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Objective. To investigate psychophysiological responses of medical students under
examination stress during the standardized final exams SSQE-2 and OSCE, and to identify gender
differences and adaptive patterns of nervous system activity.

Materials and methods. The study involved 286 sixth-year medical students of Ivano-
Frankivsk National Medical University divided into a control group (n=95) and those taking SSQE-
2 (n=82) or OSCE (n=109). Computer-based tests of reaction to a moving object (RMO) and
simple visual-motor reaction (SVMR) were used to assess psychomotor coordination and response
speed. Testing was conducted before and after exams. Statistical analysis employed the Student’s t-
test and Friedman’s test at p<0.05 significance level.

Results. A statistically significant reduction of reaction time (both RMO and SVMR) was
observed after the exams in all groups (p<0.05), indicating mobilization of the central nervous
system under moderate stress. The most pronounced improvement occurred after the SSQE-2 exam.
Gender differences appeared only in baseline reaction rates, while the overall dynamics were
similar in men and women. These findings confirm the “optimal stress” concept (Yerkes—Dodson
law), where moderate stress enhances performance, whereas excessive stress may impair cognitive
efficiency.

Conclusions. Moderate exam stress activates psychomotor responses and improves reaction
speed, reflecting an adaptive physiological mechanism. The results emphasize the importance of
stress-management strategies in medical education.

Keywords. Exam stress, medical students, psychophysiological reactions, reaction to
moving object, reaction time, SSQE-2, OSCE.

JTOCIIKEHHSA IICUXO®I3I0JOTTYHUX PEAKIIIA HA CTAHJAPTU30OBAHI
BUITYCKHI ICITMTH OCKI TA KPOK-2 CTYAEHTIB-MEJIUKIB

0.C. Manuwescovka, M.1. Miswk, 3.b. Cycaux, I.T. Toxap
lsano-Dpanxiscokuil HayioHarbHUL MeOudHull yHisepcumem, M. leano-@panxiscvk, Yrpaina

Mema. /[ocrioumu 3miHu ncuxohiziono2ivHux NOKA3HUKIE CIYyO0eHmig-meouKie nio 6nIueoM
eK3aMeHayiiHo20 cmpecy nio 4ac cKiaoanus cmanoapmuzosanux eunyckuux icnumie KPOK-2 ma
OCKI, suznauumu eeHOepHi 0coOIUB0CMI Ma a0anmueHUll Xapakmep peaxyiil Hep8oeoi cucmemu.

006°ckm i memoou oocnioxcennsn. Y oocnioxcenni 83a1u yyacms 286 cmyoenmis 6 Kypcy
meouuynozo  ghaxyiememy  16ano-DpaHKiecbkoco HAYIOHANILHO2O MEOUYHO20 YHigepcumenty,
PpOo3nooineHux Ha KoHmpoavHy epyny (n=95) i epynu, wo ckradaw KPOK-2 (n=82) ma
OCKI (n=109). 3acmocosano xomn’tomepHi mecmu peakyii Ha pyxomuii 06’ckm (PPO) ma
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npocmoi  30pogo-momoproi  peaxyii  (II3MP), ski 003601810mb  OYIHUMU CEHCOPOMOMOPHY
KOOPOUHAYII0, WBUOKICMb peacy8aHnHs Ul MOYHICMb MOMOpHUX Oiu. Tecmysanus nposoounu 00 i
nicns icnumig. CmamucmuyHull aHaniz 30iUCHIO8ANU 13 BUKOPUCMAHHAM t-Kpumepito Cmblodenma
ma kpumepito Ppiomana npu pieni suauywocmi p<0,05.

Pe3ynomamu 0ocnioxycenna ma ix 0062080pennsa. Bcmanoeneno oocmogipue cKopoueHHs
yacy peaxyii (PPO i II3MP) nicas cknadanus icnumis y ecix epynax (p<0,05), wo ceiouumv npo
Mobinizayilo  yeHmpanvbHoi Hepgosoi cucmemu ni0 Odielo  nomipHozo cmpecy. Hatibinbue
NoOKpawjeHHs NoKasHuxie cnocmepieanocs nicasa icnumy KPOK-2. [endepui giominnocmi
NPOAGNANUCS UL Y BUXIOHUX PIBHSX WBUOKOCMI PeaKyill, npome 3a2aibHa OUHAMIKA 8 YOI08IKI6 |
JHCIHOK Oyna nodionoro. Ompumari Oaui NiOMEepoNCYIOMb KOHYENYII «ONMUMATbHO20» PIBHSL
cmpecy (eqpexkm Heprca-JJoocona), 3a K020 emoyiline HANPYJICEHHA NiOGUYYE NPAYE3OaAMHICHb.
Haomipnuii pisenv cmpecy, Hagnaxu, Modice 3HUNCY8AMU KOSHIMUBHY eheKxmusHicmby, Wo 6KA3YE HA
HeoOXiOHICMb KOHMPOII0 eMOYIIHO20 CIAHY Nid 4ac icnumis.

Bucnoeku. IlomipHutl exsameHayitinutl cmpec CMuMynioe CeHCOPOMOMOPHY aAKMUBHICMb |
niOBUWYE WBUOKICMb peakyill cmyOoeHmis, wo 8i0odpadicac adanmughy 6i0nogiov opeawnizmy. Lli
pe3yibmamu Maoms NPakmudHe 3HaYyeHHs Ol Ni020moeKu MauOymHix 1ikapie i nioKpecuoomo
O00YiNbHICMb PO3BUMKY cmpameziti Kepy8aHHs Cmpecom y Hag4aibHOMY HPOYECI.

Knrwuoei cnosa. Exzamenayitinuti cmpec, cmyoeHmu-meoukuy, ncuxoqhiziono2iuni peaxyii,
peaxyis na pyxomuii 06’ ekm, weuokicmo peakyii, KPOK-2, OCKIL

Final exams are a significant stressor for medical students, and their impact on
psychophysiological state is considered both in the literature and in applied research. Exam-related
stress can substantially alter physiological indicators — for example, increasing cortisol levels and
blood pressure [1-4], as well as raising heart rate due to sympathetic nervous system activation
[2,5-8]. On the other hand, some studies show that moderate stress may accelerate reactions
(perception and information processing) and improve cognitive performance [3,9-12]. Specifically,
Puri et al. observed a statistically significant reduction (improvement) in visual and auditory
reaction times among students under exam-related stress [3,7,9,10,13], whereas Senol et al. reported
prolonged reaction times in students as cortisol levels increased during exams [4,12,14-16]. Such
contradictory findings indicate the complexity of stress effects: high stress can increase cortisol and
impair cognitive functions [1,5,6,11,15], while moderate stress can activate adaptive mechanisms.

In our study, we assessed reaction to a moving object — a measure of sensorimotor
coordination and reaction speed. Reaction to a moving object (RMO) involves stopping an object
moving at a constant speed at a designated point; the time discrepancy between the object’s stop
and the target position is measured [5,8,11-14]. The RMO task is similar to an exam situation
because it requires rapid trajectory prediction and quick motor response.

Objective. The aim of this study was to investigate changes in RMO indicators in male,
female, and combined student groups before and after final exams (control, single state qualifying
exam (SSQE-2), OSCE) using statistical analysis.

Materials and methods. Participants included 6th-year medical students at IFNMU. Three
groups were formed: a control group (non-exam), and groups of students taking the State Integrated
Exam "SSQE-2" and the Objective Structured Clinical Exam (OSCE). Sample sizes were
95 (control), 82 (SSQE-2), and 109 (OSCE). Each participant was tested twice: pre- and post-exam
(for control, over an equivalent time interval). A computer-based RMO methodology was used,
including consecutive attempts to stop a moving object. Reaction time (ms) and additional
indicators (number of anticipations, delays, etc.) were recorded. Statistical analysis was performed
using the Friedman test or paired Student’s t-test depending on data distribution. Significance was
set at p<0.05.

Results. Two key psychophysiological functions were analyzed in 6th-year medical
students: reaction to a moving object (RMO) and simple visuomotor reaction (SVMR). Results
were assessed for three subgroups: males, females, and the total sample (males + females),
Tables 1-6.

125



liriena HaceneHux Micup. Ne75 (2025)

Reaction to a moving object (RMO).
In the control

Males.
235.21+£15.45 ms (p<0.05). After SSQE-2 and OSCE exams, reaction times also significantly
decreased (p<0.05), indicating nervous system mobilization under exam stress.

Females. A similar trend was observed — reaction times decreased post-exam, with SSQE-2
and OSCE differences being statistically significant (p<0.05).

Combined group. Integrated results also confirmed improved reaction speed after exams.

Simple visuomotor reaction (SVMR).

Males. SVMR in the control group decreased from ~290 ms to ~220 ms. In the SSQE-2 and

OSCE groups, significant decreases were also observed (p<0.05).

group,

Hygiene of populated places. No.75 (2025)

reaction time decreased from 339.06+27.53 ms to

Females. Similarly, post-exam values were significantly lower than pre-exam, indicating
activation of cognitive and motor processes.
Combined group. Average reaction times decreased from ~295 ms to ~225-265 ms
depending on the exam type, with statistical significance (p<0.05).
Summary of results. For clarity, results are presented in Figure 1. All diagrams
demonstrate a reduction in reaction times (both RMO and SVMR) after exams compared to

baseline.

Table 1. RMO indicators in 6th-year medical students (males).

Age (years),

Correct reactions,

Ty_pe Age Metm Anticipations, pcs|  Delays, pcs 0cs
of final | n | (years),
assessment M:m, p pre, post, pre, post, pre, post, pre, post,
MEm,p |Mtm,p| Mtm,p | MEm,p | MEm,p| M+m,p | Mtm,p| M+m, p
Control 31 2242 548 4,82 3,26 293 1,26 221 | 33906 | 23521
group 10,17 +032 | 032 | 029 | 025 | £021 | £036] | 27,53 | £1545]
SSQE-2 | 44 22,70 570 523 493 4,98 2,55 230 | 394,05 | 321,08
0,12 +0,50 | +0,52 | 041* | +040* | +0,30* | +0,30 | #4227 | £3795*
OSCE | 36 22,94 4,75 4,47 392 4,08 1,33 147 | 344,03 | 307,36
0,13 +030 | +029 | 027 | +027* | £021 | +0,27 | £24,01 | £16,95*
Notes:
*— statistically significant changes compared to control, p<0.05;
| — statistically significant changes compared to baseline, p<0.05.
Table 2. RMO indicators in 6th-year medical students (females).
Type Age Ag?vgcears), Anticipations, pcs|  Delays, pcs Correct reactions,
of final | n | (years), il pes
assessment Mem, p pre, post, pre, post, pre, post, pre, post,
P | Mtm,p |M#m,p| Mtm, p | Mtm, p | M+m,p | M+m,p | M+m,p| M+m, p
Control 63 22,14 4,35 4,19 4,05 4,68 1,60 1,78 | 346,56 | 300,40
group 0,07 +0,19 | 0,18 | +0,18 | +0,67 | £0,15 | +0,17 | 17,70 | £14,70]
SSOE-2 | 38 22,84 553 6,00 7,21 6,11 2,16 219 | 561,87 | 341,08
+0,19 | +0,39% | £0,52* | £0,60* | +048 | £0,34 | 40,37 |[+42,40*%| +20,80
OSCE | 72 2321 411 4,18 4,64 4,68 1,28 1,28 429,7 | 41331
0,20 +0,19 | £0,20 | £0,19* | 0,20 | £0,12 | +0,20 |£23,19*%| +£19,97*
Notes:

* — statistically significant changes compared to control, p<0.05;

| — statistically significant changes compared to baseline, p<0.05.
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Table 3. Combined RMO indicators (males + females).

Hygiene of populated places. No.75 (2025)

Type Age Ag(izt\gfgrs) " |Anticipations, pcs| Delays, pcs Correct réesactlons,
of final t n ﬁje:ars), pre, post, pre, post, pre, post, pre, b post,
assessmen P M+m,p |Mtm,p| ME+m,p | M=m,p | M+m,p| M+m,p | M+m,p| M+m, p
Control 94 22,23 4,72 4,38 3,79 4,14 1,49 191 | 344,09 | 280,34
group +0,07 +0,17 | 0,16 | 0,16 | 048 | +0,12 | £0,16] | +14.86 | £11,62]
SSOE-2 | 82 22,77 5,62 5,60 5,99 552 2,37 225 | 471,82 | 331,65

+0,11 +0,32* | £0,37* | £0,37* | £0,32* | £0,23* | +023 |£31,24* |+£22,00*]
OSCE 1109 2313 4,32 4,28 4,39 44 1,30 1,34 | 400,05 | 377,24

+0,14 +0,16 | +0,16 | +0,16*% | 8+0,16 | 0,11 | +0,16* |+17,65%| £14,97*
Notes:

* _ statistically significant changes compared to control, p<0.05;
| — statistically significant changes compared to baseline, p<0.05.

Table 4. Simple visual-motor reaction (SVMR) indicators in 6th-year medical students (men).

Tupo Nurmber of Latent reaction period, Total errors,
yp - Age (years), ms pcs
of final participants,
assessment 0 M=£m, p pre, post, pre, post,

M:tm, p M+m, p M:+tm, p M:+tm, p

%?BHS' 32 224440,17 | 219,56£11,35 |18636£9,30) | 1,094026 | 0,89+024

SSQE-2 41 22,71+0,12 | 260,46+£16,84* 248,32+11,25* | 0,37+0,10* 0,59+0,20

OSCE 36 22,94+0,13 | 319,75£18,15* 296,28+13,46* | 0,44+0,16* 0,44+0,13

Notes:

*— statistically significant changes compared to control, p<0.05;
| — statistically significant changes compared to baseline, p<0.05.

Table 5. Simple visual-motor reaction (SVMR) indicators in 6th-year medical students (women).

Latent reaction period, Total errors,
Type of Number of
) - Age (years), ms pcs
final participants,
assessment n Mzm, p Pre, post, pre, post,
M+m, p M+m, p Mtm,p | M#m, p
%‘?ggg' 63 2145007 | 23932+11,05 | 19927+570] | 0,75£0,17 | 1,08£0,20
SSQE-2 36 22,89+0,19 | 264,83+1821 | 282,17+19,55* | 0,36+0,13 | 0,61+0,23
OSCE 73 23,22+0,20 365,58+14,18 | 299,6149,86*| | 0,77+1,52 | 0,36+0,09*
Notes:

* — statistically significant changes compared to control, p<0.05;
| — statistically significant changes compared to baseline, p<0.05.
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Table 6. Summary indicators of simple visual-motor reaction (SVMR) in 6th-year medical students

(men + women).

Number of Latent reaction period, Total errors,
Type of final - Age (years), ms pcs
participants,
assessment N M=£m, p pre, post, pre, post,
M=+m, p M=+m, p M=+m, p M+m, p
%‘;Z‘)HS' 95 | 22244007 | 232,66+829 | 19530+4,89] |0,86+0,14 | 1,02+0,15
SSQE-2 82 22,79+0,11 |262,51+£12,29* | 260,64+11,42* |0,36+0,08* | 0,60+0,15*
OSCE 109 23,1140,14 |350,44+11,37* | 298,47+7,92* | | 0,66+0,12 | 0,39+0,07*
Notes:

*_ statistically significant changes compared to control, p<0.05;
| — statistically significant changes compared to baseline, p<0.05.

Discussion. The results support the "stress-performance curve" concept: moderate stress
may stimulate the nervous system and improve reaction speed, whereas excessive stress decreases
efficiency [3,9,13,14,16]. Empirically, this is illustrated in Figure 1.
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Figure 1. Comparative diagram of psychophysiological reactions in male and female medical
students during final exams.
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The tabular data and diagram illustrate that moderate stress and stimulating anxiety levels
can enhance performance, including reaction speed, up to an optimal point. Excessive stress
(beyond the "peak™) leads to overload of cognitive systems and decreased performance.

Our findings align with Puri et al., who reported increased reaction speed during exam stress
(i.e., decreased reaction time) [3,7,9,10,13], likely due to attention mobilization and CNS activation.
Conversely, Senol et al. showed that cortisol elevation during exams is associated with longer
reaction times [4,7,10,12,14-16], possibly reflecting individual susceptibility or anxiety levels.

Gender differences. Males had slightly higher baseline reaction speed, while females
showed more stable dynamics, but both genders showed similar effects of exam stress: post SSQE-2
and OSCE reaction times significantly decreased (p<0.05), suggesting the mobilizing effect of
exams is universal.

RMO vs. SVMR. RMO reflects more complex sensorimotor processes (movement
prediction, coordination, accuracy), whereas SVMR represents basic cognitive-motor mechanisms.
In both cases, exams led to significant improvement, likely due to sympathetic activation, CNS
arousal, and attention mobilization.

Clinical and educational significance. Increased reaction speed during exams may benefit
future clinicians accustomed to stressful situations. Moderate exam stress can act as a "useful
stimulus™ enhancing alertness and concentration [3,5,11,16]. Extreme stress should be monitored as
it negatively affects physiological function, including hormone levels and autonomic system
activity [1,6,13-16].

Conclusions. Exams (SSQE-2, OSCE) significantly affect psychomotor responses in 6th-
year medical students. Average reaction times to moving objects decrease in all groups (males,
females, combined), indicating enhanced sensorimotor reaction speed. This aligns with the concept
of "optimal stress”, which activates the nervous system [3,7,9,10,13,15-17]. Moderate exam stress
can improve reaction efficiency and thus enhance learning outcomes and preparation of future
physicians. Excessive stress, however, has the opposite effect, highlighting the importance of
adaptation and stress-control strategies in education.
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