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Two continuous performance tests were administered to

normal adult subjects. The mode of presentation (visual or

auditory) and the type of task (vigilance or

distractibility) were varied, and their effects on

performance measured. Data were collected on eighty-two

subjects, and results indicated that auditory presentation

of stimuli increased the difficulty of both tasks. Results

also suggest that the distractibility task administered in

either mode was more difficult than the vigilance task.

Intercorrelations among the four continuous performance

tasks are provided. Normative data are presented on all

four tasks administered. A measure of symptoms of

attention-deficit disorder in adults, the Adult Behavior

Checklist, was found to correlate significantly with another

measure of pathology, the SCL-90-R.
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INTRODUCTION

Attentional dysfunction is commonly seen in psychiatric

disorders such as schizophrenia and attention deficit

hyperactivity disorder. Problems with both distractibility

and sustained attention can be found in these groups.

Depressed individuals, as well as patients who have

sustained head injuries, also may experience a decrease in

their ability to attend.

Continuous performance tests (CPT) are typically used

in researching attention, as the CPT provides a measure of

vigilance and distractibility, and has been shown to

differentiate such groups as hyperactive children and

schizophrenics from normal controls (Douglas, 1972;

Kornetsky & Mirsky, 1966). Although the CPT is used

extensively to research patient groups, it has rarely been

used with normal adult subjects. The result of neglecting

the nonpatient adult population is a lack of normative data,

and therefore, limited usefulness to the clinician.

Additionally, the effects of variations on the task itself,

such as visual and auditory modes of presentation, have not

been considered.

The nature of the present investigation is threefold.

The main objective is a) to compare the visual and auditory

modes of presentation in normal adult subjects, b) yield

1
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normative data on adults for the Gordon Diagnostic System

(Gordon, 1986) and c) provide preliminary norms for the

Comprehensive Auditory Visual Attention Assessment System

(Becker, 1990).

Description of Systems

The continuous performance test (CPT) requires an

individual to focus and sustain attention to stimuli, to

respond when a prespecified target stimulus is presented,

and to refrain from responding to irrelevant stimuli. There

are many variations of the continuous performance task.

Rosvold, Mirsky, Sarason, Bransome, and Beck (1956)

originally developed the CPT for use with brain damaged

patients.

There are pencil and paper versions of the CPT which

are usually called cancellation or checking tasks. These

require a visual search for prespecified symbols. They are

longer, more complex, and more similar to actual academic

work than the more popular computerized versions (Barkley,

1991).

The newer versions of the CPT are computerized.

Numbers, letters, or pictures flash on a screen, and the

subject typically presses a button to respond to the target

stimulus. One of the more widely used CPTs is the Gordon

Diagnostic System (GDS) (Gordon, 1986). Others include the

Continuous Performance Test - Identical Pairs (CPT-IP)

version used by Cornblatt (1988, 1989). Variations exist
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which can be programmed by researchers for a particular

study. Some CPTs adjust the rate of presentation according

to the subject's ability, and others keep the stimulus

presentation constant. Because of the diversity, both in

the type of apparatus used, and characteristics of the

sample studied, normative data are not easily available for

clinicians or researchers.

Subtests

The two most frequently used types of continuous

performance tasks are those measuring vigilance and

distractibility. During a vigilance task, stimuli are

presented at regular intervals for a predetermined time

period. The task lasts for several minutes and provides a

measure of the individual's ability to sustain attention and

inhibit responding to non-target stimuli. The

distractibility task provides extraneous stimuli to the

subject while the original vigilance task is being

performed. In the visual CPT, for example, although stimuli

continue to be presented in the middle of the screen,

distracting stimuli are randomly and, at times,

simultaneously presented to the left and right of the target

stimulus.

Measurements Derived from the CPT

Types of errors. Several measurements may be derived

from an individual's performance on the CPT. Because these

tasks require the ability to focus and sustain attention
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throughout the duration of the task, if attention wavers,

errors of omission may occur. An error of omission occurs

when the individual fails to respond to the target stimulus.

The CPT also requires the individual to inhibit the

urge to respond to a non-target stimulus. An impulsive

response style will produce errors of commission, in which a

response is made in the absence of the target stimulus. A

common CPT paradigm is called the AX paradigm in which A is

the alerting, or warning stimulus, and X is the target

stimulus. If the subject responds to an alerting stimulus

which is not followed by the target stimulus, an error of

commission results. Likewise, a response to the target

stimulus in the absence of the alerting stimulus will

produce a commission error. Responses to extraneous

stimuli, where presentation of neither the A nor the X has

occurred, are considered random errors.

Another measure derived from the CPT is the latency, or

reaction time, of the subject. Once the alerting and target

stimuli are presented, the subject must respond quickly

before presentation of the next stimulus.

Many systems provide analysis of the subject's

performance over time. Results from both the vigilance and

distractibility sections are broken down into blocks, or

equal fractions of the entire task. A nine minute task, for

example, may be broken down into three three-minute blocks.

Each block contains an identical number of target stimuli,
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and yields a breakdown of the number correct, as well as the

total number and types of errors made. This provides

information about whether the subject's performance, and

thus, his or her ability to sustain attention, changes over

time.

Research Uses of the CPT

Because of its ability to measure sustained attention,

distractibility, and impulsivity, the CPT is frequently used

to identify children who exhibit symptoms of Attention

Deficit Hyperactivity Disorder (ADHD). ADHD is

characterized by deficits in attention, poor impulse

control, and excessive motor activity (American Psychiatric

Association, 1987). Research has demonstrated the CPT's

ability to differentiate children with ADHD from controls

(Seidel & Joschko, 1991; Breen, 1989), and it has also been

found to be sensitive to the effects of methylphenidate, a

drug commonly prescribed for ADHD. (Klorman, et al. 1988;

Klorman, 1991; Kupietz & Balka, 1976; Michael, Klorman,

Salsman, Borgstedt & Dainer, 1981; Rapport, et al. 1987).

Follow-up studies of children with ADHD show that as

many as 60 to 80% continue to have symptoms of this disorder

into adulthood (Hetchman, 1991; Wiener, 1989; Weiss, 1985).

These individuals continue to exhibit symptoms of

hyperactivity, inattention, and impulsivity. In adulthood,

the overt hyperactivity abates and is experienced as

feelings of restlessness or fidgeting. Many also display
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impulsivity, which can lead to continuing social problems

such as drug or alcohol abuse. In addition, most such

adults had a lifelong pattern of underachievement. (Amado &

Lustman, 1982; Klee, Garfinkel & Beauchesne, 1986; Weiss,

1985). Although the residual diagnosis of ADD has been

questioned, Buchsbaum (1985), in studying college students,

did in fact find evidence for residual attention deficits

without overt hyperactivity in a small portion of his

sample.

No standard assessment protocol, however, exists for

diagnosing adults with ADHD. With the attentional

difficulties which often persist into adulthood, the CPT

could be useful to clinicians in diagnosing the residual

form of this disorder. At present, however, adequate

normative data on adults are not available. An excellent

candidate for use with ADD adults is the Gordon Diagnostic

System (GDS; Gordon, 1986). Gordon (1983) developed a

small, computerized version of the CPT specifically to

assess sustained attention and impulse control in ADHD

children. The GDS has been successful in discriminating

children with ADHD from controls, and also provides

comparable subtests for use with adult populations (Gordon,

1986). Therefore, the GDS may possess the ability to detect

residual attention problems in adults as well.

Another research use of the CPT has been in the area of

schizophrenia. Individuals with schizophrenia consistently
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demonstrate attentional dysfunction (Earle-Boyer, Serper,

Davidson & Harvey, 1991; Harvey, Keefe, Moskowitz, Putnam,

Mohs & Davis, 1990; Kornetsky & Mirsky, 1965). The CPT has

also been found to be sensitive to the effects of medication

in individuals with schizophrenia (Earle-Boyer, et al.,

1991). By using a CPT to study remitted schizophrenia,

Wohlberg & Kornetsky (1973) confirmed that the attentional

deficits were a core characteristic of the individual with

schizophrenia, rather than just a symptom of the illness.

Research on schizophrenia has recently placed more emphasis

on genetic markers of vulnerability to the disorder, and

therefore assesses attentional capabilities in non-affected

relatives of schizophrenics. This recent shift in emphasis

is another reason to attempt to provide data about normal

variation in performance when using the CPT with adults.

Issues in Adult CPT Use

Normative data on the GDS. The GDS provides normative

data on over 1,000 children, ranging in age from 3 to 16

years (Barkley, 1987), and has been used extensively with

children who are diagnosed hyperactive. Similar adult

vigilance and distractibility tasks are provided on the GDS;

however, the adult tasks are considered experimental, and

only limited norms are provided. Supplemental normative

data, however, were provided by Saykin (1990) on a limited

number of young adult and elderly control subjects.

Saykin's preliminary norms for the experimental tasks
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indicate that in normal adults, the individual's peak

attentional capacity is in young adulthood as data indicate

a decline in the scores of elderly subjects studied. The

GDS norms indicate that the ability to sustain attention

increases with age, from early childhood to age 16.

Similarly, distractibility decreases with age (Gordon,

1986). Gordon's data also indicate that performance on the

vigilance task is superior at all ages to performance on the

distractibility task. In one of the few studies of

attention in normal families, Cornblatt, et al (1988) also

found a developmental effect in the ability to sustain

attention. Based upon this information, it would be

reasonable to estimate the performance of a young adult to

be comparable to or even slightly above that of the 16-year

olds. This developmental progression of attentional

abilities into adulthood, however, is difficult to establish

from Gordon's original normative data for two reasons. The

first is that the adult vigilance and distractibility

subtests of the GDS are shorter than the comparable

children's tests, lasting for six instead of nine minutes.

The different lengths of the two tasks, as well as the

discrepancy in possible number of correct responses make

direct comparison difficult. Because the possible number

correct is equal to 30 on the experimental adult version,

and 45 on the standard version, it would seem possible to

use a percentage correct score to make comparisons, and thus
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estimate a normal range of performance for adults. Due to

the discrepant lengths of the two tasks however, a decline

which may have occurred in the last three minutes of the

nine minute task, would not be present on the six minute

adult version. Another possibility would be to compare data

from the first two blocks of the standard nine minute tasks

(which would include scores from only the first six minutes)

to the aggregate of three blocks from the adult version.

Gordon (1986), however, does not provide a breakdown of

block scores, but rather groups data into "normal,"

"borderline," and "abnormal" ranges of scores.

Therefore, because it is not possible to accurately

estimate adult performance on the GDS, the first objective

of the present study is to supplement the limited normative

data for young adult subjects. Preliminary norms reflect a

ceiling effect for the six minute task as the majority of

adult subjects were able to correctly identify all 30

targets. Because of this finding, adult subjects in the

present study will be given the original nine minute tasks

in an attempt to reduce ceiling effects.

one obvious benefit of having these norms available for

clinicians would be the previously mentioned implications in

the assessment of residual ADHD.

Method of Presentation

Another way of classifying the continuous performance

task is by the sensory modality in which stimuli are



10

presented. Most CPTs are presented visually; however,

recent developments incorporate both visual and auditory

tasks into one system.

Comparisons of auditory and visual modes of

presentation have been primarily limited to research with

subjects diagnosed as schizophrenic; but again, these

comparisons have not been made in normal subjects. With a

few exceptions, however, it seems reasonable to assume that

the ability to attend to visual versus auditory stimuli

should be similar in normal subjects.

The first exception would be that the subject either

has schizophrenia or is an unaffected relative possessing a

genetic marker of vulnerability to this disorder; namely,

signs of attentional dysfunction. Mussgay and Hertwig

(1990) studied sustained attention in individuals with

schizophrenia using visual, auditory, and audio-visual modes

of presentation and found that schizophrenics not only

performed more poorly than controls in all conditions, but

were especially impaired in the auditory and audio-visual

modes of presentation. This may be related to the auditory

types of symptomatology found in schizophrenia, but absent

in controls. A visually presented CPT administered at slow

pace in a dimly lit room to examine vigilance produced only

slight differences between schizophrenics and controls

(Wagner, et al., 1989). Wagner (1989) attributes this

finding both to the stimulus modality and the ceiling effect
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of the task. A study comparing the performance of

schizophrenic and depressed subjects on the CPT found that

both groups were alike in extent of distractibility, and

distractibility was concluded to be a correlate of acute

psychiatric illness and not specific for schizophrenia

(Cornblatt, et al., 1989). Therefore, the mode of

presentation does affect performance in individuals with

schizophrenia who demonstrate increased impairment in the

auditory mode.

In one of the few studies done which examined attention

in normal families, Cornblatt, et al. (1988) found spatial

and verbal attention to be independent, and to some degree

inherited. She also found a major developmental effect in

the capacity to sustain attention to spatial versus verbal

stimuli, and suggested that spatial skills are most

developed during childhood and adolescence, while verbal

attentional skills tend to peak in adulthood. In this study;

however, numbers are defined as verbal, while shapes are

defined as spatial. Both the "verbal" and "spatial" tasks

in Cornblatt's study were presented visually. Because of

this, it is impossible to determine if any differences

existed in normal subjects between visual and auditory

sustained attention.

Another exception would be in the case of brain

pathology. Given the wide distribution of attentional

processes in the brain, disturbances in either neural
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activity or structures may result in difficulties with

attention. In a factor analytic study of attentional

measures, Mirsky (1987) attempts to subdivide attention into

four separate components: 1) focus, execute, 2) sustain, 3)

encode, and 4) shift. CPT omissions, commissions and

response time all loaded onto his second factor, sustained

attention. In linking these components to neuroanatomical

locations, he specifies that a continuous performance task

deficit is associated with brain stem pathophysiological

processes. Much attentional research has been done by

investigators searching for biological components of ADHD.

Some have suggested frontal lobe impairment (Boucugnani &

Jones, 1989; Lou, Henriksen & Bruhn, 1984), striatal

dysfunction (Lou, Henriksen, Bruhn, Borner & Nielson, 1989),

neurotransmitter abnormalities (Shaywitz, Cohen & Bowers,

1977), and decreased glucose metabolism (Zametkin, et al.,

1990) to name a few.

Obviously, disturbances of the auditory system which

cause difficulty either hearing, processing, or applying

meaning to the stimulus will cause a deficit in performance

on a CPT presented auditorily. Similarly, disturbances of

the visual system which cause impairment of sight,

processing, or comprehension of the stimulus will impair

performance on the visually presented task. In an

individual with neurological dysfunction, it is probably

more likely that a general impairment in sustained attention
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would result rather than specific deficits in either

auditory or visual processing. However, because of the

uncertainty of the effects, individuals with a history of

neurological problems or brain injury will be considered an

exception.

Therefore, based upon available research, in the

absence of acute psychiatric illness or brain pathology in

an adult, the ability to attend to visual stimuli is

expected to be comparable to the ability to attend to

auditory stimuli.

Normative Data on the CAVAAS

The Comprehensive Auditory Visual Attentional

Assessment System (CAVAAS; Becker, 1990), is a recently

developed CPT which combines auditory and visual tasks-into

one system, and provides the opportunity to compare these

two modes of presentation. Being recently developed, the

CAVAAS provides no normative data on adults for either the

visual or auditory modes of presentation. It is very

similar, however, to the Gordon Diagnostic System and will

be used for the auditory comparisons. Therefore, the second

objective will be to provide preliminary normative data for

the auditory subtests on young adults for use with the

CAVAAS.

In summary, the goals of the present investigation are

1) to supplement adult norms on the Gordon Diagnostic System

Adult Vigilance and Adult Distractibility tasks 2) to
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provide preliminary normative data for adults on the

auditory Vigilance and Distractibility subtests of the

Comprehensive Auditory Visual Attention Assessment System

(CAVAAS) and 3) to compare the visual and auditory modes of

attention in adults.

The hypotheses are: 1) Normal adults will make less

correct responses and more commission errors on the

distractibility tasks than on the vigilance tasks. 2) No

significant difference should be found between the

performance on visual versus auditory tasks, as measured by

both number of correct responses and commission errors. 3)

Increased errors of commission and decreased correct

responses in either task or mode will correlate with

measures of attentional problems as measured by the

Conte-Baker Adult Behavior Checklist.

METHOD

Subjects

One hundred undergraduate students were used in the

study. All 100 subjects were tested, however, eighteen were

excluded from the final data analysis due to elevations on

the Symptom Checklist 90 - Revised. Therefore, data on only

82 subjects were analyzed. All subjects were selected from

the student population at the University of North Texas.

They participated on a voluntary basis and received extra

credit points for their participation. The sample contained
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70 females and 30 males, who ranged in age from 17 to 45

years.

Apparatus

For the visual vigilance and distractibility tasks, the

Gordon Diagnostic System (GDS) was used. All subjects were

administered the nine-minute version of the vigilance task

and the nine-minute version of the distractibility task.

The Comprehensive Auditory Visual Attentional

Assessment System (CAVAAS) was used to obtain measures of

auditory vigilance and distractibility. The CAVAAS task

length is nine-minutes for both types.

Procedure

All of the subjects were screened for psychopathology

using the Symptom Checklist-90, Revised (SCL-90-R). To rule

out the possibility that psychological distress was

contributing to task performance, subjects with a global

severity index (GSI) in excess of a T-score of 65 were

omitted from further analysis. The global severity index of

the SCL-90-R was used as a summary measure because it

includes information about both number of symptoms and

severity of distress (Derogatis, L.R., 1992). Seventeen

subjects were omitted based on their GSI scores.

The Adult Behavior Checklist (ABC) was used to screen

for residual ADHD (Conte, 1993). A questionnaire was

completed to provide basic demographic information,

including subject's age and sex. Family history of mental
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illness, and medical history in relation to possible brain

trauma or illness was also assessed by questionnaire.

No subjects reported either head injuries or immediate

family members with schizophrenia, or an attention-deficit

disorder. One subject was omitted due to incomplete data,

leaving a total of 82 subjects.

All of the original 100 subjects were administered each

of the four subtests: Auditory Vigilance (AV), Auditory

Distractibility (AD), Visual Vigilance Nine-minutes (VV),

and Visual Distractibility Nine-minutes (VD). The subjects

were divided into four groups of 25 subjects each and the

order of the task administration was counterbalanced. These

four subject groups received the tests in the following

order:

Group 1: AV, AD, VV, VD

Group 2: AD, VV, VD, AV

Group 3: VV, VD, AV, AD

Group 4: VD, AV, AD, VV

Due to the nature of the test, all subjects received a two

minute quiet period between each subtest.

Because directions for administration of VV and VD

tasks in the GDS manual were intended for children, the

instructions given to the adult subjects omitted references

to "playing a game" and "earning points," and were given as

follows:
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VV: You are going to see numbers flashing on the

screen, and I want you to press the blue button every

time you see a "9" that comes right after a "1". If

the "9" comes after any other number, don't press the

button. The only time you should press it is if you

see a "9" that comes right after a "1.1" Do you

understand?

Standard directions for the VD task were further

altered because it is typically given immediately following

the VV task which is very similar. Thus, the instructions

were given as follows:

VD: I want you to press the blue button every time you

see a "9" that comes right after a "1" in the middle

column. Other numbers will come up on the left and

right of the middle column, but you are only to press

the button if the "9" comes right after the "1" in the

middle column. Try to ignore the numbers in the other

columns.

Directions for both auditory tasks were given as above,

with appropriate substitutions being made regarding what the

subject will be hearing rather than seeing.

RESULTS

Normative data are provided on all four tasks in Table

1. Intercorrelations of tasks are presented in Table 2.

These moderate correlations indicate that the tasks are

interrelated, but somewhat distinct.
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Table 2

Normative Data for Vigilance and Distractibility Tasks

Task N Mean SD Min Max

Total Correct

Visual Vigilance 82 43.97 2.29 27.0 45.0

Visual
Distractibility 82 41.47 3.84 27.0 45.0

Auditory Vigilance 82 41.11 4.75 16.0 45.0

Auditory
Distractibility 82 40.06 4.62 20.0 45.0

Commission Errors

Visual Vigilance 82 0.51 1.64 0.0 14.0

Visual
Distractibility 82 1.84 2.62 0.0 15.0

Auditory Vigilance 82 3.38 4.38 0.0 28.0

Auditory
Distractibility 82 3.26 3.85 0.0 24.0

Two separate 4 (task order) X 2 (mode) X 2(type of task)

multivariate analyses of variance (MANOVA) for repeated

measures were performed. Because scores obtained for the

two dependent variables, total number of correct responses

and total errors of commission have different directional

meaning, two separate MANOVAs were performed. An increased

number of commissions, for example, would indicate poorer

performance, whereas a high number of correct responses
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would -be better than a low number. The order in which tasks

were presented was considered in each analysis.

The first three-way MANOVA examined the effect of the

type of task and mode of presentation and order of

presentation on task performance as measured by total

correct responses.

Results of the first analysis showed that task order

did not have a significant effect on performance, Wilks'

Lambda = .9292, F(3,77) = 1.95, p < .05. There was a

significant interaction for the type of task and the mode of

presentation (Wilks' Lambda = .8993, F(3,77) = 8.6147, p <

.004). Follow-up significance tests indicate that within

each mode of presentation the distractibility task was more

difficult than the vigilance task (visual: t = 5.16, p <

.0001; auditory: t = 3.33, p < .0013). A comparison of the

two vigilance tasks (auditory and visual) suggest that the

auditory mode of presentation increased the difficulty of

the task (t = 7.16, p < .0001). Comparison of the two

distractibility tasks (auditory and visual) yielded a

similar result showing increased difficulty for the auditory

mode of presentation (t = 2.21, p < .0298).

The second MANOVA substituted errors of commission as

the dependent variable. In this analysis, there were

interactions among type of task and order of presentation

(Wilks' Lambda = .9019, F(3, 77) = 2.7901, p < .0461), and

modality and order of presentation (Wilks' Lambda = .8894,
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F(3, 77) = 3.1898, p < .0283). Follow-up significance tests

indicate that the order of presentation had a significant

effect on the number of commission errors made on the visual

distractibility task (F = 4.32, p < .0072). Because the

results are somewhat confounded by order of presentation, no

further analysis was done.

Correlational analysis yielded no significant

relationship between reported symptoms of residual

attention-deficit disorder as measured by the Adult Behavior

Checklist and task performance (see Table 3).

Table 3

Adult Behavior Checklist Correlations

Total ABC

Total Correct

Visual Vigilance -0.065

Auditory Vigilance -0.020

Visual Distractibility -0.051

Auditory Distractibility -0.079

Commission Errors

Visual Vigilance 0.074

Auditory Vigilance 0.004

Visual Distractibility 0.154

Auditory Distractibility 0.022

N = 82; p < .05; p < .001



22

DISCUSSION

This study examined the effects of type of task and

mode of presentation on performance of two CPTs. The aim of

the present study was to provide normative data for use with

adults, detect any differences in the difficulty between the

vigilance and distractibility tasks, and to determine

whether or not the mode of presentation affected

performance.

Within each mode of presentation, subjects performed

more poorly on the distractibility tasks compared to the

vigilance tasks as evidenced by fewer correct targets. This

difference in performance was expected and is consistent

with normative data provided by Gordon on other age groups

(Gordon, et al., 1986).

Within each of the tasks, the subjects also performed

more poorly on both of the auditory tasks relative to those

presented visually. The effect of mode of presentation on

task performance was an unexpected finding which is

unexplained by neurophysiological factors. Another possible

explanation for this difference could be that the two tasks

are not actually equivalent. However, the CAVAAS utilizes a

computer software package which actually administers all

four tasks, including the visual tasks on the GDS. For the

auditory tasks, the display on the GDS is covered and the

CAVAAS converts the numeric values into auditory stimuli

produced by the computer. One problem could be in the
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computer simulated speech sounds, which may have sounded

unfamiliar to the subjects, thereby increasing the

difficulty of the tasks.

There were no significant correlations of task

performance with the Adult Behavior Checklist. The most

likely reason for the lack of relationship between these two

measures is that no subjects reported a diagnosis of

attention-deficit disorder which the questionnaire was

designed to measure. Prior to the exclusions of subjects,

however, the Adult Behavior Checklist did correlate with the

SCL-90-R which gives some evidence of concurrent validity

for its use as a measure of pathology

(GSI: r = .787, p < .0001).

At present, normative data obtained on the two CPTs can

benefit clinicians in the evaluation of adult

attention-deficit disorder. In particular, the finding of

significantly better performance on visual rather than

auditory mode (for similar tasks) in normal subjects is

important to note. This difference is expected and should

not be considered a diagnostic indicator of residual ADD at

this time.

The present study examined only a restricted range of

subjects, college students, and generalizations beyond this

population should be made cautiously until data on a broader

range of subjects can be obtained.
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Future research can determine the exact nature of the

differences in auditory and visual attention in normal

adults, the differences between ADD adults and normals, and

compare the auditory and visual performance differences in

ADD adults to the results obtained in the present study.
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