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Abstract. The purpose of the study was to test individual differences in sensory sensitivity
while performing signal detection and signal discrimination tasks. A total of 98 subjects per-
formed two cognitive style tests on flexibility and rigidity of cognitive control, and focusing
and scanning control, as well as two psychophysical tasks on visual signal detection (“yes/no”
method) and loudness discrimination (“same/different”), each including two difficulty levels.
Task type and difficulty level were considered as stimulation factors, and cognitive styles were
considered as individual differences factors. The effects of both cognitive styles along with the
effect of their interaction were revealed. ‘Flexible’ subjects and ‘scanners’ showed higher sen-
sitivity in signal detection compared to ‘rigid’ subjects and ‘focusers’, respectively. Whereas
no between-group differences were found in the accuracy of signal discrimination. Thus, we
revealed individual differences in sensitivity, driven by cognitive style characteristics on the
one hand, and task type on the other.
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Introduction

A large body of research has contributed to the study of stimulus factors in
psychophysical tasks performance. However, it was subsequently recognized that
the contribution of stimulation or task conditions provides only partial explana-
tion of the observer’s behavior. Nonetheless, the role of the factors, related to the
manifestation of individual differences, is still underestimated in psychophysics
[Skotnikova, Gusev, 2016; Wackermann, 2014]. In that regard, we highlight the
necessity of taking into consideration both stimulation and individual differences
factors.
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Therefore we carried out an experiment, in which task type and difficulty
level were considered as stimulation factors, and cognitive styles (CS) were con-
sidered as individual differences factors. While CS refer to individual differences
in cognitive functioning, i.e. in a way or manner of information processing [Ko-
zhevnikov, 2007], they could serve as a fruitful way of explaining individual vari-
abilities in psychophysical tasks performance.

We chose such CS as flexibility-rigidity of cognitive control and focusing-
scanning due to their relation to individual differences in control allocation,
namely, reactions to stimulus fields containing contradictory cues and attention
allocation strategies [Cognitive control. A study ..., 1959; Kozhevnikov, 2007].
In order to achieve the diversity in stimulation conditions, we developed two psy-
chophysical tasks: (1) modified visual signal detection ‘yes-no’ task (YN), and (2)
auditory signal discrimination ‘same-different’ task (SD).

Organization and Research Methods

Participants. A total of 98 participants with normal or corrected-to-normal
vision took part in the experiment.

Software & Apparatus. The experiment was run on IBM-compatible PC with
a clean Windows XP Professional 32 bit operating system, in which all back-
ground processes were turned off. The stimuli were presented on a 22” LCD mon-
itor, with a resolution of 1920x1080. Participants viewed the monitor from the
distance of 60 cm. Since our tasks suggest short duration of stimulus presentation,
the latter was administered through retrace control procedure. RT was registered
using a special USB response pad, providing the precision of = 5 ms. All experi-
ment tasks were created using ‘Practice MSU’ integrated computer system
(http://psychosoft.ru).

Stimuli. In YN task stimuli were visual patterns consisting of six letters
(Times New Roman font, size 16). The horizontal distance between letters was 35
mm, the vertical one was 55 mm. Three stimuli were used: ‘signal’, ‘noise’, and
‘distractor’. ‘Signal’ contained one target letter ‘Q’ among five letters ‘O’; ‘noise’
consisted of six letters ‘O’; ‘distractor’ contained two target letters ‘Q’ among
four letters ‘O’. In SD task stimuli were two 1000 Hz tones 200 ms duration with
ISI 500 ms. I'TT was 2500 ms for both tasks. The duration of visual pattern presen-
tation (90 or 60 ms) and difference between pairs of auditory stimuli (2 or 1 dB)
were used to provide a certain difficulty level. Each task consisted of introducto-
ry, training and main series, consisted of 10, 30 and 100 trials, respectively.

Procedure. Participants started the experiment with performing two psycho-
physical tasks. In YN task observers were instructed to answer ‘yes’ when a ‘sig-
nal’ was presented, and answer ‘no’ in case ‘noise’ or ‘distractor’ was heard. In
SD task observers were asked to assess whether the presented pairs of sounds
were the same or different in loudness. The motor responses were registered by
pressing two different USB pad buttons. We assessed nonparametric sensory sen-
sitivity index A’. After doing psychophysical tasks, the participants performed the
following CS tests: Stroop Color-Word Interference Test [Stroop, 1935], as-
sessing flexibility-rigidity of cognitive control, and Size Estimation Test [Cogni-
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tive control. A study ..., 1959], appraising focusing-scanning. We applied gener-
alized linear models procedure with LSD multiple comparisons test using IBM
SPSS Statistics 22. Median split was used in order to reveal two subgroups for
each CS.

Results of the Study and Discussion

The statistical analysis of data revealed significant differences in sensitivity
between ‘flexible’ and ‘rigid’ subjects in both easy (Wald chi-square=6,790;
df=1; p=0,009) and hard (Wald chi-square=8,228; df=1; p=0,004) YN tasks. In
particular, ‘flexible’ subjects compared to ‘rigid’ ones showed clear advantage in
accuracy of solving YN tasks (Table 1). Regarding SD task, no significant differ-
ences were found (Wald chi-square=0,057; df=1; p=0,811 — easy task; Wald chi-
square=0,544; df=1; p=0,461 — hard task).

Table 1
Mean sensitivity indices A’ in CS groups
The task difficulty Flexibility Rigidity Focusing Scanning
Easy YN task 0,837 0,765 0,775 0,831
Hard YN task 0810 0,729 0,744 0,801
Easy SD task 0,900 0,896 0,895 0,901
Hard SD task 0,796 0,811 0,813 0,793

Similar results were obtained for focusing-scanning. Thus, as can be seen in
Table 1, ‘scanners’ showed significantly higher sensitivity in both easy (Wald
chi-square=4,068; df=1; p=0,044) and hard (Wald chi-square=4,051; df=1;
p=0,044) YN tasks. Whereas no significant between-group differences were
found in SD tasks performance (Wald chi-square=0,150; df=1; p=0,699 — easy
task; Wald chi-square=0,919; df=1; p=0,338 — hard task).

We analyzed the factor interaction effects as well.
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Fig. 1. Mean A’ indices in easy (circle, solid line)
and hard (square, dashed line) YN tasks
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We found statistically significant between-group differences in sensitivity in
both easy (Wald chi-square=10,525; df=3; p=0,014) and hard (Wald chi-
square=12,771; df=3; p=0,005) YN tasks. As shown in Figure 1, the group of
flexible scanners showed distinct advantage in sensitivity compared to three other
groups. This is evidenced by multiple comparisons of group values, according to
which the group named significantly differs from other three, which, in turn,
shows substantially same sensitivity (Table 2).

Table 2
Evaluation of statistical significance of between-group differences in sensitivity index A’
(YN task)
Easy task Hard task
Flexibility-Rigidity x Focusing-Scanning Average o Average o
difference Significance difference Significance
Flexibility x | = gy ity x Scanning | -0,067 0,070 -0,077 0,042
Focusing

Rigidity x Fo- Flex?b'il'ity X Focusi'ng -0,041 0,289 -0,041 0,298
cusing Flexibility x Scanning -0,108 0,002 -0,118 0,001
Rigidity x Scanning -0,020 0,614 -0,011 0,792
Rigidity x Scan-|  Flexibility x Focusing -0,021 0,622 -0,030 0,479
ning Flexibility x Scanning -0,088 0,024 -0,107 0,007

Note. Significant (p<0,05) and quasi-significant (0,05<p<0,1) differences are highlighted in bold.

However, as can be seen in Figure 2, no significant between-group differ-
ences were not found for SD task performance (Wald chi-square=0,442; df=3;
p=0,931 — easy task; Wald chi-square=1,304; df=3; p=0,728 — hard task).

Mean A' in SD task
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Fig. 2. Mean A’ indices in easy (circle, solid line) and hard
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Conclusions

The results indicated that ‘flexible’ subjects and ‘scanners’ showed higher
sensitivity performing YN task compared to ‘rigid’ subjects and ‘focusers’, re-
spectively. Moreover, ‘flexible scanners’ were found to be the most successful
group compared to others. We suggest that it is due to their ability to analyze the
incoming stimulation in depth while paying attention to various features of visual
field, ignoring those irrelevant to the task requirements, at the same time [Cogni-
tive control. A study ..., 1959; Kozhevnikov, 2007].

It is noteworthy that we obtained similar results for both flexibility-rigidity
and focusing-scanning CS, as well as their interactions. In particular, significant
between-group differences were found only in YN tasks, not in SD ones. We sug-
gest that one of the possible explanations of this finding may be the difference in
task conditions. Thus, the procedure of YN task implies the necessity to inhibit
automatic impulsive response ‘yes’ to ‘distractor’ — the stimulus with two target
letters instead of one. Since both ‘flexibility’ and ‘scanning’ CS dimensions refer
to the inhibition of automatic reactions to irrelevant stimulation [Kozhevnikov,
2007], correspondent groups showed advantage in accuracy of solving YN task.
Thus, the successful performing of Stroop and Size estimation tasks includes the
need to inhibit automatic responses and pay no attention to irrelevant stimulation
features [Cognitive control. A study..., 1959; Kozhevnikov, 2007]. Moreover, the
Stroop test, in particular, is related to the inhibition mechanism of executive con-
trol functions [The unity and diversity ... , 2002]. A SD task, in its turn, does not
require the incorporation of such CS resources, and therefore both groups reached
the same level of task performance.

Thus, our approach allows considering both individual differences and stimulus
factors, determining observer’s performance. We found individual differences in psy-
chophysical tasks performance, driven by CS characteristics on the one hand, and a
type of the task on the other. We developed the modification of ‘yes-no’ task that al-
lows “provoking’ the manifestation of CS related to control allocation.
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KoruutuBHO-cTHIIEBBIE Pa3/In4Yus Kak GpaKTop
3¢ PeKTUBHOCTH 00HAPYIKEHUS U PA3JIUYCHUS CEHCOPHBIX
CUTHAJIOB

A. H. T'yces

Mockosckuti eocydapcmeennulii yHueepcumem um. M. B. Jlomonocosa,
2. Mockea, Poccus

H. H. Bonkosa
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Annoranus. Ilens nccieqoBanus — OLIEHUTH BKJIa[ KOTHUTHBHO-CTHIIEBEIX OCOOEHHOCTEH KaK
Ba)KHBIX WHIUBHIYAIBHO-TICHXOJNIOTHISCKUX Pa3IHIuil HabionaTeneld B 9QEeKTUBHOCTE pe-
HICHUSI CECHCOPHBIX 3aJav I1o 06Hapy)1<eHmo 1 PasjInuCHUIO 3PUTCIIBHBIX U CIIYXOBBIX CHUI'Ha-
7I0B. 98 yYaCTHUKOB MCCIIEIOBAHUS BBIMOIHIIA KOMITBIOTEPHBIE TECTHI, TI0 pe3yIbTaTaM KOTO-
PBIX OLICHUBAJINCh KOTHUTHUBHBIC CTHUIIN: T‘I/I6KOCTI/I — PUTHOIHOCTH KOIHUTHUBHOI'O KOHTPOJISA U
(hOKyCHpPYIOLIET0 — CKaHUPYIOIET0 KOHTPOJS. Pelmanich ABe MCHMXO(pH3MYECKUE 3aJaud I10
00HApY)KEHHIO 3PUTEIFHOTO CUTHaNa Ha (QoHEe moMmeX (METOA «Ia— HET») M Pa3IMuCHHIO
TPOMKOCTH JIByX TOHAJBHBIX CHTHAJIIOB (METOI «OAWHAKOBBIC — pasHble»). Kaxnas 3amaua
BKJIIOYaa OOHApY>KEHHE U Pa3IMYEeHNe CUTHAIOB JIBYX YPOBHEH CIIOXKHOCTH. THI 3a1aun U ee
CJIOHOCTh PacCMaTPUBAJIHMCh HAMH KaK CTHMYJIbHBIC (PaKTOPbI, 2 KOTHUTHBHBIE CTHIIH — KaK
(hakTOpBl MHAMBHUIYAIBHO-TICUXOJIOTMYECKUX pa3nuunii HaOmoaateneii. C MOMOIIBIO CTaTH-
CTUYECKOTO aHanu3a ObUIM OOHapyxeHbl 3(QQEKTh BIUSHUS 00OUX KOTHUTUBHBIX CTUIIEH, a
takke 3PdexT uX MexK(PaKTOPHOTO B3aUMOJCHCTBUS. AHAIM3 pPE3yJbTATOB IOKA3al, YTO
«(rreKCHONIBHBIC» HAOIIONATENH M «CKAaHUPOBIIUKNY JIEMOHCTPHPYIOT O0jiee BBICOKHIT ypo-
BEHb CEHCOPHOI YyBCTBUTEIHEHOCTU NPH OOHAPYKEHUH 3PUTENBHOTO CHTHAJA 110 CPAaBHEHHIO
C «PUTHIHBEIMI» U «()OKYCHPOBIIMKAMI». B TO *ke Bpems: He ObUIO 0OHAPYKEHO MEXKIPYIIIIO-
BBIX Pa3NHYMid B TOYHOCTH PA3THMUYEHUsI CUTHAJIOB IO TPOMKOCTH. TakuM 00pa3oM, yCTaHOBIIe-
HO, YTO, C OJHOH CTOPOHBI, KOTHUTHBHO-CTHJICBBIE OCOOCHHOCTH ONPEIEIISIOT PasiIMius B CCH-
COPHOM YyBCTBUTEIBHOCTH, a C APYTOM — 3aBUCST OT THIA U TPEOOBAHUI CCHCOPHOM 3a/1auH.

KuarwueBble ciaoBa: ncnxod)mm(a, KOI'HUTHUBHBIC CTHUIIH, 06Hapy>1<eHI/Ie CurHaia, pasjin4yeHue
CUTHAJIOB, CCHCOpHAs YyBCTBUTCIBHOCTD.
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