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The aim: to describe the dynamic changes in mental capacity during education in secondary school in the implementa-

tion of traditional and meritocratic educational program. 

Materials and methods. The study involved 56 secondary schoolchildren in the dynamics of learning, which were di-

vided into 2 groups depending on the education system. The level of mental capacity was assessed using proofreading 

tests of V. Ya. Anfimov. Statistical data processing was performed using one-way analysis of variance and t-test in the 

software package IBM SPSS Statistics 20. 

Results. During the period of basic education, the level of influence of the type of educational program, type of subject 

and day of the week on the accuracy of the test performance increased, the amount of work increased by 16.2-16.7 % 

(p<0.01) and its accuracy decreased (p<0,05). Higher initial and post-load intensity of mental capacity was revealed in 

schoolchildren with meritocratic education (353.23±8.52 and 341.41±8.65 respectively), and with a traditional system - 

higher and stable accuracy (5.68–5.86 errors) and productivity of mental work (35.29-35.72 conventional units; 

p<0.01). The weekly efficiency curve was the opposite in terms of accuracy for 6th and 9th grade schoolchildren, and 

the identical in terms of volume. In meritocratic education, a higher level of intensity was registered in the mathematics 

lesson, and in the traditional educational program − accuracy against the background of negative dynamics of quanti-

tative and complex indicators. 

Conclusions. Gender and age features of intensity, accuracy and productivity of mental work during basic education 

and the level of influence of factors of the educational process on them are established. The increase in the level of 

educational load was accompanied by an increase in the intensity and accuracy of mental work due to the adaptation of 

schoolchildren to the peculiarities of learning in secondary school and the stabilization of physiological processes. 

Comparison of weekly curves of mental capacity during training allowed to identify certain age trends in the formation 

of mental fatigue 
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1. Introduction

Conditions of educational activity are related to the

introduction of new forms of learning and global informati-

zation, which places increased demands on the psychophys-

iological capabilities of schoolchildren [1, 2], creates serious 

emotional, cognitive and physical problems [3, 4], reduces 

the efficiency and quality of work that affects the academic 

performance of student youth [5, 6]. 

Currently, new, specialized and author's programs 

are being introduced, which are characterized by great 

variability, accompanied by intensification of the educa-

tional process, increase in total study load, decrease in 

physical activity and deterioration of schoolchildren' 

daily routine structure [1, 2]. Many countries around the 

world are intensively developing and implementing new 

educational programs aimed at academically gifted and 

talented children, namely meritocratic education, the 

concept of which is the role of the intellectual elite in 

ensuring the prosperity of the state [7]. This educational 

system is designed to create favourable conditions for 

socio-psychological adaptation of academically gifted-

children in the environment, the realization of their po-

tential, its effective use for the development of society as 

a whole. 

During the mental activity that accompanies the 

learning process, there are processes of receiving, storing 

and processing information that requires stress of sensory 

systems, attention, memory, emotional sphere and auto-

nomic systems [8]. In turn, the level of mental capacity is 

the main factor that ensures the effectiveness of percep-

tion and processing of this information [9]. The study of 

age-specific mental capacity is necessary to reveal the 

mechanisms of fatigue as a basis for the correction of 

negative factors [10, 11]. 

Mental capacity is considered as a characteristic 

of an individual's ability to perform specific mental activ-
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ities and is used in the research as a prognostic criterion 

for the development of fatigue [12, 13]. In Ukrainian 

research as the main research tool for determining the 

signs of mental fatigue use correction tests by 

V. Ya. Anfimov with subsequent analysis of the volume,

accuracy and productivity of the work [2, 14]. This tech-

nique was used in the study of mental capacity school-

children [15, 16], students [12, 13], teachers [17].

However, there is no single method that could 

simultaneously provoke a mental load of a certain dose 

and assess the level of mental fatigue, there are no 

works that determine the dynamics of mental capacity 

during primary school, which solves major pressing 

problems to prevent mental fatigue and increase aca-

demic performance. 

The outlined range of problems determined the 

relevance of this study, as well as the formation of its 

aim: to characterize the dynamic changes in mental ca-

pacity during primary school in the implementation of 

traditional and meritocratic educational program. 

2. Materials and methods

The study involved 56 schoolchildren at the be-

ginning (6th year of study, which coincides with the 

stabilization phase after the transition from primary to 

secondary education level) and at the end (9th year) of 

secondary school with the consent of parents, subject to 

Helsinki Declaration and the rights of bioethics, which is 

confirmed by the protocol No. 12 of 01.12.2020 of the 

Committee on Bioethics and Deontology of the State 

Institution “Institute of Children and Adolescents 

Health Care of the Academy of Medical Sciences”. 

Depending on the education system, schoolchildren 

were divided into 2 groups: EG1 – aneducational 

groupwith a meritocratic educational program, EG2 – a 

group of children who received secondary education 

with the traditional system. 

Two-minute correctional tests of V. Ya. Anfimov 

were used to assess the level of mental capacitywith 

further calculation of quantitative (volume of revised 

characters), qualitative (accuracy of work performed on 

the number of errors per 500 revised characters) and 

complex indicators (productivity ratio) in the cycle of 

studying 3 subjects: mathematics, Ukrainian language 

(basic subjects used in any educational projects and not 

integrated into other disciplines) and history (differs from 

mathematics in the level of difficulty, and from the 

Ukrainian language – the nature of the work operations 

in the lesson) [17–19]. 

One-factor analysis of variance and t-test in the 

IBM SPSS Statistics 20 software package were used for 

statistical data processing. 

3. Research results

With the help of one-factor analysis of variance,

the degree of influence of educational process factors on 

the quantitative (intensity) and qualitative (accuracy) 

indicators of schoolchildren' mental capacity at the be-

ginning and end of secondary school was determined. It 

was found that during the acquisition of secondary edu-

cation the level of influence of the type of educational 

program increased (from F=33.9 to F=294.8; p<0.001 at 

the beginning of the lesson and from F=42.1 to F=327.9; 

p<0.001 at the end of the lesson), type of subject (from 

F=1.66; p>0.05 to F=3.86; p<0.001) and day of the week 

(from F=2.35; p>0.05 to F=13 , 0; p<0,001 at the begin-

ning of the lesson) on the accuracy of the test, but was 

not determined by the type of educational project on the 

level of impact on the intensity of mental work. 

The indicators of mental capacity also changed. 

Thus, the number of traced signs increased both before 

(by 16.2 %) and after the lesson (by 16.7 %; p<0.01) and 

decreased the number of errors at the same baseline level 

by 17.7 % and 19.2 % (p<0.05), which indicated an in-

crease in productivity. 

Analysis of the quantitative and qualitative char-

acteristics of mental capacity in educational teams with 

different types of educational programs (Table 1) re-

vealed a higher initial and post-load intensity of mental 

work in schoolchildren under the introduction of merito-

cratic education system. With age, this difference was 

levelled due to a more significant increase in workload 

(by 109–112 characters depending on the stage of the 

lesson; p<0.01) under the traditional education system 

and the overall increase in labour intensity for both edu-

cational projects (p<0.01). However, the quality of men-

tal work did not change significantly in EG2 and de-

creased significantly in EG1 (p<0.01). As a result, the 

traditional system of training determined a higher and 

stable accuracy of proofreading (5.68–5.86 errors per 500 

traced characters against 11.56–12.49 errors in EG1), as 

well as the productivity of mental work (35, 29–35.72 

c.u. vs. 31.61–32.59 c.u. in meritocratic education;

p<0.01).

Analysis of the mental capacity of schoolchildren 

of different gender groups revealed its higher level in 

girls, both quantitatively and qualitatively, regardless of 

the phase of the lesson, while maintaining this pattern 

during basic education (Fig. 1, 2).  

Table 1 

Quantitative and qualitative characteristics of mental capacity during secondary school education, depending on the 

education system, М±m 

Learning 

stage 
Lesson phase 

Mental capacity indicator 

Intensity Accuracy 

EG1 EG2 EG1 EG2 

6
th

 year 
before lesson 353.23±8.52

**##
 291.90±5.43

##
 7.53±0.38

**##
 5.56±0.33 

after lesson 341.41±8.65
**##

 284.99±5.66
##

 7.61±0.35
**##

 5.71±0.35 

9
th

 year 
before lesson 405.84±7.19 401.20±3.55 11.56±0.32

**
 5.68±0.18 

after lesson 398.46±7.13 397.91±3.57 12.49±0.36
**

 5.86±0.18 
Note: when compared with EG2 (* – p <0.05; ** – p <0.01); in the dynamics of learning (# – p<0.05; ## – p<0.01) 
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Fig. 1. Quantitative characterization of mental capacity of schoolchildren of different sexes during primary school 

Fig. 2. Qualitative characteristics of mental capacity of schoolchildren of different sexes during primary school 

Analysis of the weekly dynamics of mental ca-

pacity of schoolchildren at the beginning and end of 

secondary school (Fig. 3) found that starting from the 

middle of the week the curve of performance on a quali-

tative basis in sixth and ninth graders was opposite, and 

quantitatively – identical, with a higher-level intensity 

at the beginning of the week and the accuracy of mental 

work at the end of the week in the ninth year of study 

(p<0.01). At the same time, the maximum level of men-

tal productivity of secondary school graduates was 

registered on Monday both before (CP0 – 37.65± 

±0.65 c.u.) and after the lesson (CP1 – 35.40±0.66 c.u.; 

p<0.05), which was provided by the high volume of 

work performed against the background of the lowest 

accuracy. A comparison of the mental capacity curve 

with the class schedule showed that lower productivity 

was recorded on Wednesday among schoolchildren 

studying under the meritocratic system, and on Friday 

according to the traditional program. 

The volume of the level of educational load in the 

study of different systems, respectively, on the scale of 

severity of subjects [19]. It was found that under the 

meritocratic system the level of workload in grades 5–8 

is higher, and in grade 9 lower than the traditional pro-

gram. At the same time, regardless of the education sys-

tem, the level of workload increased from 5th to 6th grade 

by an average of 7.19 points (the highest in the meritocrat-

ic system), 2–3 points per year to 8th grade and decreased 
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slightly in the transition to 9th grade (1.30 points) mainly 

through training in the meritocratic system. 

To determine the possible reasons for the peculi-

arities of mental capacity of schoolchildren in different 

education systems, an in-depth analysis was conducted 

by groups of subjects from different fields, namely: 

mathematics (in 9th grade – algebra), Ukrainian language 

and history of Ukraine (Fig. 4, 5). It was found that at the 

secondary school threshold under the meritocratic system 

(EG1) a higher level of mental capacity was registered 

both before and after the mathematics lesson in quantita-

tive characteristics, and in qualitative – in the traditional 

educational program (p<0.01). During training, this pat-

tern intensified, with the amount of work increased in 

both educational programs, and accuracy decreased – 

only in EG1.  

Fig. 3. Weekly dynamics of mental capacity among secondary schoolchildren 

Fig. 4. Quantitative characteristics of mental capacity in the study of subjects in different directions (by the number of 

traced sings) 
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Fig. 5. Qualitative characteristics of mental capacity in the study of subjects in different fields (by the number of errors) 

The study of the Ukrainian language was accom-

panied by dynamic changes in the intensity of mental 

work (p<0.05–0.01) without significant difference re-

gardless of the stage of study. For EG1 schoolchildren, 

the history lesson was accompanied by significantly 

higher accuracy, a decrease in the dynamics of learning 

the level of mental capacity on both indicators, but their 

growth (p<0.01) and the highest accuracy (significantly 

compared with the Ukrainian lesson; p<0.05) among 

EG2 schoolchildren. 

Generalization of dynamic changes in mental ca-

pacity depending on the complexity of the subjects found 

that under the conditions of implementation of the meri-

tocratic system was characterized by a lower level of accu-

racy of work regardless of the severity of the subject 

(p<0.01). At the same time, students with EG1 had a high-

er level of quantitative indicator with a tendency to in-
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productivity) after mathematics lessons with maximum 

difficulty (10 points) on the appropriate rank scale. How-

ever, under the conditions of traditional education there 

was a negative dynamic of quantitative (p<0.05) and com-

plex indicators (p<0.01) during lessons of the same profile. 

4. Discussion of research results
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work) [18, 19], use reading several texts from web news, 

books and reports of the Government of Japan and col-
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maintain and update spatial information in working 
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To assess mental load, the load index, the scale of 

subjective mental load, and among the criteria that char-

acterize the level of mental capacity and fatigue are indi-
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efficiency and productivity index [18, 19]. 
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Thus, for a complete and high-quality assessment 

of fatigue, two groups of methods should be distin-

guished: to provoke fatigue and ways to register its 

symptoms. In our study, the level of mental load that 

provokes the development of fatigue was assessed by 

analyzing the curriculum with the definition of daily and 

weekly dynamics based on the standard scale of severity 

of subjects [27, 19]. Registration of signs of mental fa-

tigue in the training team was based on the calculation of 

quantitative, qualitative, and complex characteristics of 

mental capacity for a two-minute proofreading by  

V. Ya. Anfimov, which in contrast to the above methods 

is characterized by ease of execution, speed criteria that 

characterize not only the ability to work, but also its 

component and dynamic changes. 

The study found a higher level of mental capacity 

among girls in all indicators, regardless of the stage of 

education in secondary school, which coincides with the 

results of previous studies [20], as well as data Zayed K., 

Jansen P. (2019), who found the best results tests for 

working memory among girls during the assessment of 

the organization of the educational process in lessons of 

mathematics, science and Arabic [28]. Gender and age 

features of cognitive mental processes and the effective-

ness of mental work were determined in the study of high 

schoolchildren in different weather conditions [29]. In 

contrast, in a study by van Tetering M. and co-authors 

(2019), gender differences in three-dimensional rotation 

to assess mental transformation skills were determined 

only in the 7–12 age group with better results among 

boys, while in older age gender differences were not 

determined [30]. 

During dynamic observation, an increase in the in-

tensity, accuracy and productivity of mental work was regis-

tered. In her study, Bezkopilna S. V. (2020) also identified 

positive mental capacity dynamics at 13– 

14 years of age compared to 10–11 years, but the study 

looked at age dynamics in people with postural disorders 

[9]. Changes in mental capacity were explained by certain 

features of physiological processes, which coincides with 

our conclusion on the growth of work performed as a moti-

vational characteristic of mental work, which is associated 

with physiological and social maturity of ninth graders 

compared to 6th year schoolchildren. In our previous study 

on prenosological screening of autonomic regulatory stress 

in schoolchildren, it was found that the 6th year of study 

coincides with the sensitive period for autonomic regulatory 

systems and, accordingly, is characterized by increased 

sensitivity to environmental factors.At the same time, the 

higher “price” of adaptation to the meritocratic system of 

education in 6th grade compared to traditional education is 

determined not so much by the intensification of the educa-

tional process as by interpersonal relationships in education-

al teams and / or individual psychological characteristics of 

schoolchildren [31]. 

We found the highest level of mental productivity 

at the beginning of the week, as well as the dependence 

of its weekly dynamics on the distribution of workload 

with its decline on days with maximum workload on the 

scale of difficulty on Wednesday in EG1 and Friday in 

EG2. Changes in the mental capacity of schoolchildren 

during the day, week, semester, and school year in gen-

eral under the influence of educational and labour activi-

ties observed by Zelenenko N. O. et al. (2017) [10].At 

the same time, they concluded that the duration, depth 

and direction of changes in the functional state of the 

organism, features of mental work, its conditions and 

organization and other reasons [10], which partly coin-

cides with the results. Domestic researchers conducted 

studies of the dynamics of mental capacity, the results of 

which also established a high productivity of mental 

work in schoolchildren in the afternoon at the beginning 

of the school week [2]. 

It should be noted the peculiarities of the for-

mation of mental fatigue and the level of mental capaci-

ty, as its criterion in the implementation of different 

education systems. We found that the increased level of 

workload characteristic of the meritocratic educational 

program was accompanied by lower accuracy and 

productivity of mental work, but also positive dynamics 

of mental capacity in quantitative and complex character-

istics in the study of the most complex subjects of math-

ematics education. It is the development of schoolchil-

dren's interest in science, mathematics, English, inventive 

skills is the basis of the concept of STEM education, 

which is positioned in meritocratic education as a leading 

trend of modernization of Ukrainian national education 

systems for continuous training in converging NBIC 

technologies [7]. Researchers van Tetering M. and co-

authors (2019) [30] emphasized the importance of im-

proving results in mathematical achievements and in 

disciplines related to STEM education. 

In turn, Danish researchers have found that cogni-

tive functions such as working and episodic memory, 

sustained attention and processing speed are associated 

with better math and reading performance [32]. The 

results show that sympathy for mathematics involves the 

choice of more complex (rather than easy) mathematical 

problems, as well as the strong influence of interest on 

both the willingness to make more effort and the feeling 

of less fatigue [33, 34]. In our opinion, the positive dy-

namics of mental capacity in terms of its intensity indi-

cated a sufficient level of motivation during classes in 

specialized subjects, which coincides with the conclu-

sions of Milyavskaya M. et al. (2021) on restoring the 

productivity of mental work to baseline in the presence 

of motivation [34–36]. 

Study limitations. It should be noted that physio-

logical criteria (heart rate), as well as the emotional com-

ponent (well-being, activity, mood) of mental load are 

assessed subjectively, which requires further search for 

new objective, reliable and at the same time available 

techniques for routine use. in large research groups. 

Prospects for further researchappear in the 

formation of the algorithm of mental capacity analysis in 

combination with physiological criteria for training 

teams and other research groups to determine critical 

periods of fatigue and develop a set of measures to pre-

vent it. 

 

5. Conclusions 
1. Gender and age features of mental capacity and 

the level of influence of factors of the educational pro-

cess on its quantitative and qualitative indicators in  

5–8 times, increase in intensity both before (by 16.2 %) 

and after the lesson (by 16.7 %; p<0.01) and decreased 
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the number of errors at the same baseline level by 17.7 % 

and 19.2 % (p<0.05), which indicated an increase in 

productivity of mental labour during basic education. 

2. The increase in the level of educational load 

was accompanied by an increase in the intensity and 

accuracy of mental work due to the adaptation of school-

children to the peculiarities of learning in primary school 

and the stabilization of physiological processes. 

3. Comparison of weekly mental capacity curves 

during training allowed to determine not only the highest 

level of intensity, accuracy, and productivity of mental 

work by increasing the productivity ratio to 37.65± 

±0.65 c.u. at the beginning of the week at the final stage 

of basic education, but also to identify certain age trends 

in the formation of mental fatigue. 
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