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Adolescence is characterized by increased reactivity to stress factors, among the
sources of which the educational environment plays a significant role. The content of
education and educational process organization, as well as interpersonal relationships,
is the predominant stress factors of the educational environment. In the context of
education reform, new pedagogical projects are being introduced, in particular, on the
basis of meritocratic education, providing for the intensification of the educational
process. It may affect the state of the autonomic regulatory systems of students. The
purpose of the research is to study the activity level of autonomic regulatory systems
among students of secondary school, who are studying in meritocratic and traditional
gymnasium education systems. The study involved 60 students: 42 studied in
meritocratic system (19 in SG-1, 23 in SG-2), and 18 in traditional system (SG-3).
Heart rate variability (HRV) was used as a physiological marker of stress. ECG was
recorded during 5 minutes in a darkened room in a rest state with closed eyes in a
sitting position at the 5th, 6th and 7th grades. Intergroup comparisons of HRV parameters
were carried out according to the Mann-Whitney, Kruskell-Wallis, Dunnett criteria, and
the φ-criterion of the angular Fisher transformation. Differences were considered
significant at р<0.05. In the 6th grade, there was a tendency (0.05<р<0.07) to lower
values of Mean, SDNN, TR, ΔX, RMSSD, pNN50 among students in meritocratic system
compared to the traditional one. However, this trend reached the level of statistical
significance in the students of SG-1 compared to the control (SG-3). In meritocratic
education different student groups differed in the level of school stress in 6th and 7th
grades. Students in SG-1, compared to SG-2, characterized by lower values % HF,
HFn, pNN50 against the background of higher values of % LF, LFn, LF/HF, IC, CC1,
CC0. Thus, a higher level of school-based stress in conditions of meritocratic education
is determined not so much by the intensification of the educational process as by
social factors of the educational environment and/or individual typological traits of
students.
Keywords: autonomic and central nervous regulation, heart rate variability (HRV),
school-based stress, meritocratic education, adolescents.

Introduction
The period of study in primary school includes the
processes of self-identification of the individual against
the background of interconnected but heterochronous
changes in the biological, cognitive, emotional and social
functioning of the organism [14]. That is why adolescence
is considered a period of increased susceptibility to stress
[12, 33]. Sources of stress in adolescence can be various
factors, including the educational environment [11, 12, 18].
Stressful situations are common in the educational
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environment and affect students on a daily basis [25, 32].
In particular, in a study by Sripongwiwata S. et al. [32]
identified the following factors of school stress: the content
of educational material, methods of teaching and learning,
personal experiences related to learning, interpersonal
relationships with teachers and classmates, group social
factors. The leading factors of school stress are the content
of education and the organization of the educational
process, namely: a large amount of educational material;
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difficult to understand the content of education; too tight
training schedule; lack of time for repetition and consolidation
of educational material; too frequent control of knowledge;
final evaluation; unfair evaluation system; competitive
educational environment. As pupils move to higher levels in
the education system, they face higher academic
requirements and expectations. The need to meet these
expectations and academic requirements can also be a
source of stress in adolescence. Thus, it was shown that
among 11-year-old pupils the level of school stress was
stable, while school stress increased in 13- and 15-yearold pupils [18]. According to research by Krivolapchuk I. A.
[16], the highest psychophysiological "value" of intensive
intellectual activity is inherent in pupils at the beginning of
school and during puberty.
Previous research has shown that school stress can
interfere with pupils' academic performance [13], probably
due to the negative impact on memory processes [29, 36].
In addition, stress can prevent the integration of new
information into the existing knowledge structure, which can
complicate a deep multidisciplinary understanding of the
learning material. In addition, stress, changing the balance
between memory systems, can interfere with the creative
solution of complex and/or new problems, which, in turn,
can lead to underestimation of pupils' abilities and
underestimation of their self-esteem [37].
A study of school stress in more than 18 countries in
North America, the United Kingdom, Eastern Europe, the
Nordic countries, and Germany found a trend toward marked
increases in adolescent school stress between 1994 and
2010 [15].
These data are a good basis for monitoring the level of
school stress among Ukrainian pupils, as our education
system is currently undergoing significant reforms and
educational institutions are gaining considerable autonomy
in determining the content of education and the choice of
forms of educational process. In particular, in 2008 the allUkrainian pedagogical project "Intellect of Ukraine" was
launched on the basis of meritocratic education with the
use of educational models of acceleration, deepening,
enrichment and problematization [8]. As you can see, the
methodological basis of the project involves the
intensification of the educational process, which is a leading
factor in school stress.
Adolescents' adaptation to school stress and academic
load places increased demands on regulatory systems,
which are already stressful due to the puberty of pupils. Such
an imbalance between the load on the system and its
capabilities often causes the development of autonomic
dysfunction and mental disorders in adolescence [6, 9, 24].
In the study of stress among pupils' youth traditionally
use the assessment of the autonomic nervous system or
hypothalamic-pituitary-adrenal system [26]. In the current
study, we chose to assess the state of the autonomic
nervous system in terms of heart rate variability (HRV), as
HRV is considered a standard, reliable and non-invasive
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tool to provide a comprehensive, quantitative and qualitative
assessment of the autonomic nervous system [31]. In
addition, HRV parameters are recognized as a reliable and
sensitive marker of both physical and psychological stress
[2, 7, 35], in particular school stress [21, 30], or stress
resistance [4].
HRV at different stages of ontogenesis is considered as
a reliable biomarker of downward regulation of emotional,
cognitive and behavioral processes [10]. The optimal level
of HRV is related to health and the ability to self-regulate, as
well as the ability to adapt and resistance. Higher HRV at
rest is a sign of better management of emotions and stress,
higher executive productivity and better social functioning
[17, 27, 35].
High HRV indicates a healthy and adaptive autonomic
support system, while low HRV may be an early indicator of
abnormal functioning of the autonomic nervous system [5,
23]. High sympathetic modulation (LF, LF/HF), decreased
vagus activity (HF) are typical markers of stress [28] and
subjective perception of stress as stronger [26].
The aim of our study was to examine the level of tension
of autonomic regulatory systems as an objective marker of
school stress, among primary school pupils studying in
meritocratic and traditional high school education systems.

Materials and methods
The study involved 60 students, of whom 42 studied
according to the meritocratic system in two educational
groups (SG-1 (n=19) and SG-2 (n=23)), and 18 - according
to the traditional system (control group, SG-3). HRV
measurements in this group of students were performed
three times during the entire observation period: in the 5th,
6th and 7th grades.
5-minute electrocardiogram recording (II standard lead)
was performed in a darkened room in a state of quiet
wakefulness with closed eyes in a sitting position using the
hardware-software complex "BrainTest" (SPE "DX-system",
Kharkiv, Ukraine). Mathematical analysis of cardio signals
was performed using the module "Cardio Tension Test" of
the application package "NeuroResearcher® Innovation
Suite, V. 17.5" (LLC "Institute of Medical Informatics and
Telemedicine", Kharkiv, Ukraine).
The following groups of HRV indicators were analyzed
[1, 19]: statistical - mean cardiocycle duration (Mean), mode
(Mo), standard deviation (SDNN), variation scatter (ΔХ), mode
amplitude (AMo), coefficient of variation (СVr), percentage
pairs of cardio intervals with a duration difference of more
than 50 ms (pNN50); spectral - total power of the spectrum
(TP), absolute power of low-frequency (VLF), low-frequency
(LF) and high-frequency (HF) components of the spectrum,
the relative power of these components (respectively VLF
%, LF %, HF %), normalized power of these components
(LFn, НFn), sympathetic-vagal balance index (LF/НF),
centralization index (IC=(LF+VLF)/HF); autocorrelation - the
value of the correlation coefficient after the first shift (CC1),
the number of shifts of the autocorrelation function to reach
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the value of the correlation coefficient equal to 0 (CC0).
Based on a set of quantitative indicators of HRV, the
integrated indicator of regulatory systems activity (IARS) was
calculated [1].
The median and interquartile scatter were chosen as a
measure of the central trend and distribution, because the
analysis by the Shapiro-Wilk criterion for most of the studied
parameters refuted the hypothesis of compliance with the
law of normal distribution. To test the hypothesis of equality
of measures of the central trend in pairwise comparisons,
the Mann-W hitney test was used, and for multiple
comparisons, the nonparametric ANOVA by the KruskalW allis test followed by a posteriori comparison by the
Dunnett test. Nominal features were described as a
percentage, and their pairwise comparison was carried out
by the φ-criterion of Fisher's angular transformation.
Differences at p<0.05 were considered significant.
The study was conducted in accordance with the
bioethical norms of the Declaration of Helsinki (as amended
in 2013) after obtaining the written consent of parents and
oral consent of students and approved by the Bioethics
Commission of the Institute of Child and Adolescent Health
of the National Academy of Medical Sciences of Ukraine.

Results
It was found that during the period of study in 5th and 7th
grades the state of vegetative regulatory systems of pupils
studying according to the traditional and meritocratic system
of education is similar, which is indicated by the absence
of statistically significant differences in all studied
parameters of HRV. The typical structure of the HRV
spectrum in the state of relative rest in both groups is
represented by HF>LF>VLF, which indicates the prevalence
of the autonomous control circuit over the central one.
At the same time, during the period of study in the 6th

grade we observed a tendency (0.05<p<0.07) to a shorter
duration of the cardiocycle by 6.7 % (p=0.07), lower heart
rate variability by 14.6 % according to SDNN (p=0.06).) and
35.0 % according to the TP indicator (p=0.06) for pupils
studying according to the meritocratic system of education.
In these pupils, the tendency to decrease the total HRV
was observed against the background of the tendency to
weaken parasympathetic activity (lower values of ΔX (by
9.3 %, p=0.053), RMSSD (by 30.7 %, p=0.07), pNN50 (by
41.9 %, p=0.07)).
Based on the individual analysis of the activity of
regulatory systems of pupils studying in different education
systems, according to IARS, it was found that only a third of
primary school pupils have optimal activity of autonomic
regulatory systems (Fig. 1).
Note that statistically significant differences in the
distribution of pupils by activity levels of regulatory systems
depending on the education system we did not find. At the
same time, in the three-year interval of observation of primary
school pupils, the share of students with overstrain of
regulatory systems was 1.5-2 times (p>0.05) higher than
the meritocratic system of education compared to the
traditional one. This category of pupils is characterized by
a lack of adaptive-compensatory mechanisms that are
unable to provide an adequate response of the organism
to the influence of environmental factors. This is due to the
fact that excessive activation of regulatory systems does
not lead to an increase in functional reserves, as they have
already reached the upper limit.
However, it should be noted that if in the 5th grade the
share of pupils with depletion of regulatory systems was
almost the same (4.8 % for meritocratic training and 5.6 %
for traditional training, p>0.05), then later this category of
pupils disappeared during meritocratic training, while in
traditional education it almost doubled in the 6th grade and

Fig. 1. Distribution of primary school pupils who study according to meritocratic (I) and traditional (II) education systems, according to the
levels of activity of regulatory systems.
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Table 1. Differences in HRV indicators of SG-1 and SG-3 pupils.
Groups

Meritocratic training, SG-1 (n=19)
Median

Indexes
Mean, mc
АMO, %
∆Х, mc

Lower quartile

Upper quartile

Median

Lower quartile

Upper quartile

698.5

р=0.08

638.1

780.6

746.7

676.9

816.2

10.36

р=0.07

7.563

12.07

7.891

6.453

10.41

225.0

414.0

353.5

316.0

445.0

5.591

9.332

8.014

7.231

10.08

247.5*

СVr,%

Traditional education, SG-3 (n=18)

6.891

р=0.08

SDNN, mc

47.55*

35.28

86.33

62.36

47.45

76.18

RMSSD, mc

34.18*

30.35

53.21

62.14

44.65

79.75

pNN50, %

15.84*

9.534

32.66

42.17

26.08

52.54

TP, mc2

784.7*

444.8

2668

1635

798.0

2068

65.37

222.9

144.3

89.13

194.9

154.2

648.6

906.0

481.2

1327

VLF, mc
HF, mc

2

2

124.8

р=0.07

358.2*

Notes: * - probable (р<0.05) differences between SG-1 and SG-3 pupils.

returned to the initial level in the 7th grade. This category of
pupils is characterized by asthenia of regulatory
mechanisms and the appearance of specific morphofunctional signs of maladaptation.
Since the level of school stress is determined not only by
factors related to the content of educational material and
organization of the educational process, but also by factors
of interpersonal relationships and individual-typological
properties of pupils, we conducted a comparative analysis
of HRV parameters of pupils studying meritocratic system.
different training teams (comparison of SG-1 and SG-2),
followed by comparison with the control group (comparison
of SG-1 and SG-3, SG and SG-3).
Comparing the two classes that studied the meritocratic
system, we observed the following picture: in the 5th grade
there were no significant differences in the activity of
autonomic regulatory systems. In the 6th grade, pupils of
SG-1, compared with SG-2, tended to higher values of % LF
(45.5 %, p=0.054), LFn (44.0 %, p=0.07), LF/HF (by 79.9 %,
p=0.07) and lower values of HFn (by 19.9 %, p=0.07). This
indicates that students of SG-1 show a tendency to excessive
autonomic support of the heart in conditions of relative rest,
mainly due to the shift of autonomic balance towards
sympathicotonia against the background of reduced specific
activity of the vagus.
In the 7th grade, in pupils of SG-1, compared with SG-2,
there was not only a significantly lower specific activity of the
parasympathetic division of the ANS (HFn - by 31.5 % (p<0.05),
% HF - by 36.4 % (p<0.05), pHN50 - by 52.9 %, (p=0.054)),
but also the tendency to lower absolute activity (HF - by
44.7 %, p=0.07). Instead, the specific activity of the
sympathetic nervous system was significantly higher (% LF
- by 53.1 % (p<0.05), LFn - by 47.0 % (p<0.05)). As a result, in
SG-1 pupils, the sympathetic-vagal balance was significantly
shifted towards sympathicotonia (LF/HF was higher by
114.7 %, p<0.05), compared with SG-2. In addition, SG-1
pupils were characterized by a higher level of centralization
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of heart rate control (IC higher by 73.9 %, p<0.05), which was
accompanied by the establishment of a close relationship
between autonomous and central control circuits (CC1 higher
by 20.6 %, CC0 higher by 200.0 %, p<0.05) and the transition
from the intra-systemic level of maintenance of autonomic
homeostasis to the intersystem level with the involvement of
higher vegetative centers of the hypothalamic-pituitary level
(% VLF higher by 35.0 %, p=0.07).
It is interesting to note that despite the differences in
some indicators of HRV between pupils of SG-1 and SG-2,
there was no significant change in the structure of the
distribution of the integrated indicator of the activity of
regulatory systems. This is due to the fact that the values of
IARS fell into the same functional class (mainly the voltage
of regulatory systems), despite the change in the value of
the indicator.
Comparing SG-2 and SG-3, we found significant
differences only among 7 th grade pupils in terms of CC0,
which was lower by 76.0 % among pupils of SG-2
(p<0.05). Also, SG-2 pupils had a tendency to lower values
of the centralization index (by 46.1 %, p=0.07) against
the background of a tendency to higher values of % HF
(by 34.3 %, p=0.08). This indicates a lower level of
relationship between the central and autonomic circuits
of heart rate regulation due to the tendency to lower
centralization of control and higher specific activity of the
vagus in pupils of SG-2 compared to the traditional
system of education.
At the same time, when comparing SG-1 and SG-3,
significant differences were found only in the 6th year of study,
which concerned many of the studied parameters of HRV
(Table 1).
It was found that SG-1 pupils, compared with SG-3, were
characterized by lower overall heart rate variability (SDNN by 16.0 % (p<0.05), TP - by 43.3 % (p<0.05)) against the
background of lower absolute activity of the parasympathetic
nervous system. systems (ΔХ - by 16.0 % (р<0.05), RMSSD
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- by 34.5% (р<0.05), pNN50 - by 55.5 % (р<0.05), HF - by
64.7 % (р<0.05), СVr - by 6.5 % (p=0.08)). At the same time,
there was a tendency to increase the sympathetic effects
on the heart (AMO higher by 29.6 %, p=0.07), which is
reflected in the tendency to a shorter duration of the
cardiocycle (by 6.8 %, p=0.08). At the same time, there was
a tendency to lower absolute activity of higher vegetative
centers (VLF - by 33.4 %, p=0.07). This is probably a sign of
an imbalance between the central and autonomous control
circuits.

Discussion
As far as we know, this is the first study that studied the
dynamics of the functional state of the autonomic regulatory
systems of pupils during their studies in primary school
with meritocratic education. The obtained results show that
the 6th year of study is a turning point in the formation of
mechanisms of vegetative regulation of pupils.
The presence of significant d ifferences in HRV
parameters among pupils studying under the meritocratic
system, compared to the traditional system, depended on
the teaching staff (comparison to SG-1 and SG-3, SG-2 and
SG-3) and the year of study. At the same time, the two training
groups that studied according to the meritocratic system
also differed in the state of vegetative regulatory systems
(comparison of SG-1 and SG-2). This suggests that the level
of school stress in meritocratic education is determined not
so much by the intensification of the educational process
due to the use of educational models of acceleration,
deepening, enrichment and problematization [8], as
interpersonal relationships in educational teams and/or
individual psychological characteristics of pupils.
This assumption is consistent with the literature that
adolescents are more responsive to social and industrial
stressors than children [12, 33]. During this period,
relationships with peers become increasingly important,
which means that social stressors that arise in the context
of peers can have a particularly strong impact [20].
No significant differences in the HRV indicators of SG2 and SG-3 pupils during grades 5-6 were observed, but in
grade 7 there was a significant weakening of the
relationship between the autonomous and central control
circuits against the background of declining centralization
of management and specific increase of vagal influences
in the conditions of relative rest at meritocratic education.
This is a sign of constant regulation at the intra-system
level and a marker of physiologically lower cost of
educational activities and higher adaptability among
students of SG-2.
Pupils SG-1, differed from SG-2 (6-7 class) and from
SG-3 (6 class) by lower overall heart rate variability. Low
variability can be an early indicator of abnormal ANS
functioning [5] and stress [23]. Lower HRV is seen as a
sign of limited ability to regulate emotional state, executive
productivity and social functioning [3, 17, 27, 35].
Compared with SG-2, in pupils of SG-1 observed
№38, Page 47-53

excessive autonomic support of cardiac activity due to
increased specific activity of the sympathetic nervous
system and higher autonomic centers. Compared with SG3, in SG-1 pupils observed a decrease in the absolute
activity of the parasympathetic nervous system with a shift
in autonomic balance toward sympathicotonia due to
activation of the hypothalamic-pituitary-adrenal system. This
type of autonomic support of cardiac activity may indicate
the depletion of intra-systemic mechanisms of
homeostasis under the influence of school stress. Thus,
in grades 6-7, SG-1 pupils were characterized by a higher
level of school stress compared to SG-2 and SG-3 pupils.
According to the literature in children and adolescents,
low vagus nerve tone at rest is associated with increased
emotional reactivity, poor attention and inhibitory control of
the prefrontal cortex, as well as a deficiency of many aspects
of emotion regulation [21, 27, 34].
SG-1 pupils were characterized by higher LF/HF values
against the background of lower HF values, compared with
SG-2, which is a sign of subjective perception of a stressful
situation (in our case, the learning process) as stronger
[26]. In addition, the literature suggests that peer problems,
anger, anxiety, and sadness were associated with lower
RMSSD and HF values, and anxiety and anger were
associated with higher LF/HF ratios [23]. Adolescents with
low vagus nerve tone are particularly prone to internalization
problems after exposure to stressors [20].
An increase in LF and LF/HF values with a concomitant
decrease in HF power, along with a significant decrease in
SDNN values observed in SG-1, indicates a weakening of
vagus tone [2] and is a physiological marker of stress [28]
and is classified as autonomic neurophysiological status,
which requires the attention of a specialist for proper and
adequate management of autonomic tone and counseling
to prevent autonomic dysfunction [2].

Conclusions
1. The 6 th year of study is a sensitive period in the
formation of autonomic regulatory systems, which
increases the body's sensitivity to the influence of
environmental factors. One third of primary school pupils
has optimal activity of autonomic regulatory systems.
2. Under the meritocratic system of education in 6th grade
there is a higher level of stress of the autonomic regulatory
systems, which is inversely proportional to the adaptive
potential of pupils. The higher "cost" of adapting to
meritocratic education in 6th grade compared to traditional
education requires the introduction of more thorough prenosological screening of pupils' health during this period
of study.
3. The level of school stress in meritocratic education
is determined not so much by the intensification of the
educational process, as interpersonal relationships in
educational teams and/or individual psychological
characteristics of pupils.
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