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The paper presents the results of the assessment of neurodynamic
characteristics and correlation of cognitive activity parameters of students with
individual neurodynamic characteristics following the criteria of Sustainable
Development Goal 3 "Good health and well-being" (SDG 3). The study was
conducted in a cohort of female students aged 17-19 (n=111) of the South Ural
State Humanitarian Pedagogical University during the inter-sessional period.
Diagnostics of neurodynamic characteristics of students was carried out using
the hardware and software complex "NS-pSychoTest". Descriptive statistical
analysis of data and correlation analysis were carried out in the environment of
Statistica v. 7.0. The results of sensorimotor response presented in the article
reflect the optimal level of adaptive regulation of the cerebral component of
activity in the majority of the surveyed pedagogical university students in the
conditions of their educational and professional activities, which is reflected in
the relative stability of cerebral processes with average functional mobility and
the optimal level of neurophysiological regulation of CNS activity in the
conditions of sensory interference of the students of the cohort of the survey.
The paper reveals the interrelationships of neurodynamic indicators with
various characteristics of cognitive testing, which indicates the success of the
development of educational programs.
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1 Introduction

Sustainable Development Goal (SDG) 3, related to ensuring a healthy lifestyle and promoting well-being for
everyone at any age. It is one of the Sustainable Development Goals proclaimed by the UN for the period up to
2030. SDG 3 significantly expands the Millennium Development Goals in ensuring a healthy lifestyle and
promoting well-being for all at any age - important components of sustainable development (Riebe et al,,
2003; King et al., 2007). Combining these aspects into one goal is an important step towards solving the task
of building the capacity of all countries in the field of early warning, risk reduction, and management of
national and global health risks. Therefore, SDG 3 is an important factor in the way to a sustainable future of
using the neurocognitive aspects of education (Benson et al., 2020).

The relevance of the problem of neurodynamic determinacy of individual differences in cognitive activity
of students is determined by one of the most important tasks of the modern educational system - the search
for ways to improve the effectiveness of learning (Ahmadi & Tani, 2017). The study of psychophysiological
patterns in the formation of individual variations of cognitive activity of students at various stages of
ontogenesis (Andrews et al, 2011). This is a condition for solving the problems of developing innovative
technologies to improve the quality of the educational process.

Numerous studies have been devoted to theoretical and empirical developments of the problem of the
cognitive foundations of individual differences in the academic success of school-age children (Bayguzhin &
Pracheva, 2014; Litvinova, 2008; Tikhomirova, 2016). Difficulties in studying the psychophysiological
foundations (including cognitive ones) of academic success are due to the lack of a unified approach to the
analysis of results, the "fragmentation” of methodological tools, age and socio-cultural differentiation of the
surveyed contingent, and other reasons.

In has been developed of T.N. Tikhomirova, a conceptual structural and functional model based on
individual differences and academic success. In this model, the indicators of information processing speed,
working memory, sense of number, and nonverbal intelligence were determined as elements of the cognitive
basis of academic success. At the same time, the author notes the lability, variability at various stages of
development, integrative and probabilistic nature of the assessment of the cognitive foundations of academic
success. In addition, the author also notes the need to take into account environmental factors when assessing
individual psychological characteristics (Tikhomirova, 2016).

Cognitive activity can be defined in general terms as activity in the process of cognition, the ability to
perceive and process external information. Manifestations of cognitive activity are a set of mental processes
(perception, attention, memory, thinking, imagination, speech, emotions) and mental states (beliefs, desires,
intentions) of a person. In the Western scientific school, cognitive activity is interpreted as behavior caused by
cognitive (cognitive) reasons (McLaughlin et al,, 2007; Lachman et al., 2010).

Various parameters of cognitive activity as a complex psychophysiological phenomenon are caused by
numerous factors. So at present, a large number of studies are devoted to the study of the interrelationships of
cognitive functions and physical activity due to the property of neuroplasticity (Hotting & Rdder, 2013). In
particular, increased neurogenesis, synaptogenesis, angiogenesis, and neurotrophin release have been shown
as neural mechanisms mediating pronounced behavioral cognitive effects of physical exertion (Laidra et al.,
2007).
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The category of "behavior effectiveness” in the literature is considered in the context of the theory of
organization and management. Within the framework of this approach, the behavior of an individual is
understood as a socially conditioned activity, which has natural prerequisites. The behavior of an individual
(PI) can be described by the simplified formula Pi = f (I, E), where I is the individual characteristics of the
subject, his innate properties, and characteristics, and E is the environment surrounding the individual in
which the process of his socialization takes place. The behavior of an individual is characterized by causality,
purposefulness, motivation, and measurability of the observed characteristics. According to the National
Standard of the Russian Federation quality Management System (GOST R ISO 9000-2015), "efficiency" is
interpreted as the ratio between the achieved result and the resources used. Successful, "effective” functioning
of an individual in various spheres of life is determined, in particular, by his ability to arbitrarily regulate
cognitive processes, to rebuild cognitive activity in connection with changing environmental conditions. It can
also be called "cognitive adaptation”, "cognitive reorganization" (Bidzan-Bluma & Lipowska, 2018).

Numerous works are devoted to the study of individualization of the educational process, taking into
account stable neurodynamic features and the nature of psychophysiological states, as one of the fundamental
conditions for improving the effectiveness and quality of educational interaction (Kraineva & Shefer, 2017;
Merlin, 2005). In this context, neuropedagogy has become widespread. Neuropedagogy is the science of a
differentiated approach to learning, taking into account the psychophysiological and neuropsychological
characteristics of a student and a teacher or the "genophenotypic" characteristics of students (Bidzan-Bluma
& Lipowska, 2018; Khikmatullaeva et al., 2021).

The multifunctionality of neurodynamic features and the versatility of their influence on various spheres of
personality has been shown in numerous studies since the middle of the XX century (Bidzan-Bluma &
Lipowska, 2018; Kraineva & Shefer, 2017; Maltsev, 2018). A broad retrospective review of domestic studies
devoted to the interrelationships of neurodynamic properties with the peculiarities of cognitive processes,
some special abilities, and other areas of personality is presented in the works of E.P. Ilyin. The author
presents the results of research by N.V. Makarenko, according to which individual differences in the functions
of perception, attention, and thinking are largely determined by the level of functional mobility of nervous
processes. People with high and average rates of mobility of nervous processes have a higher efficiency of
perception and thinking, a higher level of ability to operate with spatial objects, concentrate, and switch
attention faster (unlike people with low mobility characteristics). These psychophysiological functions and
functional mobility of nervous processes are provided by neurophysiological mechanisms alone. The
concentration of attention, according to L.B. Ermolaev-Tomin, N.S. Utkina is better in people with a strong
nervous system, and attention switching (when set to work at a free pace) is better in people with a weak
nervous system (Mantrova, 2008; Chang et al., 2020). According to V.P. Umnov, when introducing instructions
to work as quickly as possible, the advantage in switching attention goes to people with a strong nervous
system. The concentration of attention also depends on the balance of nervous processes (in persons with a
predominance of arousal, it is greater according to the "external” balance). According to the same authors, the
text is remembered better by persons with a weak nervous system, and visual objects are remembered better
by persons with a strong nervous system. M.N. Ilyina's research has shown that the inertia of arousal is
associated with such a strong-willed quality as "patience"”, which manifests itself in a person's ability to work
without reducing intensity, despite developing fatigue, or other difficulties. The connection of rigidity - lability
of installations with mobility - the inertia of nervous processes was shown in the works of N.E. Vysotskaya
(Maltsev & Suyundikova, 2019).

It is generally accepted that the influence of these properties on the success and effectiveness of a
particular activity, including cognitive, can be realized through the impact on cognitive processes. It can also
be implemented through the formation of certain functional states in various situations. Differential
psychophysiological features of students determine their functional resources and the ability to show optimal
performance in the conditions of educational and professional activity. These features meet the specified
requirements of reliability and efficiency of this work and also determine the formation of individual styles of
self-regulation of cognitive activity (Kraineva & Shefer, 2017; Widana et al., 2021).

At the same time, it should be noted that the effectiveness of the activity, including cognitive, as well as the
features of adaptation, depends on a set of features of neurodynamic properties that mutually affect each
other, as well as on many personal characteristics, intellectual development, motivation and other factors
(Kholodnaya & Khazova, 2017). In connection with the above, the search for neurodynamic correlates of
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effective cognitive activity of students and, in general, differential psychophysiological analysis of human
cognitive behavior is an urgent task.

2 Materials and Methods

111 students aged 17-19 of the South Ural State Humanitarian Pedagogical University took part in our study
voluntarily during the inter-sessional period. Determination of neurodynamic characteristics of the examined
cohort of students was carried out using the hardware and software complex "NS-pSychoTest" ("Neurosoft",
Russia, Certificate of Conformity No. ROSS RU.IM18.D00567). The following methods were used in the
examination: "Simple visual-motor reaction" (PZMR) to assess the activation of the central nervous system,
Complex visual-motor reactions "Choice reaction” (SPMR), and noise immunity (PU) to assess the functional
mobility of the central nervous system and concentration of attention, tapping test (TT) to assess the strength
of the nervous system (Huang et al,, 2019; Burton et al., 2017). Statistical analysis of the results was carried
out using the Statistica v. 7.0 application software package (StatSoft, USA). Descriptive statistical data analysis
and correlation analysis were carried out (Kamenskaya, 2010).

3 Results and Discussions
3.1 Results

Sensorimotor response indicators are genetically determined and poorly trained, which allows them to be
used in an objective assessment of the functional state of the central nervous system of the examined
(Ignatova et al., 2019; Kraineva & Shefer, 2017). The integral characteristics of the neurodynamic processes of
the students of the survey cohort are summarized in Table 1. High-speed indicators of simple visual-motor
reactivity of an individual can be considered as an integral characteristic of the human central nervous system
since motor-tactile and visual analyzers are activated (Maltsev, 2018).

Table 1
Generalized indicators of sensorimotor reactions of pedagogical university students, (n=111)

Indicator M+m Quartile (25-75) cv
Median time value of the PZMR, ms 227,25+2,83 206,00 - 242,50 13,1
Standard deviation PZMR 67,67+4,06 4797 - 78,46 63,3
The average value of the SZMR time 370,92+4,38 346,93 - 395,17 12,4
The standard deviation of the SZMR 90,53+2,20 74,43 - 98,79 25,6
The average value of the response time of
noise immunity 383,30+3,13 359,20 - 400,40 8,6
Standard deviation of noise immunity 79,52+2,57 61,20 -87,70 34,1
Concentration of attention 0,98+0,01 0,90 -1,00 7,9
Tapping test number of beats 198,42+2,09 181,00-212,00 11,1
Indicator of the strength of the nervous
system, conl. units. 4,42+0,06 4,00 - 4,70 15,2
Endurance level in points according to TT
indicators 7,79+0,17 6,00 - 10,00 23,0

A simple sensorimotor reaction allows us to assess the activation and speed of cerebral processing of simple
sensory information. The obtained results of a simple visual-motor reaction of students correspond to the
average level of the speed of functioning of the nervous system (the normative range of values is 193-233 ms.
These results characterize the optimal performance of a specific cognitive activity within certain time limits.
This indicator of cognitive performance of the students of the cohort of the survey within the framework of
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educational activities did not reveal signs of overstrain or fatigue of sensorimotor systems (Silakarma et al.,
2021).

Slight variability in the average values of the PZMR indicator (CV PZMR does not exceed 15%) and the
quadratic deviation of the PZMR (SDPZMR corresponding to 50% of the level of the normative range - 23-97
ms) characterize the relative stability of the manifestation of sensorimotor reactions. The obtained values of
these indicators indirectly characterize the balance of nervous processes and the stability of the manifestation
of the functional state of the central nervous system in the majority of the examined cohort (Merlin, 2005).

Attention is drawn to the fact of the greatest variability of the coefficient of variation of the mean values of
the standard deviations of the PZMR, SZMR, and PU in the studied groups of students (CV indicators vary from
25% to 63%). This result probably reflects the adaptive-compensatory homeostatic mechanism of realization
of the neurodynamic functions of the students' bodies under conditions of simple sensory load and sensory
interference (Carchi et al.,, 2021).

Comparison of the average values of the SZMR of the surveyed students with the normative values (see
Table 1), indicates an average level of severity of functional mobility of nervous processes. This reflects the
effective possibility of neuronal switching of attention between different types of activity in the majority of the
examined and the optimal speed of functional activity of the central nervous system of the examined
contingent of students.

The average level of severity of the mobility of nervous processes characterizes the optimal switching of
attention from one type of activity to another. This has been convincingly proved in the framework of
neurophysiological research on the dynamic relationship of sensorimotor integration with cognitive systems
of information analysis (Dikaya & Naumova, 2014; Harris & Lim, 2016; Ignatova et al., 2019).

3.2 Discussions

The analysis of the cognitive analytical-synthetic process of neuronal processing of sensory information can
be objectively assessed by the indicator of the central delay time (the value of the difference between the
indicators of the PZMR and the SZMR). The results obtained reflect the optimal duration of the process of
analytical processing of sensory information in the cerebral cortex of the cohort of students (about 143 ms),
which does not exceed 70% of the time range of the PZMR. The mechanisms of differentiation inhibition of
conditioned reflex activity in all examined students provide improved cerebral processes, more accurate
response to external stimuli, and acceleration of complex sensorimotor reactions. Functional lability is
associated with the ability to respond on time to changes in external requirements, the speed of searching and
updating the necessary information in memory, the speed of formation and optimization of activities in new
conditions, the ability to inhibit irrelevant cognitive attitudes, etc.

The mobility of nervous processes is associated with the level of activation of the central nervous system
and determines the speed of deployment of individual operations in the course of activity. The speed and
tempo characteristics of the organization of activity, especially the maximum pace, are genetically determined
and have a significant range of individual values that cannot be evaluated in the categories of "good-bad".

Noise immunity technique - characterizes the feature of attention that reflects a person's ability to resist
the effects of background noise when perceiving an object. The obtained average values slightly exceed the
SZMR indicators (no more than 3%), which generally reflects the optimal neurodynamic features of the noise
immunity of the students of the cohort of the survey. The concentration indicators correspond to the average
values of the norm (0.8-1.0 units), which reflects the optimal ability for a long time to concentrate attention on
the necessary object and perform a given activity regardless of the surrounding conditions in the students of
the cohort of the survey.

The homeostatic characteristics of the complex sensorimotor response of students in the conditions of
educational and professional activity in higher school are reflected in the correspondence of the average
values of the standard deviation of the SZMR and PU to the normative range (69 - 113 ms) and relatively low
values of the coefficients of variation (CV of the SZMR and PU 12.4% and 8.6%, respectively). Thus, the
obtained results of sensorimotor response reflect the optimal level of adaptive regulation of the cerebral
component of activity in the majority of the surveyed students of a pedagogical university in the conditions of
their educational and professional activity. The indicators of the standard deviation and coefficients of
variation of sensorimotor reactions, reflecting the homeostatic level of neurophysiological regulation of
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activity, characterize the effective stabilization mechanisms of the formed functional system of the central
nervous system of the students of the cohort of examination. The relative stability of cerebral processes with
average functional mobility characterizes the formed functional system of a satisfactory conditioned reflex
activity and acts as an objective predictor of the effectiveness of cognitive activity of the examined pedagogical
university students.

The strength of nervous processes is a predictor of the stability of arbitrary regulation of cognitive
processes to short-term dysfunctions arising under the influence of excessive emotional stress, stress, or
fatigue. It is determined by the functional capabilities of the nervous system. Endurance is influenced by the
level of development of coordination of movements, the strength of mental processes, and volitional qualities.

The tapping test indicators made it possible to characterize the manifestation of the strength of the
nervous system as a criterion for the operability of neurons in conditions of urgent switching of excitatory and
inhibitory processes. The average group values of the surveyed students in quantitative indicators of
endurance of the nervous system, both in terms of the average number of strokes and in terms of ball
endurance indicators, reflect an above-average level (standard 184-204 beats; 7-8 points, respectively), which
characterizes the ability of the students of the cohort of the survey to perform any activity for a long time
without reducing its effectiveness. At the same time, the average endurance indicators of the nervous system
of the cohort of the examination correspond to the upper limit of the normative range, which will cut off the
tendency to a high level of neuronal performance and stability of cerebral activity in conditions of cognitive
activity.

The calculated indicator of the strength of the students' nervous system, which characterizes the ability to
keep the pace of work at a certain level, corresponds to the average level. The learned results describe the
optimal type of working capacity of individuals, moderate formation of fatigue due to mental or physical
stress. Further research was aimed at identifying the relationship of the neurodynamic characteristics of the
personality of the examined students with the indicators of a cognitive test assessing the level of mental
performance. The summarized data are presented in Table 2.

Table 2
Correlation matrix of the relationship of indicators of neurodynamics of the cognitive test, (n=94)

Cognitive test scores

Neurodynamic indicators Task completion  Overall performance =~ Whipple Accuracy
speed indicator Factor

The average value of the speed of a simple -0,694 -0,431 -0,201

sensorimotor reaction (PZMR) p<0,001 p<0,001 p=0,052

The average value of the time of the rate -0,377 -0,203 -

of complex sensorimotor reaction (SPMR) p<0,001 p=0,050 -

The average value of the time of the speed -0,282 - -

of a complex sensorimotor reaction (noise

immunity) p=0,006 - -

Tapping test number of beats 0,302 - -
p=0,003 - -

Indicator of the strength of the nervous - - 0,258

system, conl. units. - - p=0,012

Endurance level in points according to TT 0,2503 - -

indicators p=0,015 - -

Note: the table shows only reliable correlations, at p<0.05.

4 Conclusion

In the course of the conducted research, we have identified correlations of neurodynamic indicators with
parameters characterizing the success of cognitive activity of students. The results obtained reflect a highly
reliable relationship between the speed indicators of cognitive activity and sensorimotor response. At the
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same time, the overall effectiveness of cognitive activity is moderately negatively associated with the
indicators of central nervous system activation. And it is weakly negatively associated with an indicator
reflecting the mobility of cerebral processes and the perfection of differentiation inhibition in the central
nervous system. Accuracy indicators are inversely related to activation indicators and are directly
proportional to the indicator of the strength of the nervous system.

The revealed characteristics of the functioning of the nervous system and their relationship with indicators
of cognitive activity determine the optimal level of performance of educational tasks necessary for the
qualitative development of the educational program in the context of the implementation of federal state
educational standards of higher education. Studies of psychophysiological support of cognitive activity of
students in the conditions of educational activity are significant for predicting the quality of education. An
important aspect of further study is the need to determine objective valid indicative criteria describing the
structure of a student's psychophysiological potential in specific conditions of educational and professional
activity and corresponds to the main indicators of health quality recommended by SDG 3.
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