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Цель. Изучение гендерных особенностей физиологического и психофизического 

обеспечения учебной деятельности студентов. Материалы и методы. Обследовано 32 

студента-медика (16 юношей и 16 девушек в возрасте от 19 до 22 лет). Испытуемым был 

предложен альтернативный способ сдачи коллоквиума по курсу физиологии в виде реше-

ния компьютерного тестового задания, состоявшего из 30 вопросов. Время решения теста 

не ограничивалось, задание считалось выполненным, если количество правильных отве-

тов достигало ≥50%. Исследование вариабельности сердечного ритма, гемодинамических 

показателей и психофизиологических характеристик студентов проводилось перед и сра-

зу после выполнения компьютерного контрольного теста. Регистрация кардиоинтервало-

граммы осуществлялась с использованием аппаратно-программного комплекса «Вари-

кард» в течение 5 мин. Результаты. Было продемонстрировано, что решение теста юно-

шами осуществлялось на фоне снижения значений гемодинамических показателей при 

ослаблении парасимпатических и активации симпатических надсегментарных и цен-

тральных механизмов регуляции сердечного ритма. У девушек при меньших средних зна-

чениях отмечена стабильность гемодинамических показателей и усиление надсегментар-

ных влияний на динамику сердечного ритма. Выявлены «сопряженные» пары, два компо-

нента которых включали в себя различные психофизические и физиологические показа-

тели, время и эффективность выполнения учебного задания. Общее число «сопряжен-

ных» и устойчивых пар в группе девушек как до, так и после компьютерного тестирова-

ния было больше, чем в группе юношей. Заключение. Выявлены гендерные особенности 

гемодинамического обеспечения учебной деятельности студентов. Описанную динамику 

можно рассматривать как проявление большей стабильности и относительно меньшей 

подвижности регуляторных механизмов у девушек. 
Ключевые слова: гендерные особенности; вариабельность сердечного ритма; гемо-

динамические показатели; гемодинамика; гемодинамическое обеспечение; студенты. 
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Aim of this study is to analyze gender peculiarities of physiological and psychophysical 
basis of students’ academic activity. Materials and Methods. 32 medical students (16 men and 
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16 women, 19-22 years) were examined. Students were proposed an alternative method of a col-
loquium on normal physiology in the form of a computer test. The test consisted of 30 ques-
tions, time of testing was not limited. The test was considered to be done if the number of cor-
rect answers was 50% or more. Examination of students’ heart rhythm, hemodynamic, and psy-
chological parameters was conducted before and immediately after the test. Cardio-
intervalogram was recorded within 5 minutes using Varicard hardware-software complex. The 
Students t-test, Mann-Whitney analysis, Wilcoxon analysis were used to determine the signific-
ance of differences between parameters among and within groups of men and women. Relation-
ships of the studied parameters were determined using Spearman’s method of rank correlation. 

Results. It was demonstrated that fulfilment of the test by men was associated with reduction of 
hemodynamic parameters, with reduction of parasympathetic component and activation of sym-
pathetic suprasegmental and central mechanisms of regulation of heart rhythm.  Women showed 
stability of hemodynamic parameters and increase in suprasegmental influences on the dynam-
ics of heart rhythm with lower average values. In correlation analysis conjugated pairs were 
found with the two components being different psychophysiological and physiological parame-
ters, time and effectiveness of fulfilment of the test. The total number of conjugated and stable 
parameters were higher in women than in men both before and after computer testing. Conclu-
sions. Gender peculiarities of hemodynamic basis of academic activity of students were found. 
The described dynamics can be considered a manifestation of a higher stability and relatively 
lower mobility of regulatory mechanisms in women.    

Keywords: gender peculiarities; heart rhythm variability; psychophysiological parameters; 
hemodynamics; computer test; students. 
______________________________________________________________________________ 

 
Physiological basis of intellectual activ-

ity of an individual remains an important 
question in theory and practice of academic 
processes of an individual. At present the di-
verse activity of an enormous amount of indi-
viduals is closely associated with use of com-
puter technologies. A high percentage of these 
individuals are students of higher educational 
institutions (HEI). Thus, there are noted indi-
vidual peculiarities of the autonomic processes 
involved in salvation of psychophysical tasks 
in computer testing [1]. Alongside with intro-
duction of new technologies, an important fac-
tor characterizing real activity of students is a 
considerable non-uniformity of intellectual 
and psychological loads within the academic 
year [2,3]. The main loads are experienced by 
students during examination periods [2,4]. To 
rationalize the academic process it seems im-
portant to study physiological mechanisms 
providing the current academic activity of stu-
dents in conditions of moderate loads taking 
into account composition of groups. Most stu-
dents’ groups consist of young men and wom-
en with different proportion depending on the 

specificity of a HEI. There are known some 
peculiarities in the dynamics of psychological 
and physiological parameters in individuals of 
different genderin` physical, emotional, and 
intellectual loads [5-8]. 

Aim – to identify peculiarities of the 
dynamics of physiological and psychophysi-
cal parameters in implementation of a control 
computer test by women and men.  

Materials and Methods 
In the work, a comparative analysis of 

psychophysiological, hemodynamic and car-
diointerval parameters of medical students 
(16 men and 16 women of 19 to 22 years of 
age) was carried out in the process of per-
forming a control computer test on normal 
physiology. The work was conducted on legal 
basis after signing a voluntary informed con-
sent. The test objects were offered an alterna-
tive method of taking colloquium in the form 
of a computer test on physiology of excitable 
tissues consisting of 30 questions of different 
extent of complexity. The durationof test was 
not limited. The test was considered done 
with the amount of correct answers ≥50%. 
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The research program included the fol-
lowing stages: 

1. A week before the basic test the par-
ticipants were checked for anxiety level by 
STAI method, for psychological attitude by 
Eysenck test, and for parameters of a simple 
sensomotor reaction to a moving object. 

2. On the day of the computer test the 
level of situation anxiety was determined by 
STAI method, and immediately before the 
test systolic and diastolic arterial pressure 
measurements (SAP and DAP, respectively) 
were taken by Korotkoff method, heart rate 
(HR) was determined, a cardiointervalogram 
(CIG) was recorded in II lead within 5 mi-
nutes using VARICARD hardware-software 
complex (РАМЕНА). 

3. Implementation of the computer test. 
4. Completion of the test. Repeated 

record of CIG within 5 minutes, determina-
tion of SAP, DAP and HR after the test. 

Using the obtained data, the following 
hemodynamic parameters were calculated: pulse 
pressure (PP), mean dynamic pressure (MDP), 
stroke volume and minute volume of blood (SV 
and CO, respectively), peripheral resistance of 
vessels (PRV) and cardiac cycle (CC).  

After Fourier transformation, statistical 
characteristics of a dynamic set of cardiointer-
vals was analyzed: standard deviation 
(SDNN), coefficient of variation (CV), pNN50 
– percentage of pairs of successive cardioin-
tervals differing by more than 50 msec, 
RMSDD – the square root of the sum of the 
squared differences of successive pairs of 
normal intervals (NN). On the basis of the data 
of variation pulsometry, mode (Mo), mode 
amplitude (Amo), stress index (SI) were de-
termined. Spectral characteristics expressed in 
conventional units of the total power (TP) 
were studied: high-frequency (PHF), low-
frequency(PLF) and very low-frequency 
(PVLF) components of spectrum, and index of 
centralization (IC) was calculated. 

Statistical processing of the data was 
carried out using software package Statistica 
6.0 (Stat Soft Inc., США), Office Excel 2007 
(Microsoft, USA).Statistical significance of 
values inside and among groups of men and 

women in case of normal distribution was de-
termined using Student’s t-test, for other than 
normal distribution Mann-Whitney test was 
used (for independent samples) and Wilcoxon 
test (for dependent ones). To establish interre-
lations between the studied parameters, 
Spearman’s rank correlation method was 

used. Differences were considered statistical-
ly significant at р<0.05. 

Results and Discussion 
All participants were divided into two 

equal groups 16 students in each: women (the 
1st group) and men (the 2nd group). The rating 
of effectiveness of performing the task by stu-
dents was from 19.3% to 65.0%.The average 
effectiveness of implementation of the task 
was found to be higher in women than in men 
(48.5±11.7% and 8.6±11.3%, respectively, 
p<0.05), which was probably associated with 
differences in cognitive activity in achieve-
ment of the result in implementation of the 
given type of task by individuals of both gend-
ers [7]. Comparison of psychophysiological 
parameters showed the average time of a sim-
ple sensomotor reaction to be longer in women 
than in men (274.7±17.8 msecand 261.1±17.3 
msec, respectively, p<0.05). No differences 
were noted between the groups in the mean 
time of reaction to a moving object, as well as 
in the time of doing a computer test.  

Analysis of hemodynamic parameters 
(Table 1) indicated increase in SAP, DAP, 
MDP, PRV in men and reduction of SAP in 
women after computer test. As to comparison 
between groups, it should be noted that the 
values of SAP and MDP in women were low-
er than in men both before and after the test, 
and DAP was reliably lower only before the 
test. In men reduction of parameters of hemo-
dynamics and peripheral resistance of vessels 
was observed that was not seen in women. 
These facts may be interpreted as manifesta-
tions of peculiarities, first of all, of the vascu-
lar component of a psychoemotional tension 
both before and after achievement of the re-
sult with a higher dynamism in men. The lat-
ter may be determined by a difference be-
tween the cytoarchitectonics of the 24th field 
of limbic cortex in men and women. This 
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field is closely linked with the prefrontal cor-
tex, especially in the right hemisphere [9] and 

participates in regulation of cardiac rhythm 
and of hemodynamics [10]. 

 
Table 1 

Comparative Characteristics of Hemodynamic Parameters  
in Groups of Men and Women before and after Test 

 

Parameter  
Before Test  After Test  

Group 1 
(women) 

Group 2 
(men) 

Group 3 
(women) 

Group 4 
(men) 

n  16  16 16 16 
SAP, mm Hg  115.8±11.8

++, **  131.6±13.6ˣ  109.1±11.1ˣˣ  126.0±15.4  
DAP, mm Hg  68.1±7.4*  74.3±8.4ˣˣ  65.9±6.1  70.1±10.3  
HR, beat/min  71.3±9.5  65.6±10.4  71.3±10.1  64.8±9.4  
MDP, mm Hg  84.0±8.1**  93.4±9.4ˣˣ  80.3±6.8ˣ  88.8±11.4  
SV, ml  66.7±6.1  67.9±6.9  65.4±5.9  69.5±7.3  
CO, ml/min  4757.0±825.9  4473.9±973.2  4677.9±876.5  4519.9±941.5  
PRV, dyn. с. cm-5  1445.5±258.0  1743.6±450.1ˣ  1411.4±253.6  1650.8±487.2  

 
Note:* – p<0.05 incomparisonwithgroup 2;** – p<0.01 incomparisonwithgroup 2; ++ – p<0.01 

in comparison with group 3; ˣ – p<0.05 in comparison with group 4; ˣˣ – p<0.01 in comparison 
with group 4 

 
A study of integral parameters of varia-

bility of cardiac rhythm showed the following 
regularities (Table 2). After the test men had a 
higher value of the total power of the spec-
trum. Here, in men the share of a high-

frequency component (PHF) reliably de-
creased with increase in the share of the low 
and very low frequency components of the 
spectrum (PLF and PLVF, respectively).  

Table 2  
Parameters of Variability of Cardiac Rhythm  

in Groups of Men and Women before and after Test 
 

Parameter  
Before Test  After Test  

Group 1 
(women) 

Group 2 
(men) 

Group 3 
(women) 

Group 4 
(men) 

pNN50, %  30.62±19.28  36.91±21.51  28.78±18.38  33.31±17.89  
SDNN, msec  67.31±24.44  74.13±25.88  69.69±26.09  81.81±27.22  
AMo50, %  35.10±11.47  31.59±13.64  35.24±10.87  29.82±9.27  
SI, conventional 
units  

84.38±55.15  67.94±61.13  77.38±52.22ˣ  45.38±20.81  

TP, msec2  4467.03±3004.13  4874.44±2980.38  4910.51±4001.38ˣ  6207.11±3837.72  
PHF, %  37.71±14.83  45.48±18.13ˣˣˣ  35.64±13.89  30.04±11.11  
PLF, %  48.36±13.40  39.14±12.34ˣ  45.09±11.31  44.75±10.12  
PVLF, %  13.94±7.14

+  15.37±7.22ˣˣ  19.28±8.50  25.21±10.73  
LF/HF  1.58±0.88  1.22±1.07ˣˣ  1.52±0.79  1.97±1.64  
IC  2.04±1.18  1.73±1.58ˣˣ  2.18±1.12  3.11±2.48  
HF, msec2  1749.21±1729.27  5822.00±14546.82  1572.00±1351.00  1702.17±1406.89  
LF, msec2  1952.49±1444.68  1499.74±1032.37ˣ  2086.16±2434.50  2123.63±1154.23  
VLF, msec2  510.15±444.99  613.93±531.79ˣˣ  805.05±801.42ˣ  1321.76±1133.69  

 
Note: + – p<0.05 incomparisonwithgroup 3, ˣ – p<0.05 in comparison with group 4,  

ˣˣ – p<0.01 in comparison with group 4, ˣˣˣ – p<0.001 in comparison with group 4 
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Increase in the index of vagosympathet-
ic interaction (LF/HF) and in the index of 
centralization (IC) was noted. Such a dynam-
ics evidences a reduction of influence of the 
autonomic nervous system and enhancement 
of central and suprasegmental mechanisms of 
regulation of cardiac rhythm. After the test 
the autonomic balance in men shifted toward 
the sympathetic influence. 

It should be noted that some authors in 
their works show an increase in the sympa-
tho-adrenal activity in mental load and the 
role of sympathetic influences in the dynam-
ics of cardiac rhythm and of the arterial pres-
sure in salvation of the tasks of verbal-logical 
type [11,12].The link between the condition 
of the cardiovascular system and the psy-
choemotional status was shown[4,6]. In view 
of the lower effectiveness of implementation 
of the test by men it can be suggested that dy-
namics of the heart rhythm is a cardiac com-
ponent of the emotional condition associated 
with the negative subjective evaluation of the 
obtained result. In the group of women an in-
crease in the very low component of spectrum 

(PVLF) was shown which indicated en-
hancement ofsuprasegmental mechanisms of 
regulation of heart rhythm. After the test,a 
higher value of stress-index of regulatory sys-
tems (SI) was recorded in women in compari-
son with men, which characterized sympa-
thetic component of regulation.  

Correlation analysis revealed interre-
lations between the studied hemodynamic 
and psychophysical parameters, and also 
between parameters of variability of cardiac 
rhythm (VCR), of time and effectiveness of 
performing the test. These relationships 
were designated by us as functional conju-
gated pairs. The highest number of conju-
gated pairs included two parameters of 
VCR, followed by pairs of a psychophysical 
parameter and a VCR parameter, then – 
pairs of two hemodynamic parameters and, 
at last, pairs of a VCR parameter and a he-
modynamic parameter (Fig. 1). Before the 
test a reliably higher number of conjugated 
pairs of psychophysical and VCR parame-
ters was noted in women than in men 
(p<0.05). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 Fig. 1. Main groups and composition of conjugated pairs of studied parameters  

before and after computer test in women and men 
 
Note: С – VCR parameter; H – parameter of hemodynamics; PHP – psychophysiologicalpa-

rameter; T – time of performing the test; E – effectiveness; + 
– p<0.05 in comparison between 

similar parameter inside the group after testing; *– p<0.05 in comparison between similar parame-
ter between groups of women and men 

 

AFTER TEST BEFORE TEST 

  C-C          C-H      H-H   C-PHP    H-PHP       PHP-E      H-T   C-C        C-H         H-H      C-PHP    H-PHP    PHP-E        H-T 

Women 
   

men 
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In the process of performing the test 
there were noted stable, disintegrated and 
newly formed pairs (Table 3). The total num-
ber of conjugated pairs in the group of wom-
en was higher than in the group of men both 
before and after the computer test. Here, sta-
ble pairs were predominating in the studied 

groups. After the test the share of stable pairs 
was higher and that of newly formed pairs 
was lower in women than in men. A signifi-
cantly higher number of stable conjugated 
pairs can be considered a manifestation of 
stability and of lower mobility of regulatory 
mechanisms in women. 

 

Table 3  
Dynamics of Conjugated Pairs of Studied Parameters  

before and after Test in Women and Men 
 

Number of Pairs BEFORE Test  
Dynamics of pairs  Women  Men  
Disintegrated pairs  20+  13+  
Stable pairs  40  28  
In total  60  41  

Number of Pairs AFTER Test  
Stable pairs  40*,+  28+  
Newly formed pairs  8*  15  
In total  48  43  

 
Note: * – p<0.05 in comparison with the cell to the right; + 

– p<0.05 in comparison with the 
cell below 

 
Besides this, the greatest amount of 

conjugated pairs of psychophysiological pa-
rameters and VCR parameters in the initial 
condition in women may be interpreted as 
realization of the central dominating relation-
ships providing a successful implementation 
of the intellectual test within the scope of the 
brain. It is known that the preset level of 
functioning of the whole organism has a cor-
responding equivalent level of the functioning 
of circulatory apparatus [18]. 

In the literature a relationship is noted 
between the activity of the anterior areas of the 
cerebral cortex and parameters of the heart 
rhythm [13]. There exist data that evidence 
involvement of different structures of the cen-
tral nervous system into the cognitive, affec-
tive and autonomic functions, and, in particu-
lar, into regulation of the hemodynamics and 
of the heart rhythm [14-16]. A relationship is 
established between the parameters of the 
heart rhythm and parameters of the future re-
sult in individuals who successively recog-
nized visual images [17]. Such involvement is 
probable in case of existence of dynamic con-

nections between groups of neurons that form 
a part of the centers controlling the work of the 
heart and the tone of blood vessels, and also of 
neurons responsible for the psychosomatic 
sphere and motor activity. Predomination of 
stable pairs in women probably evidences a 
higher stability of mechanisms and a wider 
interaction of centers participating in imple-
mentation of intellectual task of the given kind. 
In this case, alteration of the amount and com-
position of the conjugated pairs after the test 
will indicate alteration of the level of dynamic 
connections between the centers. 

Thus, it may be suggested that the dy-
namics of interaction between the studied pa-
rameters of the cardiovascular system, varia-
bility of the heart rhythm and of conjugated 
pairs will, according to P.K. Anokhin [19], 
provide achievement of the final useful result 
– successful fulfillment of the academic com-
puter test.  

Conclusions 
1. The test was implemented by men 

with the underlying reduction of hemodyna-
mic parameters with weakened parasympa-
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thetic and activation of sympathetic supra-
segmental and central mechanisms of regula-
tion of the heart rhythm.  

2. In women, stability of hemodynamic 
parameters was noted and enhancement of 
suprasegmental influences on the dynamics of 
the heart rhythm. 

3. Correlation analysis revealed «con-
jugated» pairs, two components of which in-

cluded the studied parameters. The total quan-
tity of «conjugated» pairs, in particular, of 

stable pairs in the group of women were 
higher than in the group of men both before 
and after computer test. The described dy-
namics of the number of stable conjugated 
pairs should be regarded as manifestation of a 
higher stability and of lower mobility of regu-
latory mechanisms in women. 

 

______________________________________________________________________________________________ 
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