)
5.648,p<.05, for 7 year olds, 1,(d.f.12)=4.697,p<.05; for 8 year olds,
£(d.£.8)=6.967,p<.05; for 9 year olds, £(d.f.10)=6.967; for 10 year olds,
£(d.£.4)=6.973,p<.05. There was only one 11-year-old subject in this study so no
comparisons were drawn for that age group. See Figure 2 for comparison of
means in the two studies. See Table 1 for all means and standard deviations from
both studies.

198



The Auditory Continuous Performance Test as part of an ADHD test baitery

Mean Total Error Score
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Figure 2. Comparison of Mean Total Error Score in the Present Study With
Those Reported by Keith (1994)

Age ADHD Mean  Standard Control Mean  Standard ADHD Mean  Standard
Keith (1994) Deviation Keith (1994) Dev. Present Study  Dev

6 48.8 30.9 204 16.3 64.5 22.08

7 372 23.2 16.2 10.5 42.31 20.03

8 36.4 24.9 12.8 9.1 38.00 10.85

9 21.2 13.5 6.9 6.3 32.81 22.06
10 18.5 13.6 6.5 7.3 23.00 5.29
11 153 18.5 68 4.7 - -

Table 1. Means and Standard Deviations from the Results Reported by Keith
(1994) and from the Present Study

Numbers of omission errors were compared with 3 measures of inattention
using the Pearson’s Product Moment Correlation. There was a significant rela-
tionship between number of omission errors on the ACPT and number of omis-
sion errors on the Conners’ Continuous Performance test, (=.319,p<.05. There
was no significant correlation between omission errors and the Attention Prob-
lems subscale of the Child Behavior Checklist, r=.116, ns. There was no signifi-
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cant relationship between omission errors and score on the Inattentive-Passive
subscale of the Conners’ Teacher Rating Scale, r=.216, ns. Number of errors of
commission were compared with 3 other measures in the test battery as well.
There was no significant relationship between commission errors on the ACPT
and commission errors on the Conners’ Continuous Performance Test, 1=.067,
ns. There was a significant correlation between commission errors and the Im-
pulsive-Hyperactive subscale of the Conners’ Parent Rating Scale, r=.319,p<.05.
There was no significant relationship between commission errors and the Hyper-
activity Index from the Conners’ Parent Rating Scale, [=.212, ns.

Discussion

Error scores on the ACPT were examined with respect to ADHD diagnosis.
Hypotheses were made based upon the idea that omission errors are indicative
of inattention and commission errors of hyperactivity or impulsivity. First, it was
hypothesized that children with ADHD, inattentive type would not differ signifi-
cantly from those with ADHD, combined type with respect to number of omis-
sions. In fact, the two groups did not differ significantly. Diagnosis of both
subtypes requires that the child meet the DSM-IV criteria for inattention. That
the number of omission errors did not differ between the two groups suggests
that omission errors may indicate inattention.

The second hypothesis was that children with ADHD, inattentive type and
ADHD, combined type would differ in their total error scores and numbers of
commission errors. This was not supported. The number of commission errors
did not vary between the subtypes. Logic would seem to say that children with
ADHD, combined type would make more commission errors since combined
type has the hyperactive-impulsive component. That they do not differ suggests
that number of commission errors cannot be considered as a measure of hyper-
activity. Halperin (1988) examined omission and commission errors on a visual
continuous performance task.

The task differed from the ACPT in mode of presentation and also in the
nature of the target. In the visual task used, the children had to respond to “A
followed by X”. They were not simply picking out the target word as with the
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ACPT. Since the tasks were different, direct comparison must be made with
caution, but it is noteworthy that Halperin concluded that commission errors are
not a homogeneous measure. Instead, they can be divided into error types, some
of which seem to measure impulsivity, but not all. Conners, in the test manual
for the Conners’ CPT, cautions that commission errors and omission errors may
reflect a mixture of different underlying processes. Therefore, it is misleading to
think of them as direct measures of impulsivity or inattention (Conners, 1991).

There is another factor that may have influenced the number of errors made
by the children in this study. That is, having one or more comorbid diagnoses
did not exclude children from this study. A majority of the subjects did, in fact,
have at least one other diagnosis in addition to ADHD. Research suggests that
hyperactivity is specific to ADHD, but inattention is not. In other words, inat-
tention may be a general symptom that is present in many disorders (Halperin
1992). If this is the case, then it seems reasonable to say that subjects, especially
those with ADHD comorbid with other diagnoses, had ACPT scores that were
more heavily influenced by their inattention than their hyperactivity.

Also, reaction time and vigilance decrement are other measures of continu-
ous performance tests and these were examined here. Future research may include
examining these measures across ADHD subtype. Also, in order to talk about
what measures or does not measure impulsivity or hyperactivity, it would be
helpful to include a group of children with ADHD, predominantly impulsive-hy-
peractive type.

One of the stated purposes of this study was to supplement the validity
research by Keith (1994). First, with regard to age, it was found that older children
made fewer errors. This is consistent with the earlier findings and it supports the
current method of raising the criterion score on the ACPT as a function of age.
Mean age scores were compared between the ADHD groups in the two studies.
The results of the current study are very consistent with the results of Keith’s
(1994) work. The means reported by Keith appear to be accurate and gener-
alizable.

Keith (1994) stated that the ACPT was accurate in diagnosing ADHD 70%
of the time. Riccio (1996) questioned the ability of the ACPT to assess the pres-
ence or absence of ADHD. In this study, 86% of the children were accurately
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diagnosed by the ACPT. The percentages reported in these two studies cannot
be directly compared due to design differences, however, the current findings
support the ACPT as an accurate predictor of ADHD. With regard to differential
diagnosis between ADHD and CAPD, more research is needed. It is true that
there are overlapping symptoms, however, the overlapping symptoms differ in
importance for diagnosis. For example, in a recent survey of audiologists and
pediatricians, inattention and distractibility were ranked as the number one and
number two symptoms for ADHD. They were ranked seven and six for impor-
tance in CAPD (Chermak, 1998). The ACPT, a measure of auditory attention,
would seem to be useful in distinguishing between CAPD and ADHD. Again,
more research is needed in this area.

Not central to this study was the relationship between ACPT omission and
commission errors with other measures in the test battery. In comparison with
the Conners’ CPT, there was a relationship between omission errors on the two
tests, but not commission errors. Auditory vigilance tasks have been found to be
more difficult than visual tasks for non-ADHD individuals (Baker, 1995) and for
hyperactive children (Sykes, 1973) which may contribute to the lack of relation-
ship between commission errors on the two tests. Direct comparison is difficult
because these are two different tests as opposed to being auditory and visual
forms of the same test. ‘

-In comparison with other measures, there was no significant relationship
between omission errors on the ACPT and with the Attention Problems subscale
of the CBCL or the Inattentive-Passive subscale of the Conners’ Teacher Rating
Scale. There was not a significant relationship between commission errors and
the Impulsive-Hyperactive score on the Conners’ Parent Rating Scale. This may
indicate that commission errors have more to do with impulsivity than with hy-
peractivity.

It should be noted that there were some weaknesses in this study. First,
many of the children in this sample had other diagnoses comorbid with ADHD.
Second, only two of the ADHD subtypes were examined due to lack of available
subjects with ADHD, predominantly hyperactive-impulsive type. Finally, there
were not equal numbers of subjects in each ADHD subtype group and the pre-
dominantly inattentive group was rather small. Future researchers should attempt
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to control for comorbidity. Attempts should also be made ta in clude e qual num-
bers of children with all three of the subtypes of ADHD.

In summary, the results of this study suggest that MMy be o of errors on the
ACPT (omission, commission and total errors) do not diffe, between the fwo
subtypes of ADHD considered here. Referring to an errog OF omission as an
inattention error is supported, but referring to an error of €O miryjgsion as an im-
pulsive error is not supported. Despite the fact that error type does not necess arily
predict the subtype of ADHD, the ACPT does seem to Predic the presence of
ADHD and may thus be considered a useful part of a test bate ery for ADHD.

Abstract

The Auditory Continuous Performance Test (ACPT) is Lesecd in the di agnosis
of Attention Deficit Hyperactivity Disorder. In this auditory vig ¢, Y2ce task, omission
errors and commission errors are tallied and combined into o T otal Error Score.
Some believe that errors of omission are indicative of inattens; oy, and commission
errors of hyperactivity or impulsivity. This study attempted t0 d ¢t rmine if errors of
omission and commission are measures of inattention and hype racegyy fimpulsivity,
respectively. Forty-five children with ADHD were given a test batte;y that included
the ACPT. Two of the three ADHD subtypes were representeq (AD HD, predomi.
nantly inattentive type and ADHD, combined type). Numbers of b, th types of errors
were examined, as was Total Error Score to detect if differences eXisted between the
two subtypes. Differences did not exist, suggesting that omissioy, » rrors are indica.

tive of inattention, but commission errors do not necessarily Suggest the presence
of hyperactivity or impulsivity. Finally, the initial validity rese gy, h done by Keith
(1994) was compared with results of this study and was SUppOrteq

Key-words: attention deficit, hyperactivity, auditory Pe"cept;‘(m,

Resumo

O Teste ACPT (Auditory Continuous Performance Test) ¢ Yilizado no dia
néstico de distiirbio de atengdo e hiperatividade (Attention Defici; Hyperactivify
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Disorder). Nesta tarefa de vigildncia auditiva, os erros de omissdo e comissdo sGo
reunidos em uma tabela geral de erros. Alguns acreditam que 0s erros de omissdo
sao indicativos de falta de atengdo, e 0s €rros de comissdo indicativos de hiperati-
vidade ou impulsividade. Este estudo procurou determinar se 0s erros de omissdo
¢ comissdo sdo medidas de falta de atengdo e hiperatividade/impulsividade, respec-
tivamente. Quarenta e cinco criangas com ADHD passaram por uma bateria de
testes incluindo o ACPT. Dois dos trés subtipos de ADHD foram encontrados
(ADHD, predominantemente falta de atengdo, e ADHD, tipo combinado). O niimero
do dois tipos de erros foi examinado, assim como a tabela geral de erros para
detectar se existiam diferengas entre 0s dois subtipos. Néo existiram diferengas,
sugerindo que os erros de omissdo sdo indicativos de falta de atengdo, porém os
erros de comissdo ndo indicam necessariamente a presenga de hiperatividade ou
impulsividade. Finalmente, a pesquisa inicial de validade feita por Keith (1994) foi
confirmada quando comparada com 0s resultados deste estudo.

-~

Palavras-chave: deficit de atengdo, hiperatividade, percepgdo auditiva.
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