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Abstract Continous Performance Tests (CPTs) form a group of paradigms
for the evaluation of attention and, to a lesser degree, the response inhibition (or disin-
hibition) component of executive control. The object of this study was to compare per-
formance on a CPT using both visual and emotional tasks in 46 normal adult subjects.
In particular, it was to examine the effects of the type of task (VCPT or ECPT), sequ-
ence of presentation, and gender/age influence on performance as measured errors of
omission, errors of commission, reaction time and variation of reaction time.

From the results we can assume that there are significantly worse performance
parameters for ECPT than VVCPT tasks, with a probable explanation of the influence of
emotional stimuli on attention and information-processing and no significant effect of
order of presentation and gender on performance. Significant differences with more
omission errors for older groups were obtained, showing better attention in younger
subjects.

Key words: VCPT, ECPT, omission errors, commission errors, reaction time, variation
of reaction time, normal adults.
Introduction

A Continuous Performance Task/Test, or CPT, is a neuropsychological
test which measures a person's sustained and selective attention and impulsivity.


http://en.wikipedia.org/wiki/Psychological_test
http://en.wikipedia.org/wiki/Psychological_test
http://en.wikipedia.org/wiki/Attention
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Sustained attention is the ability to maintain a consistent focus on some con-
tinuous activity or stimuli, and is associated with impulsivity. Selective atten-
tion is the ability to focus on relevant stimuli and ignore competing stimuli.
This skill is associated with distractibility (Conners, 2000).

Since 1956, the CPT has been used in the study of attention and impul-
sivity, through multiple variations in the components of the task. Greenberg and
Waldman (1993) suggested over 100 different versions of the CPT, the most
commonly used being the Test of Variables of Attention (TOVA) and Conner's
CPT-II. Although variations of the tests in terms of length and type of stimulus
have been used, the basic nature of the tests remains the same. Halperin (1991)
commented that there are as many versions of the CPT available as there are
clinicians who use them. One difference across versions of the CPT is the
choice of target and non-target stimuli.

These attention tests are often used as part of a battery of tests to un-
derstand a person's ‘executive functioning' or their capacity to sort and manage
information. They may also be used specifically to support a diagnosis of
Attention Deficit Disorder.

While scoring varies from test to test, standard performance is mea-
sured by the four main scores: the number of times a subject fails to respond to
the correct target (errors of omission), the number of times a subject responds to
an incorrect target (errors of commission), reaction time and variation of
reaction time (sign of variation of attention). Errors of omission are regarded as
a measure of sustained attention (high omission rates indicate that the subject is
either not paying attention (distractibility) to stimuli, or has a sluggish response)
and errors of commission as an indicator of impulsivity. Reaction time mea-
sures the amount of time between the presentation of the stimulus and the
client's response, while variation of reaction time corresponds to the variation of
attention during the task. These last two measures are used for evaluating the
speed of cognitive processes and their trial-to-trial stability.

In many studies, modality differences of CPTs have been compared,
with corresponding variations found in CPT performance (e.g. D. Baker, Taylor
& Leyva, 1995; Draeger, Prior & Sanson, 1986; Driscoll, 1994; Sandford, Fine
& Goldman, 1995a, 1995b; Sykes, Douglas & Morganstern, 1972). Baker D.
and colleagues administered both the Gordon Diagnostic System (GDS;
Gordon, 1983) and the Comprehensive Auditory Visual Attention Assessment
System (CAVAAS; L.E. Becker, 1993) to 82 college students aged from 17 to
45 years. Using a counterbalanced design, the students completed four tasks
(auditory vigilance, visual vigilance, auditory and visual distractibility). Based
on comparison of omission and commission errors by tasks they found that
college students performed better on visual than auditory tasks. Similar findings
(more commission errors when the stimuli were presented in the auditory
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format) with children with ADHD were reported by Sandford and Turner
(1995). These findings suggest that auditory vigilance tasks may be more sensi-
tive and, hence, more useful in the identification of problems with sustained
attention and executive control.

The VCPT has enjoyed widespread use in clinical practice and is used
frequently in research on the validity of laboratory measures in the assessment
of ADHD (Kropotov, 2009). On the other hand ECPT for the Mitsar system
(Meier N., Mller A., Kropotov J., 2007) is a new test, with limited use up till
now. In this task stimulus material was taken from the set of pictures of facial
affect by Ekman and Friesen (1976) and consisted of black and white slides of
the faces of female and male actors, each presenting an angry, a happy, and a
neutral face. In the past decade, the number of studies devoted to the neurophy-
siological basis of human emotional reactions has substantially increased
(Robinson, 1995; Damasio, 1998). In the updated models of mental processes,
the researchers more actively take into account the role of emotions in the
regulation of behaviour at the organism level and at the level of the most
important psychophysiological processes, e.g. memory and attention (Damasio,
1998).

Like other CPTs, the VCPT presents visual stimuli, and the results of a
subject’s performance are considered as a measure of attentional capacity.
However, consideration has not been given to the similarities and differences in
performance measures related to the facial emotion expression of the visual
stimuli. Thus, the purpose of this study was to compare performance on a CPT
using both visual and emotional tasks. In particularly it examined the effects of
the type of task (VCPT or ECPT), sequence of presentation, and gender/age
influence on performance as measured errors of omission, errors of com-
mission, reaction time and variation of reaction time.

Methods

2.1. Subjects

Forty-six healthy, right-handed volunteers, with normal or corrected
vision (24 males, 22 females), aged between 18 and 50 years (mean = 25.6; SD
= 7.90) participated in this study and gave written informed consent. All
participants were briefly interviewed before testing to exclude those with a
history of head injury, substance abuse, and/or severe psychiatric disturbances.

2.2. Procedure

All clients were individually assessed with neuropsychological and
neurophysiological testing individually in an environment free from distrac-
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tions. Only the administrator was present during the testing. All subjects were
tested in two sessions (one neuropsychological and one neurophysiological
assessment) that lasted approximately 2.5h each.

In the first assessment the interview and questionnaires (Current and
Childhood Symptoms Scale (Barkley); Brief Symptom Inventory (Derogatis);
Health History (Barkley); Trauma questionnaire (Muller & Thomann) and
Semi-structured Interview for Adults with ADHD (Barkley) for excluding the
ADHD (attention deficit hyperactivity disorder) symptoms were applied. Then,
a neuropsychological assessment consisting of Amsterdam Neuropsychological
Tasks (10 tasks) (ANT 3.0, de Sonneville, 1999) and Cogmed Working
Memory Testing Tool (6 tasks) were completed.

During the second session all subjects had QEEG recorded by the
Mitsar 21-channel QEEG system for:

¢ 5 minutes eyes closed resting and 5 minutes eyes open resting con-
dition (sufficient for 2 minutes artefact-free data EC and EO);

¢ Visual continuous performance test — VCPT (two-stimulus Go/NoGo
paradigm) with duration for 20 min, from Psytask.

e Emotional continuous performance test — ECPT (two-stimulus
Go/NoGo paradigm) with duration of 20 min, from Psytask.

Separate channels for recording a signal from the button were used for
monitoring the accuracy of the test performance and measuring the response
trial.

The VCPT and ECPT were administered using the standard protocol.
During the test, a subject sat in a comfortable armchair with armrests. Pictures
were presented in a pseudo-randomised order in the centre of a computer
monitor placed 100 cm from the subjects’ eyes. Before each session, the test
was explained to the subject in detail and 10-20 training tasks were performed.
Accuracy and speed were encouraged. Each test lasted for 20 minutes, with a 5-
minute rest between the tests. The order of the task administration was
counterbalanced to control for order effects. The object of this paper is the com-
parison of the performance during visual and emotional CPT, regarding the
sequence of presentation, gender and age.

2.3. Stimuli

We used the two-stimulus CPT task developed specifically for the
Human Brain Institute Data Base. The task consisted of 400 trials. The duration
of stimuli was equal to 100ms. Trials consisted of presentation of a pair of
stimuli with inter-stimulus intervals of 1.1 sec. the interval between trials was
equal to 3100ms and the response interval was from 100 to 1000ms.
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In the VCPT task (Fig. 1) there are four categories of stimuli: 1) 20
different images of animals — referred to later as A, 2) 20 different images of
plants — P, 3) 20 different images of humans presented together with an arti-
ficial novel sound — HS. Four categories of trials were selected: Animal-Ani-
mal, Animal-Plant, Plant-Plant, and Plant-Human+Sound. The trials were
grouped into four sessions with one hundred trials each. In each session a
unique set of five A stimuli, five P and five HS stimuli was selected. Each
session consisted of a pseudo-random presentation of 100 pairs of stimuli with
equal probability for each category and each stimulus. Subjects were instructed
to press a button with the index finger of their right hand as fast as possible
every time when an animal was followed by an animal (Go-condition) and to
withhold or ignore pressing on the other three trials (NoGo-condition).

Press Button

Don't press Button

& /f 4\ Ignore
Figure 1 — Stimuli for the VCPT task
Cauka 1 - Ciuiumyaycu 3a VCPT 3aoauaitia

In the ECPT task (Fig. 2) four categories of stimuli were presented: 1)
20 different images of angry faces — referred to later as A, 2) 20 different ima-
ges of happy faces — H, 3) 20 different images of neutral faces presented
together with an artificial novel sound — N+S. Trials consisted of presentation of
a pair of stimuli with an inter-stimulus interval of 1.1sec. Four categories of
trials with the following facial expression of emotions were selected: Angry-
Angry, Angry-Happy, Happy-Happy, and Happy-Neutral+Sound. The trials
were grouped into four sessions with one hundred trials each. In each session a
unique set of five A stimuli, five H and five N+S stimuli was selected. Trials
were presented randomly with equal probability.

Subjects were instructed to press a button with the index finger of their
right hand as fast as possible every time when an angry face was followed by an
angry face (Go-condition) and to withhold the pressing on the other three trials
(NoGo-condition).

TIpunosn, Opx. 6uon. Ment. Hayku, XXX/1 (2009), 167-178



172 Markovska-Simoska Silvana, Pop-Jordanova Nada

Press Button

Don't press Button

Ignore

Lgnore

Figure 2 — Stimuli for the ECPT task
Cauxka 2 — Ciiumyaycu 3a ECPT 3aoauaitia

Results

A series of multivariate analyses of variance (ANOVAS) for main
effects was conducted to examine the effects of the type of task (VCPT or
ECPT), order of presentation, and gender/age influence on performance as
measured errors of omission, errors of commission, reaction time and variation
of reaction time. The ANOVA statistical analysis showed significant effects of
the type of a task on performance data, with poorer performance during ECPT
than in VCPT. The statistical differences of the measures between VCPT and
ECPT are presented in Table 1.

Table 1 — Tabela 1

Differences in performance parameters between VCPT and ECPT
Pazauxa na iieppopmarcruitie ilapameitipu iiome?y VCPT u ECPT

VCPT ECPT

n = 46) (n = 46)
Measure Mean (SD) | Mean (SD) F 145 p
Omission errors 143 | 164| 354 277 | 18615 | 0.00009
(attention)
Commission errors
(impulsivity) 0.72 1.20 1.96 2.28 12.901 0.00081
Reaction time (RT) 365 | 65.04 413 74.04 | 9.8768 0.00296
Variation of RT 7.16 2.64 9.76 3.50 16.791 0.00017
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No significant effect of the sequence of presentation on the performance
was registered. Means and standard deviations of performance parameters in
two ways order are presented in Table 2 and 3. Namely, ANOVAs repeated
measurement of the difference in the performance at the first and second time
presented with VCPT showed: omission F1,0 = 0.27149, p = .608; commission
F1’20 = 053333, p= A74; RT Fl,20 = 10581, p= .316 and varRT F1’20 = 04786,
p = .829. Similar non-significant results were obtained also for ECPT measures:
omission Fy 5 = 3.8579, p = 0.063; commission F;, = 1.5785, p = 0.223; RT
F120=3.6206, p = 0.07157 and varRT F Fy 5 = 0.00426, p = 0.94859.

Table 2 — Ta6ena 2

Means, standard deviations and statistical significance of performance data for two
different groups according to the presentation order of VCPT as first or second task

Cpeonu 8pedHociiiu, Clian0apOHu 0esujayuu U Cllatiuciiu4Ka
CUZHUGDUKAHTUHOCTI Ha Tapamettipuitie 0obuenu tpu uzeeobaitia na VCPT
KaKo upsa uau 8ilopa 3a0awa Ha pedocaed Ha HpeseHinayuja,
3a Oseilie UCHUINY8aHU Zpyiiu

Mean (SD) Mean (SD)
VCPT | VCPT I F 120 p
N=25 N=21
Omission errors 140+1.38 148+1.94 0.27149 0.608
Commission errors 0.88 +1.27 0.52+1.12 0.53333 0.474
RT (ms) 354 + 57.57 378 +72.26 1.0581 0.316
Var RT 7.2+2.36 7.08 +£2.30 0.4786 0.829

Table 3 —Tabena 3

Means, standard deviations and statistical significance of performance data for two
different groups according to the presentation order of ECPT as first or second task.

Cpeonu epedHocitil, cliaHOapOHu 0esujayull U CIlaiiuciiu4Ka
CUZHUPUKAHTUHOCTI Ha Tapameilipuitie 000ueHu tpu uzsedodaitia na ECPT kaxo
ip6a uau 8IIopa 3a0a4a Ha pedocaed Ha ipe3eHitlayuja, 3a 08eitie UCHUTILY8aHU ZpYiiu

Mean (SD) Mean (SD)
ECPT I ECPT II F 120 p
N=21 N =25
Omission errors 2.71+2.30 4.24 +2.98 3.8579 0.063
Commission errors 152177 2.32+2.60 1.5785 0.223
RT (ms) 435 + 92.50 395 +48.94 3.6206 0.072
Var RT 9.6 + 3.68 9.9+3.40 0.00426 0.949
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On Figs. 3 and 4 no influence of presentation order on task performance
is shown. Namely, as can be seen, the expectation that the second task that is
performed will be with a poorer performance than the first one is not confirmed
since there are more commission errors in the first order VCPT compared to the
second one (when more commission errors are expected due to tiredness) or
longer reaction time in the first ECPT, compared to the second one (when a
influence of a tiredness factor on attention is expected).

R1; LS Means
Current effect: F(1, 20)=.53333, p=.47368
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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VCPT | commission VCPT Il commission
R1

Figure 3 — Differences of commission errors in VCPT | and Il
Cauxka 3 — Pazauka Ha zpewku tipu VCPT | u 1l

The independent t-test by group parameters showed that there was no
significant gender effect within group and intergroup differences on tasks perfor-
mance, even if the values for all performance data (omission, commission errors,
RT and varRT) were slightly higher for the males compared to the females.

Concerning age as a factor that could influence the performance, the
participants were divided into four groups: 18-20; 21-30; 31-40 and 41-50
years. Within and inter-group differences obtained with the t-test for inde-
pendent samples showed a significant difference in omission errors in VCPT in
the group aged 31-40 years compared to the group aged 41-50, with more
errors in the latter (t = 3.873, p < 0.03). While in ECPT there was better per-
formance in groups from 18-20 compared to the group aged 21-30 (t = 3.523, p
< 0.003), and the group aged 21-30 was better than 31-40 (t = 3.000, p < 0.03)
and 41-50 (t = 3.963, p < 0.03) respectively.
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R1; LS Means
Current effect: F(1, 20)=3.6206, p=.07157
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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Figure 4 — Differences of reaction time in ECPT I and Il
Cauka 4 — Pazauka Ha peakyuonoitio gpeme itomedy ECPT I u 1l

Discussion

The main purpose of this study was to examine the effects of the
sequence of presentation of CPT stimuli on performance. It is clear that there is
a significantly poorer performance (more omission and commission errors,
longer reaction time and higher variation of reaction time) in ECPT than in
VCPT for all subjects. This could be explained by the influence of emotional
stimuli on attention and information-processing, (i.e. a longer reaction time as a
result of the separate process of decoding of facial expressions from face
perception, Herrmann et al. 2002).

The research designs included counterbalancing of task order; therefore,
the results did not reflect the practice effect (noted by Schachar et al. 1988)
which resulted in making the VCPT task easier to perform than the ECPT task.

There were no significant main effects or interactions of participant
gender group on any performance measure. This is in accordance with the
results obtained from Schulz et al., 2007. On the other hand, there were signi-
ficant differences by age groups, with lower omission errors of groups between
age 18-20 and 21-30, showing better attention in younger subjects.

The present study examined only a restricted range of subjects (vo-
lunteers with university education or university students) and generalizations
beyond this population should not be made until data on a broad range of
subjects with volunteers of different levels of education have been obtained.
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The next step in research will be an assessment of performance diffe-
rences and early components of event-related potentials obtained during VCPT
and ECPT for individuals with attention deficit hyperactivity disorder (ADHD).
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Pesuwme

CIIOPEJBA HA BU3YEJIHHUOT 1 EMOITMOHAJTHUOT KOHTUHYUPAH
HNEP®OPMAHC TECT BO OJJHOC HA PEJOCJIEAOT
HA MPE3EHTAIINJA, ITIOJ 1 BO3PACT

Mapkoscka-Ciumocka Cuiisana,' Tlon-Jopranosa Hana’

! Hcrpaskysauk qenrap 3a eHepreTHKa, HHGOPMATHKA H MATEPHJATT,
Makenorcka akagemuja Ha HAyKHTEe H yMeTHocTHTe, Ckomje, P. Makeqonnja
2 Kimmmika 3a geTckn 6oaect, Mequnaackn gakyrrer, Ckomje, P. Makegonrrja

AnctpakT. CPT e rpyna Ha mapagurMm Koja ce KOPUCTH 3a HCIHUTY-
Balk€ Ha BHUMAHMETO U, BO NTOMAJl CTENEH, 3a MHXUOHUIUjaTa HA OATOBOPOT, KAKO
KOMIIOHEHTa Ha €r3eKyTHBHaTa KoHTpona. Yecro ce ynorpebysaar CPT 3apa-
ylTe 32 Aa ce fo0Ke KBAHTUTATUBHA MH(OPMaIKja BO BPCKA CO MHAUBUAYyaTHATA
CIIOCOOHOCT 3a OAP>KyBahe Ha BHUMaHUETO BO TEKOT Ha BpemeTo. Llenra Ha oBaa
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crynuja Gelie fja ce cnopeaar nepOpMaHCUTE BO TEKOT HA BU3YEJHA W €MOIHO-
HamHa CPT 3apaua kaj 46 3upaBu Bo3pacHu cybjexTn. [loTouHo, ma ce mcnuraat
edekTute on BupoT Ha 3amadara (VCPT unu ECPT), pemocienor Ha mpe3eHTH-
parbe u, BIMjaHHETO HA MOJIOT M BO3pacTa Ha Mep(OpMaHCHTE MPEKYy MEpPEHH
TPENIKA TPU U30CTaHyBaK€ Ha OfITOBOP WITH MPOITyCTH (OMISSIiON errors) u rperniku
MIpH TIOTpelieH oAroBop (COMmMIssion errors), peakmoHO BpeMe W BapHjaluja Ha
PEeaKkIuoOHOTO BpeMe.

Bo pesynrarure MoxeMme fja pe3uMupame fieka CUTHU(PUKAHTHO MOJIOIIN
nepgopmaHcHU napameTpu ce goousaaT npu ECPT 3apaudara, Bo cnopenba co
VCPT (co MOXXHO 0GjacHyBam€ 3a BIMjaHHETO HA €MOIIMOHAIHUTE CTUMYJIYCH BpP3
BHMMaHMETO ¥ TPOLECHPambeTo Ha nHGopMalujaTa) U HECUTHU(PHUKAHTEH eeKT
Ha peflociefoT Ha Ipe3eHTanyjaTa 1 noioT Bp3 nepgopmancuTe. 3eMajKu ja nax
BO NIpeABUJ] BO3pacTa, TOOWEHN ce 3HauYajHHU Pa3jIiKH 32 FPEIIKUTE IpH MPOMYyCT
Kaj rmocrapaTra Iolylanyja, yKakyBajKu Ha MOROOpPO BHUMaHME Kaj IOMJIafuTe
Cy0jeKTH.

Knyunn 360poBm: VCPT, ECPT, peakumoHO BpeMme, TpelIKd INpU IPOIYCT,
FPELIKK TIpY IOrPElIEH OAroBOp, Bapujalidja Ha PEaKIMOHOTO BpEME, 3paBU
BO3PACHH.
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