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Abstract. This paper describes experimental study of cognitive performance
degradation in high school students as the response to the psychophysiological
changes in their activity support. The technique of studying the stability of
cognitive abilities of high school students has revealed significant fluctuations in
the speed and reliability of simple cognitive test tasks. A strong correlation
between subjects’ cognitive test activity and individual properties of their car-
diovascular and nervous system, as well as energy regulation and solar physi-
ological parameters (speed and density of solar wind) has been revealed
(R = 0.88… 0.91, p < 0.01). It is articulated that identified features of cognitive
activity require further investigation and clarification of the mechanisms of
regulation of such activity.
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1 Introduction

The influence of external and internal factors on an operator performance is known and
well described in articles and patents [1]. But significance and role of certain physi-
ological systems of mental performance support in relation to young people are less
studied, namely which of them change their parameters more when cognitive perfor-
mance degrades, especially in conditions of learning/training [2]. In addition, it is
possible to expect that such changes can be more acute in adolescents because of their
influence at learner performance and health [3]. Professional development of teachers
should foresee this side of teaching [4], first of all, in digital learning environment [5],
accounting systemic-structural concept to understand peculiar properties of learning
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activity [6] and as a systemic activity, in general [7], including nowadays’ requirement
of learning in lifespan [8].

Purpose. To study cognitive performance degradation in high school students as the
response to the psychophysiological changes in their activity support.

2 Method

The research method was provided as the development of the method used in our
previous research of the psychophysiological maintenance of operator cognitive per-
formance [9] and further applications to learners as operator-researchers [10, 11]. The
last modification of the technique has been improved to develop adaptive learning
systems [12].

1,5 months’ experimental research was based on the use of a computer system
SPPR (system of psycho-physiological research) to monitor the cognitive activity of
high school students. The survey includes test task performance (2 types of logical
tasks, and test for functional mobility of nervous processes’ assessment), blood pres-
sure and heart rate before and after the test performance, as well as electropuncture
diagnostics (EPD) by Nakatani [13] was conducted after the test session for each
subject (the 9th and 10th grade students, 11 subjects, participated in research 2 or 3
times per week after the necessary training): 6 subjects (1st experiment) participated in
experiments with measurement of the ECG interbit cardiointervals during the test
performance and calculation of the ECG spectrum, 5 subjects (2nd group) participated
in experiments with measurement of EPD and physiological indices described above.

The adjusted tests block included [12, p. 22]:
Short-term memory test T2, where a table with 12 random numbers from 11 to 99

was presented to a subject. The number of correctly reproduced numbers was con-
sidered as a result.

Self-assessment test T4. It’s an abridged version of Health-Activity-Mood test. The
subject was proposed to give a subjective assessment of his/her state in 7-point scale,
giving answers on five pairs of questions-characteristics.

Numbers permutation test (combinatorial) in ascending order T6. The test material:
a sequence of numbers (from 0 to 9) which were not repeated and placed in a random
order; the task was to rearrange the numbers in ascending order in a few steps, on each
one could only change 2 adjacent numbers. Time for the task performance was free (the
next task appeared just after entering the answer). The time and accuracy of the task
performance were measured.

Numbers permutation test (combinatorial) in ascending order T9. The test material:
a sequence of numbers (from 0 to 9) which were not repeated and placed in a random
order; the task was to rearrange the numbers in descending order in a few steps, on each
one could only change 2 adjacent numbers. Time for the task performance was free (the
next task appeared just after entering the answer). The time and accuracy of the task
performance were measured.
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Functional mobility and strength of nervous processes’ test T10. Average 10TT and
minimal 10 minTT time to execute the test tasks, maximum rate 10 s.min to execute
the test, time to rich it 10 t_min.

Functional mobility and strength of nervous processes’ in conditions of interference
test T11. The same indicators with corresponding index 11.

In all tests we registered time of each task performance in milliseconds, correct
(expected) and really entered answers. Besides, we used a subjective state assessment
of the examinees by means of the reduced variant of the test “General_state - Activity –
Mood” (GsAM), test T4, at the beginning and at the ending of the test session (the
indices of mood mood, serviceability FfD, attention atten, anxiety anxiety) prior to the
beginning (index “0”) estimated and upon finishing the tests performance.

As indices of physiological “cost” of activity and the human state, we registered a
heart rate HR and blood pressure (systolic ADs, diastolic ADd) by means of the digital
blood pressure monitor Model LD11. The indices HR, ADs and ADd we registered
during 5 min prior to the tests beginning (index “1”) and 5 min after finishing “2”,
relaxation). The ECG interbit cardiointervals were registered with the cardiomonitor
“Solveig”.

To check an influence of the external physical factors on the cognitive task per-
formance the solar activity was studied as in the research [13]. The data on influence of
solar activity on a human health and some physiological systems are known, however
results of study of cognitive activity associating with heliophysic parameters are not
known in the scientific literature to date. In our preliminary pilot researches the precise
connection between effectiveness of operator activity and parameters of a solar wind
(SW) was revealed. With the purpose to study this phenomenon we registered indices
of proton component of a solar wind - velocity SWsp (km/s) and density SWden
(proton/sм3) on the data from Internet site NASA, as well as parameters of the geo-
magnetic field (GMF) - planetary index Кs, index of “equivalent amplitude” A, as well
as Wolf number of the solar spots.

3 Discussion of Results

As it has been demonstrated in our previous research, the relationship between phys-
iological indices of adolescent and external factors (solar wind and atmospheric
parameters) was medium, but significant.

In our current research with the 1st group of subjects we studied relationship of
indices of cognitive tests’ performance (test T6, rate and reliability) and physiological
parameters (blood pressure, average values and spectrum of the heart rate: 3 frequency
bands - very low frequency VLF, low frequency LF and high frequency HF).

The results of the cognitive tests’ performance confirmed the fact of changing the
performance of the tests (average time and reliability of the decision of the test tasks)
during the month, and those changes were fluctuating, that can be explained by the
influence of the training load, as well as the influence of around weekly rhythms.
Besides, the analysis of combined influence of the external factors (solar wind speed
and density of its proton component at the time of testing) and physiological mainte-
nance has revealed their parameters high correlation with tests performance speed, and
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especially reliability, in cognitive tests after selection of three the most informative
independent variable in according to the standard procedure (standard package STA-
TISTICA 6.0, a stepwise regression analysis).

An important result is not only a high correlation between the indicators of cog-
nitive activity and other factors, but finding the most informative common factors
among physiological ones for both task performance rate and reliability. They were as
follows: SW density, HF, LF/HF and HR1. Besides, relationship was very high
R = 0.81 … 0.98 (p < 0.05).

In the 2nd experiment EPD indices (only upper, measured on hands) were included
into measurement of physiological parameters, as well as indices of the nervous system
mobility ones.

The results of measurements demonstrated that partial coefficients of correlation are
not very high (not higher than 0.5) for both rate of test performance and reliability in
both cognitive tests T6 and T9 (Fig. 1).

It has been revealed that the composition of the factors varies (the individuality of
people affects) for different tests and subjects, but the indices of the nervous system
features, energy balance/imbalance and indices of the solar wind were substantially
influenced, as well as some subjective indices of mood and rest.

Fig. 1. Correlation histograms for average time (M6 and M9) and reliability (rel6 and rel9) of
test performance T6 and T9
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Analysis of the effects of energy balance (by Nakatany), autonomic regulation (on
the parameters of the heart rate and blood pressure), the features of the nervous system
(in particular, functional mobility of the nervous processes) and external factors (solar
wind speed and density of its proton component at the time of testing) has revealed
their high correlation with tests performance speed, and especially reliability, in cog-
nitive tests after selection of three the most informative independent variable.

An important result is not only a high correlation between the indicators of cog-
nitive activity and other factors, but finding the most informative factors among
physiological ones. It has been revealed that the composition of the factors varies (the
individuality of people affects) for different tests and subjects, but the indices of the
nervous system features, energy balance/imbalance and indices of the solar wind were
substantially influenced, as well as some subjective indices of mood and rest. At the
same time, heart rate and blood pressure were not significant.

By selecting the 3 most informative independent variables according to the standard
procedure, a stepwise regression analysis revealed: the coefficient of multiple corre-
lation of the test performance rate (index corresponds to the test number) R6M = 0.7 …
0.93 (p < 0.01), R9M = 0.95 … 0.97 (p < 0.001); multiple correlation coefficient of
test performance, R6rel = 0.88 … 0.91 (p < 0.01), R9rel = 0.95 … 0.97 (p < 0.01). In
other words, the use of extended physiological indicators in the 2nd experiment allowed
to achieve very high accuracy of assessment of the rate and reliability of cognitive test
performance.

4 Conclusion

The technique of studying the stability of cognitive abilities of high school students has
revealed significant fluctuations in the speed and reliability of simple cognitive test
tasks.

A strong correlation between subjects’ cognitive test activity and individual
properties of their cardiovascular and nervous system, as well as energy regulation and
solar physiological parameters (speed and density of solar wind) has been revealed
(R = 0.88 … 0.91, p < 0.01).

Identified features of cognitive activity require further investigation and clarifica-
tion of the mechanisms of regulation of such activity.
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