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We investigated the relations between EEG activity and sustained attention in humans. A
visual version of the conjunctive continuous performance task (CCPT-V) was used as a
measure of sustained attention. Twenty university students voluntarily participated in the
study; they were divided into two groups, good and weak, according to their results in the
CCPT-V. The spectral power of EEG recorded from Fz, Cz, and Pz was analyzed under three
conditions (eyes-open, eyes-closed, and CCPT-V) in four frequency ranges, theta (4-8 Hz),
alpha (8—13 Hz), beta (13-30 Hz) and gamma (30-60 Hz) in three channels. Results of
repeated-measures MANOVA showed the significance of the effects of conditions and
channels with respect to the alpha and theta but not to the beta and gamma powers. There
was no significant effect of the group, but, when comparing the alpha power under three
conditions, the good group showed lower spectral powers. It has been concluded that cerebral
neuronal systems producing alpha and theta oscillations play a role in sustained attention, and
this can be shown by EEG recording and in the respective test.

Keywords: conjunctive continuous performance task (CCPT), electroencephalography,

frequency ranges, sustained attention.

INTRODUCTION

It has been shown in a number of studies that EEG
frequency bands (rhythms) can be specifically
related to certain brain functions [1-3]. The cognitive
performance in humans is a crucially important brain
function, which recently is in the scope of intense
research applying EEG to explore the respective
neuronal mechanisms. Attention is one of the important
aspects of cognitive performances. As was revealed,
attention is one of the most important cognitive
factors playing significant roles in reasoning [4, 5],
safe driving [6-8], consciousness [9], memory [10],
and so on.

Attention known as concentration and alertness is
one of the central aspects of human cognition, and high
level of attention facilitates memory processes [11].
Sohlberg and Mateer [12, 13] described five levels, or
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types, of attention including the following. Focused
attention is the ability to respond discretely to specific
items of information (visual, auditory, or tactile
stimuli). Selective attention is the ability to select
certain factors or stimuli from their multiplicity and
to focus on only the one that you want, while avoiding
distractions from other external and internal stimuli.
Alternating attention refers to the ability or capacity
for mental flexibility, which allows individuals to
shift their focus of attention and to alter it between
tasks having different cognitive requirements. Divided
attention is the highest level of attention, and it refers
to the ability to respond to multiple tasks within the
same time. Finally, sustained attention is the ability to
focus on one specific task for a continuous amount of
time or to maintain a consistent behavioral response
during continuous and repetitive activity without being
distracted.

Sustained attention represents higher aspects of
attention and cognitive capacity in general [14].
The cognitive construct of sustained attention has
been greatly advanced recently. The development
and validation of diverse tasks for testing sustained
attention supports this claim, which in turn enhance
research of the neuronal mechanisms mediating
sustained attention performance. One of these tasks is
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the conjunctive continuous performance test (CCPT)
known as a good measure of sustained attention [15],
and it was used in the present study.

Spectral powers of EEG alpha, beta, theta, and
gamma rhythms are considered important parameters
representing neural activities and processing
mechanisms underlying cognitive performance in
humans. A few studies were concentrated on the
relationship between the EEG band powers and
cognitive performance, specifically the performance
in attention tasks [16—19]. The respective results and
conclusions are based on the data related to performing
sustained attention tasks, which measure memory as
well. However, the CCPT was claimed to measure only
sustained attention and not memory [15].

In this study, we wanted to explore the relations
between the powers of EEG frequency components and
sustained attention using a visual version of theCCPT.

METHODS

Participants. Twenty-five Iranian university students
with normal or corrected-to-normal vision, all
dextrals, were selected for this study. Five of them
were excluded from the general group because of
major movement artifacts, errors of omission and
commission above 20%, or excessive noise. Thus, the
data of 20 students (9 men) with the mean age of 23.3 +
+ 2.8 years were fully analyzed. All subjects were
tested for handiness with the Edinburgh test, and all
found right-handed.

Procedure. Situational variables (e.g., fatigue,
mood, or health state) are known to considerably
affect attention functions in general and vigilance
in particular. Before the EEG recording, in order to
control the effect of mood and mental health in this
research, all participants were asked to fill in two
mood scales (current and general mood) and the
General Health Questionnaire (GHQ). All of them were
checked for history or current presence of any major
neurological/medical or psychological conditions that
may significantly impress cognitive functioning. The
experimental procedures including EEG recording
and the sustained attention task were explained in
detail. The CCPT-V was performed in about 12 min
during EEG recording. Testing was performed within
a morning/midday interval.

Current Mood Scale. As the mood state was
shown to affects the cognitive performance [20, 21],
the general and current mood state of participants
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before performing the CCPT-V and EEG recording
was measured. A version of the mood scale in Persian,
similar to that in [22], was used to assess the current
mood before recording of the data. The items of this
scale assess the following adjective pairs: happy—sad,
energetic—somber, and excited—exhausted. Participants
were asked to rate their current mood state in a nine-
point Likert scale.

Positive and Negative Affect Scales (PANAS).
The PANAS [23] is a 20-item self-report mood scale
that measures the general state (“How do you feel
generally?”), positive affects (PA), and negative
affects (NA). It comprises of 10 positive and 10
negative adjectives rated on a Likert scale, from 1
(very little or not at all) to 5 (very or extremely). We
used a Farsi version of the scale with high internal
consistencies for the PA and NA subscales (Cronbach’s
alpha = 0.84 and 0.80, respectively) [24].

General Health Questionnaire (GHQ-28). A
Farsi version of GHQ-28 was used in this study. This
instrument is a self-administrative questionnaire
capable to detecting minor non-psychotic psychiatric
disorders in the general practice. The questionnaire
comprises four subscales of (i) somatic symptoms,
(i1) anxiety and insomnia, (iii) social dysfunction, and
(iv) severe depression. Each subscale consists of 7
statements (28 statements in total). The questions were
to be answered on a Likert scale. The subjects would
get from a zero point (if they chose “not at all”) to
three points (for “much more than usual”) responses.
Participants in our study were asked to compare their
recent psychological state with their usual state.
Total scale score ranges from 28 to 112, and the cut-
off point based on [25] is score 23; the higher the
score, the poorer the psychological well-being. The
GHQ-28 reported has a good reliability in the Iranian
population [26]; Cronbach’s alpha was 0.85 [25].

CCPT-V. As was shown in some studies [27,
28], the performance in the auditory versions of the
continuous performance task (CPT) was poorer than
in the visual ones. Regarding the CCPT, Shalev et al.,
[15] concluded that the performance (as was measured
in M-RT and s.d.-RT; see below) in the visual version
of the CCPT was significantly better than in the
auditory version of the task. Therefore, our focus was
on the data of the CCPT visual version.

The CCPT-V was developed to assess sustained
attention in the visual modality [15]. The test
consisted of a single block of 320 trials preceded by 15
practice trials. The stimulus in each trial was a colored
geometric shape presented at the center of the screen.
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The size of each stimulus ranged from 1.4 to 1.8 cm
in height and from 1.8 to 1.9 cm in width. The test
included 16 different stimuli created from all possible
combinations of four shapes (square, circle, triangle,
or star) and four colors (red, blue, green, or yellow).
The target red square appeared on 30% of the trials. A
non-red square appeared in 17.5% of the trials, a red
non-square appeared in 17.5%, and in the remaining
35% of the trials a shape that was neither squared nor
red was presented. Each stimulus was presented for
100 msec and separated from the next by interstimulus
intervals (ISIs) of 1000, 1500, 2000, or 2500 msec
with each ISI appearing in 25% of the trials. Both
stimuli and ISIs were selected randomly. Participants
were instructed to respond, by right-clicking the
mouse button, as soon as the target appeared and to
withhold responses to all other stimuli (Fig. 1). All
stimulus and task constructions were exactly the same,
as the original one developed by Shalev et al [15]. The
task was designed in Psytask software.

Performance Measures of the CCPT-V. Four
performance measures were computed for the CCPT-V
including: (i) Mean reaction time for correct responses
(M-RT); (ii) standard deviation of the reaction times
(s.d.-RT); (ii1) percent of omission errors (omission of
the target stimulus), and (iv) percent of commission
errors (identification of a non-target stimulus as
the target). The first two measures (RTM and s.d.)
were related to the response time, and percentage
of omission and commission errors reflect different

ITI: 1000, 1500, 2000 or

2500 msec /
(

100 msec

ITI: 1000, Target 100 msec

1500, 2000
or 2500

msec}/

L

/ZITI: 1000, 1500, 2000 or
2500 msec

100 msec

Fig. 1. Sequence of trials in the conjunctive continuous performance
test-visual (CCPT-V).

P u c. 1. [TocninoBHicTs Tpo6 mpu peainizanii BiyaiabHOI Bepcii
TecTy crinbHOro TpuBanoro BukoHaHus (CCPT-V).
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aspects of accuracy of the response. All four measures
are known to be sensitive detectors of lapses in
sustained attention (see [15]).

The mean response time (M-RT) observed for
the CCPT-V task in our study was 382 msec (s.d. =
= 70 msec). This response time is shorter than those
reported for CCPT-V in [15] (M-RT = 409 msec and
s.d. = 56 msec; an original report on this task. All our
participants were university students, while a sample
in [15] included a group of university and a group of
high-school students. This situation might explain
somewhat faster reactions in our research. The mean
percentages of omission and commission errors were
low (0.45 and 1.6%, respectively).

The participants were divided into two groups using
the media-split procedure based on their performance
in the CCPT-V (good and weak groups) (Table 1).

Comparability of the Groups. A set of the
t-tests was conducted to check whether the two
experimental groups were comparable in terms of mood,
age, and general psychological health before EEG
recording. There was no hint to any pre-experimental
difference between the two groups with respect to both
positive and negative subscales of PANAS and current
mood state; all P values were grater than 0.05 (Table 2).

T able 1. Parameters of the Performance in the Experimental
Groups of the Participants

Taoaunusal. [Iapamerpn BUKOHAHHA TECTY B eKCIIEPUMEH-
TaJILHUX I'Pynax 00CTeKeHUX

Measures of Total Weak Good
the CCPT-V (n=20) (n=10) (n=10)
M-RT(msec) 382 (70) 404 (71) 360 (62)
s.d.-RT (msec) 60.7 (8.9) 67 (7.3) 55(6.2)
omission 0.45(0.99) 0.7 (1.3) 0.2 (0.63)
commission 1.6 (1.5) 1.3 (1.1) 1.9 (1.8)

T able. 2. Means and (s.d.) for the Pre-experimental General
Mood State (PANAS, positive and negative scales) and Current
Mood State in the Two Experimental Groups

T aoauusa. 2. 3HayeHHs cepeiHiX Ta CTAHIAPTHUX BiIXH/IeHb
(Y Ay:KKaX) XapaKTepUCTHK 3arajibHOI0 CTAHY HACTPOIO
(PANAS, no3uTHBHA Ta HeraTUBHA IIKAJIH) TA MOTOYHOIO CTAHY
HACTPOIO B IBOX I'Pylax nepej eKCliepuMeHTOM

State mood index Weak group Good group
(n=10) (n=10)
PANAS-PA 33(9) 38(5)
PANAS-NA 23(6) 26(8)
Current Mood 13(6) 11(5)

253



A. BEHZADNIA, M. GHOSHUNI, S. A. CHERMAHINI

T able 3. Means and (s.d.) for the Pre-experimental General
Psychological Health State (General Health Questionnaire,
GHQ-28) and its four subscales in the Two Experimental
Groups

T a6uuusa3. 3HaueHHs cepeJHIX Ta CTAHAAPTHUX BiIXUJIEHb
(y 1y’KKax) XapaKTepHCTHK 3arajJbHOI0 CTaHy IMCUX0JIOTiYHOI0
340pPOB’fl B JBOX I'PyHaXx Iepe eKCIepHMEeHTOM

. Weak group Good group

General health index

(n=10) (n=10)
Somatic symptoms 5(2.8) 6.3 (3.4)
Anxiety and insomnia 6(4.2) 5303)
Social dysfunction 7.2 (3.5) 7.2 (2.5)
Severe depression 2.4(0.7) 3.4(1)
Total score 21 (11) 21.2(7.6)

In terms of general psychological health, two groups
did not show any significant difference in total score of
the GHQ-28 and in any of the four subscales (somatic
symptoms, anxiety and insomnia, social dysfunction,
and severe depression); all P values >0.05 (Table 3).

The two groups, in terms of age, were comparable
(good group, M = 22.6, s.d. = 2.4, and weak group,
M =23.9,s.d.=3.2); P> 0.05.

EEG Recording. EEGs, as well as blinks and
saccades, were recorded with Ag-AgCl electrodes
attached to the scalp sites Fz, Pz, and Cz according
to the international 10-20 system [29]. Two reference
electrodes were placed on the right and left earlobes.
The data were collected using a Mitsar-202-32 channel
differential amplifier. The EEG data were sampled
at 250 sec! with the impedances typically below
10 kQ and band-pass filtered from 0.5 to 70 Hz for the
analysis.

Prior to EEG recording during performing the
CCPT-V, EEG was recorded under two conditions,
eyes closed and eyes open, at the resting state [30, 31].
During recording, participants were comfortably seated
in a dimly light, sound-attenuated, and electrically
shielded environment. First, each participant kept
the eyes-closed state for 3 min without thinking of
anything, being in a fully relaxed state. Second, the
participants needed to keep their eyes open for another
3 min, while focusing on a white cross in the middle of
the block screen without any instruction and staying in
a fully relaxed state. After 2 min, the participants were
instructed to perform the CCPT-V started with a trial
block containing of 16 stimuli.

EEG Analysis. The data were analyzed by Matlab
V. 2011a. Since some signals were affected by blinking
and movement artifacts, and their amplitude was higher
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than £100 pV, they were omitted from the consequent
EEG analysis. After identifying the artifacts, the entire
peaks including those were omitted. Then, the absolute
spectral power was calculated for the signals recorded
in each channel using the Welch method with the
Hanning window having a length of 2 sec and 50%
overlap. It should be mentioned that all calculations
of the absolute power have been done for the theta
(4-8 Hz), alpha (8-13 Hz), beta (13-30 Hz), and
gamma (30-60 Hz) frequencies.

Statistical Analysis. The EEGs were analyzed in
four above frequency bands and in three channels
(Fz, Cz, and Pz). A set of 2 (group, weak vs. good
performance in the CCPT) x 3 (condition, eyes-open,
eyes-closed, and CCPT performing) x 3 (region,
Fz, Cz, and Pz) repeated-measures MANOVA was
performed to examine changes in EEG under three
conditions for two groups separately and for four EEG
frequency bands (rhythms).

RESULTS

The Mauchly’s test indicated that the assumption of
sphericity had been violated, therefore, degrees of
freedom were corrected using the Greenhous—Geisser
estimate of sphericity.

Theta Range. A significant global effect of the
cortical region was observed with respect to this
component; F (1.3, 23)=21.14, P <0.001. This result
shows that the theta power was different in the three
regions of Fz, Cz, and Pz (Fig. 2A), with a greater

50- uV?/Hz 45- MV?/Hz
45+ 40-
40
35+
35
30
30
25 ; . . 25 T .
Fz Cz Pz EC EO” CCPT-V
Condition

Region

F i g. 2. Means of the theta power: A) in three cortical regions, Fz,
Cz, and Pz, and B) under three conditions, eyes closed (EC), eyes
open (EO), and performing the CCPT-V task.

P u c. 2. Cepenni 3HaYEHHS MMOTYXKHOCTI KOJIMBaHb TETa-pUTMY B
TphOX KopTHKanbHUX 30HAX (Fz, Cz Ta Pz, 4) Ta pu TphoX yMOBax
TECTyBaHHs (04l 3aIUTIOIICHI, 04l PO3ILTIONICH], BUKOHAHHS 3ajadi
CCPT-V, B).
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power in region Fz. There was also a nearly significant
main effect of the conditions F (1.5, 27) =3.4, P <
< 0.059 (Fig. 2B), with higher powers under EC and
CCPT-V performing conditions and a lower power
under EO condition.

There was highly significant interaction between
the region and condition; F (2, 37) = 23.1, P < 0.001.
This situation shows that the profiles of the theta
power in the three regions were different during the
above-mentioned three conditions (Fig. 3). There was
no noticeable difference in the theta power with eyes
closed in the three regions. A switch from the eyes
open to task performing condition corresponded to a
different scenario, with the greater theta power in the
Fz and less in the Pz region. A set of paired-sample

55- uVZ/Hz

50 N

45 __’\__.<‘\7
~

0 N~‘~‘~..\ N3

354 \\\ .

So 2

30 \\\_

25

20+

15 T T |
Fz Cz Pz

Region

F i g. 3. Means of the theta power differences in three regions
(Fz, Cz, and Pz) under three conditions (EC, EO, and CCPT-V
performing, 1-3, respectively).

P u c. 3. CepenHi 3HaUCHHS PI3HUIb MOTYKHOCTI T€Ta-KOJIUBAHb Y
Tpbox 30Hax (Fz, Cz Ta Pz) npu Tppox ymoBax tectyBanHs (/-3).

120- uVZ/Hz A 120~ HV/Hz B
100+ 100+
80- 80+
60- 60
40- 407
20| 20
O = 0""Ec " Eo "cCPRV
Region Condition

F i g. 4. Means of the alpha power: A) in three cortical regions, Fz,
Cz, and Pz, and B) under three conditions, eyes closed (EC), eyes
open (EO), and performing the CCPT-V task.

P u c. 4. Cepeni 3HaYeHHS TOTYXXKHOCTI KOJIMBaHb alb(a-puTMy B
TpBOX KOpTUKanbHUX 30HaX Fz, Cz ta Pz (4) Ta mpu Tphox yMmoBax
TecTyBaHHs (04l 3aIUTIONICH], 04l PO3ILIIONICHI, BUKOHAHHS 3aj1adi
CCPT-V (B).
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t-tests was conducted to compare the rate of the theta
power in EO and performing CCPT-V in regions Fz,
Cz, and Pz.

There was a significant difference in the theta
power in region Fz for EO (M = 41.8, s.d. = 18.7)
and CCPT-V (M =51, s.d. = 25.3) conditions; 7 (19) =
=2.73, P = 0.013. A significant difference was also
observed in region Cz for EO (M =34.4, s.d. = 16.0) and
CCPT-V (M =41, s.d. = 22.7) conditions; ¢ (19) = 3.2,
P =0.005. There was also significant difference in the
Pz site for EO (M = 27.5, s.d. = 17.4) and CCPT-V
(M = 34.0, s.d. = 27.0) conditions; ¢ (19) = 2.76, P =
=0.012.

As is shown in Fig. 3, the participants demonstrated
higher theta powers compared to the eyes-open
condition in all three regions.

Alpha Range. A significant global effect of the
region was observed, F (1.1, 18.3) = 11.68, P < 0.01.
This effect indicates that the alpha power was different
in the three regions (Fz, Cz, and Pz; Fig. 4A), with a
greater power in region Pz. There was also a significant
main effect of the condition; F (1.1, 18.9) = 11.68,
P <0.01 (Fig. 4B); it means that the alpha power was
significantly different for eyes-closed, eyes-open, and
CCPT-V performing conditions, with the higher power
under EC condition and lower power with EO.

There was significant interaction between the region
and condition; F (1.1, 18.9) = 11.68, P < 0.01. This
effect is indicative for the fact that the profiles of
alpha power in three regions were different during EC,
EO, and CCPT-V performing (Fig. 5).

As it is illustrated by Fig. 3, a higher alpha power
was related to the eyes-closed condition in region Pz.

180~ [JVZ/HZ
.
160 I,'
140 ’,’
120 fll
100+ e
80- ___—".’ 4
- 3 -
60+ —~
40- h— — —— ‘/ 1
20
0 T T )
Fz Cz Pz
Region

F i g. 5. Means of the alpha power differences in three regions
(Fz, Cz, and Pz) under three conditions (EC, EO, and CCPT-V
performing, 1-3, respectively).

P u c. 5. Cepenni 3Ha4eHHS Pi3HHILb [TOTYXKHOCTI aibda-KoJHUBaHb
y Tpbox 30Hax (Fz, Cz ta Pz) npu Tpbox ymoBax tectyBaHHs (/-3).
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Comparing of the CCPT-V performing state that with
the eyes open showed that the greater alpha power was
observed in all three regions, but the difference did not
reach the level of statistical significance (P > 0.05).

A
_ MV#/Hz

70|
60-
50
40-
30
20

10

EC EO CCPT

120+ uV4YHz

100
80
60
40-

20+

EC EO CCPT

VZ/H;
2501 H ‘

200
1501
100}
50 |III
N EC ' EO '

F i g. 6. Means of the alpha power under three conditions (EC, EO,
and CCPT-V) in three regions (Fz, Cz, and Pz; A — C, respectively)
in two groups of subjects with weak and good performance in the
CCPT-V task (filled and gray columns).

CCPT

P u c. 6. Cepenni 3HaueHHS TOTY)XKHOCT1 KOJHMBaHb aib(a-puTMy
B TphOX KopTukanbHuX 30Hax Fz, Cz ta Pz (4-C) nmpu TpboX
YMOBaX TECTyBaHHS (04i 3aILTIOIIEHI, 09l PO3ILTIONICHI, BUKOHAHHS
3anadi CCPT-V) y ABOX rpymax T€CTOBAaHUX 3 YCIHIITHUM Ta MEHII
ycnimuuM BukoHaHHsIM Tecty CCPT-V (TeMHi Ta CBiT/Ii CTOBITUHKH
BIJIMTOBI/THO).
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There was no significant effect of the group on
both condition and region (P > 0.05), but Fig. 6
demonstrates that the group with better performance
in the CCPT-V showed lower alpha powers sunder all
three conditions and in three regions, specifically in
the PZ region.

Beta and Gamma Ranges. There were no
significant main effects of the region and condition;
no interactions and group effects were observed for the
beta- and gamma- range powers (all P > 0.05).

DISCUSSION

The aim of our study was to elucidate whether
the performance in a sustained attention measure
(CCPT-V) can be predicted according to the pattern
of cerebral electrical activity. In this regard, the EEG
data related to four frequency ranges, namely theta,
alpha, beta, and gamma, in three regions of the brain
(Fz, Cz, and Pz) were analyzed. The overall pattern of
the outcomes allows us to draw two conclusions.

First, there were no significant effects related to the
gamma and beta band powers. So, the results related to
the theta and alpha bands are in our focus here. As to the
theta power, there was a significant main effect of the
region. It means that the theta power was different in
three regions, Fz, Cz, and Pz (Fig. 2A), with the highest
power in region Fz and the lowest power in Pz. There
was also significant interaction between the region
and condition. This effect tells us that the profiles
of the theta power in three regions were different
during EC, EO, and CCPT-V performing (Fig. 3).
Results of pair-wise comparison showed that the
participants demonstrated significantly greater theta
powers in all three regions, while they performed the
CCPT-V compared to the eyes-open condition.

This finding is consistent with the results of
previous studies where it was found that increases in
the theta-band activity is associated with sustained
attention [19]. More pronounced increase in the theta
power was observed in the frontal midline during
performing the sustained attention task [18].

Regarding to the alpha power, our results showed
significant differences in the three mentioned regions
(Fig. 4A), with a greater power of this range in
region Pz. There was a significant main effect of the
condition (Fig. 4B); it means that the alpha power was
dissimilar for the EC, EO, and CCPT-V conditions,
with higher powers sunder EC condition and in the Pz
area. These results are in line with the results of EEG
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and fMRI studies. It is well known that EEG alpha
activity decreases in the eyes-open and increases in
the eyes-closed state [32]; a decrement of the alpha
band power is at least 20%, on average, in the eyes-
open compared to the eyes-closed state. It has been
suggested that increases in the alpha range refer to
reduced, in general, activity of the brain. Vice versa,
decreases in it refer to the intensifying brain activity
[31]. Higher alpha powers in the central and posterior
cortical regions are associated with omissions [33].
It has been shown that the alpha power decreases
during performing the CPT (a very common task of
sustained attention) [16]. In our study, however, no
significant change in the alpha power was observed
under CCPT-V condition.

Second, there was no statistically significant effect
of the group on either the condition or the region (P >
> 0.05). Looking at the Fig. 6, we, however, see
that the group with better performance in our task
(CCPT-V) demonstrated lower alpha powers under
all three conditions and in three regions, specifically
in region Pz. In a pair-wise comparison, individuals
with a good performance in the CCPT-V showed
a significant decrease in the alpha power in the
performing-task situation compared to the eyes-closed
state, while this difference was insignificant in the
weak-performance group. From all this facts, we may
conclude that, in general, a greater decrease in the
alpha power is associated with better performance in
the sustained attention task.

Our findings showed that the alpha and theta spectral
powers are related to sustained attention to some
degree. Thus, characteristics of EEG activity associated
with this type of attention give certain valuable
information for understanding the neuronal mechanisms
underlying this critical cognitive function, and also
for better understanding of neuropsychiatric disorders
characterized by impairments in attentional functions.
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EET-AKTHUBHICTh TA TECTYBAHHS CTIMKOCTI
YBATHU

! Temamcebkuii yHiBepeurer Asan, bomkuopn (Ipan).
2 ®inis Ienamcrpkoro yHiBepcurery Asan B Memxeni (Ipan).
3 Apaxcbkuii ynisepcutet (Ipan).

PeswomMme

Mu ngocaifKyBanu BiIHOLIEGHHS MiXK xapakrepuctukamu EET -
aKTUBHOCTI Ta piBHEM MOCTiifHOT yBaru y miofei. BisyanpHa
Bepcis TecTy cuinpHOro TpuBanoro BukoHaHus (CCPT-V) Oyna
BHKOPHUCTAaHA K Mipa MoCTiiiHO1 yBaru. B mocnimxenus Oynu 3a-
nydeHi 20 cTyneHTiB-100pOBOIBIIB YHIBEPCUTETY; BiIMOBIAHO
IO pe3yNbTaTiB TECTY BOHHU OyJH MOANCH] HA 1B TPYNH — YCIII-
Hy Ta MEHII ycmimHy. Byno npoananaizoBaHO CHEKTpalbHY IO-
TyxHicTh 4oTupboX pUTMiB EEI (TeTa, 4-8 I'; anvda, 8—13 I'n;
oera, 13-30 ' Ta ramma, 30-60 I'u). BiaBenenus 31iiicHOBa-
nocs Bix Tppox Touok (Fz, Cz i Pz) y Tppox ymoBax (o4i po3-
IJIIOIeH, o4l 3ammomeHi, BukoHauHs CCPT-V). Pesynbratu
MANOVA 3 moBTOPHHUMH BHUMIPIOBAaHHSIMH MOKa3aJlH iCTOTHY
3aJ€XKHICTh MOTY)XKHOCTEH anb(a- Ta TeTa-aKTUBHOCTI (aje He
OeTa- Ta TaMMa-pUTMiB) BiJl YMOB TECTYBaHHS Ta TOYOK BiJBe-
NeHHS. BB npuHaNEKHOCTI A0 Pi3HUX TPyH HE JOCATAB PiB-
HA BipOTiAHOCTI, ayie rpyna 3 ycmimrHuM BukoHaHHsiM CCPT-V
JEMOHCTpYyBaja JeL0 HUXKYI 3HAYCHHS CHEKTPaIbHOI MOTYXK-
HOCTi KOJMBaHb albda-putMmy. 3po0iieHO BUCHOBOK PO T€, IO
HEHWPOHHI CHCTEMH, BIAMOBialbHI 3a reHepainito aibda- Ta Te-
Ta-KOJIMBaHb, BIAIrPalOTh BAXKJIHMBY POJIb y 3a0e3MedYeHH] cTa-
0inbHOT yBaru.
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