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DYNAMICS OF MENTAL PERFORMANCE IN SCHOOLCHILDREN UNDER POOR INDOOR 
CLIMATE CONDITIONS AND ELEVATED CARBON DIOXIDE LEVELS

One of the pressing current issues requiring investigation is the adverse effect of prolonged exposure of schoolchildren to substandard indoor climates and elevated 

CO
2
 levels, which can impair their well-being, hinder cognitive performance, and disrupt the body's adaptive capabilities. This study aimed to assess the dynamics 

of mental performance of students depending on the said parameters, the indoor climate and CO
2
 levels. The temperature, humidity, and CO

2
 datapoints (n = 673) 

were recorded using an Engineering Technical Module in two rooms. Mental performance was assessed by the performance quotient and indicators of short-term 

memory and attention (n = 352); for this purpose, we used an NS-Psychotest hardware and software complex. In statistical processing, the threshold of significance 

was set at p < 0.05. We registered an increase of temperature up to 25.7 °C, a decrease of humidity to 31.3%, and a steady growth of the concentration of CO
2

from the normal 1000 ppm to substandard 2586 ppm. By the end of the day, the proportion of schoolchildren capable of high-level mental performance 

had dropped by 30%. We identified significant, moderately strong inverse correlations between performance level and CO
2
 concentrations (r = –0.464, p < 0.001), 

as well as weak inverse correlations with temperature (r = –0.327, p < 0.001). A strong inverse relationship was found between fatigue and CO
2
 levels (r = –0.599, 

p < 0.001); schoolchildren's functional state was poorest when the CO
2
 concentration was highest. The study identified a correlation between the deterioration 

of air quality parameters and reduced mental performance among students, highlighting the necessity for monitoring and preventive interventions.
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М. А. Лобкис, И. И. Новикова, С. П. Романенко, А. В. Сорокина

ДИНАМИКА УМСТВЕННОЙ РАБОТОСПОСОБНОСТИ ШКОЛЬНИКОВ В УСЛОВИЯХ 
НЕБЛАГОПРИЯТНЫХ ПОКАЗАТЕЛЕЙ МИКРОКЛИМАТА И УГЛЕКИСЛОГО ГАЗА В ПОМЕЩЕНИЯХ

В настоящее время актуальным является изучение неблагоприятного воздействия длительного пребывания обучающихся в условиях, не отвечающих 

требованиям нормативов по показателям микроклимата и концентрации СО
2
, способного вызывать нарушение самочувствия, снижение показателей 

умственной деятельности, нарушение адаптационных возможностей организма. Целью работы было оценить динамику умственной работоспособности 

обучающихся в зависимости от указанных параметров. Показатели температуры, влажности и CO
2
 (n = 673) регистрировали с помощью «Инженерно-

технического модуля» в двух классах. Умственную работоспособность оценивали по коэффициенту работоспособности, показателям кратковременной 

памяти и внимания (n = 352) с использованием аппаратно-программного комплекса «НС-ПсихоТест». Статистическую обработку данных выполняли 

при уровне значимости p < 0,05. Зарегистрированы повышенная температура (до 25,7 °C) и низкая влажность (до 31,3%), а также устойчивое повышение 

концентрации CO
2
 по сравнению с нормой (1000 ppm) до 2586 ppm. Установлено снижение доли учащихся с высокой работоспособностью на 30% 

к концу дня. Выявлены значимые обратные корреляции умеренной силы между работоспособностью и концентрацией CO
2
 (r = –0,464, p < 0,001),

а также слабые — с температурой (r = –0,327, p < 0,001). Обнаружена сильная обратная связь между утомлением и уровнем CO
2
 (r = –0,599, 

p < 0,001). Наиболее выраженное ухудшение функционального состояния наблюдалось в периоды максимальных концентраций CO
2
. Исследование 

выявило взаимосвязь между ухудшением параметров воздушной среды и снижением умственной работоспособности школьников, что обосновывает 

необходимость мониторинга и профилактических мероприятий.

Ключевые слова: общеобразовательные организации, обучающиеся, гигиенические условия обучения, микроклимат, диоксид углерода, умственная 
работоспособность, утомление, риски здоровью, профилактика
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During the school years, the mental and physical health of students 
is influenced by various factors, including how well classroom 
conditions meet hygienic standards. Against the background 
of an increasing academic workload, a compromised environment 
depletes the body’s reserves, leading to functional abnormalities 
and disorders of both mental and physical health [1, 2]. One 
of the most important tasks in creating favorable conditions 
for education is to monitor and improve classroom air quality, 
which depends in particular on microclimate parameters and carbon 
dioxide (CO

2
) concentration [3]. 

Studies have shown that prolonged exposure to elevated 
concentrations of CO

2
 (1000–1500 ppm or higher) has 

both immediate and delayed negative effects on students' 
well-being. Such exposure disrupts the metabolic processes 
of the circulatory, central, and respiratory systems, leading 
to deteriorated performance and mental activity, increased fatigue, 
lower resistance to infectious and non-infectious agents, 
and a higher incidence of upper respiratory tract diseases [4–7].

Children studying in classes with high concentrations 
of CO

2
 often experience heavy breathing, shortness of breath, 

dry cough, and rhinitis. Students with asthma may have 
attacks [8]. Higher CO

2
 levels in schools are associated with 

an increase in illness-related absences; respiratory infections 
and asthma are the main diseases in such conditions. 
An increase in the concentration of CO

2
 in a classroom 

negatively affects the academic performance and general 
productivity of schoolchildren. It is considered a risk factor 
for chronic fatigue syndrome and higher incidence of upper 
respiratory tract diseases [9–11].

A study involving more than 400 schools in the United States 
found that an increase in classroom CO

2
 concentration to 1,000 

ppm was associated with a 10–20% drop in attendance, and 
that each additional 100 ppm of CO

2
 corresponded to a further 

0.2% decrease in yearly attendance [12]. Studies focusing 
on preschool establishments have shown that increasing 
the frequency of air exchange has a positive effect on kindergarten 
attendance: morbidity decreases by 12% with each additional 
hourly increase in the air exchange rate [13].

In Belarus, researchers reported that carbon dioxide 
concentrations above 1500 ppm in classrooms are associated 
with more complaints of rapid fatigue and headaches, affecting 
about one-third of primary school students [14, 15]. There 
is evidence of a 30.0% decrease in concentration of attention 
at CO

2
 levels above 600–800 ppm; when these exceed 

1500 ppm, about 80.0% of students experience fatigue [16]. 
Substandard microclimate indicators can worsen people's 
well-being by causing physiological changes in the functional 
state of organs and systems [17, 18]. In educational settings, 
failure to meet regulated indoor climate parameters can also 
disrupt children's adaptation processes [19].

Thus, numerous studies support the importance of examining 
how indoor air quality affects the functional state and health 
of individuals, particularly children, taking into account microclimate 
parameters and carbon dioxide levels.

It is important to note that in educational establishments, 
an increase in CO

2
 concentration correlates with the accumulation 

of a wide range of other anthropotoxins released by humans 
as well as substances emitted by finishing materials, furniture, 
and educational supplies. Thus, CO

2
 in this context can 

be considered as a convenient integral indicator (surrogate 
marker) of the overall level of anthropogenic load on the indoor air 
environment. Consequently, the observed effects on performance 
and well-being are highly likely caused by the combination 
of contaminants, and the concentration of CO

2
 is an indirect 

indicator of this combination.

This study aimed to investigate variations in schoolchildren's 
mental performance across the school day, relative to classroom 
microclimate conditions and CO

2
 concentration

METHODS

Hygienic, physiological, and analytical research methods were used 
in the work. 

The indoor climate parameters were measured with 
the Engineering Technical Module (measuring instrument pattern 
approval certificate 89313-23) in the automatic continuous 
mode over the course of one week. The module recorded 
values of individual microclimate indicators (temperature, 
relative humidity) and carbon dioxide concentration around 
the clock, generated summary reports covering current and past 
data, and compared the measurements to the given regulated 
value ranges, visualizing the monitoring results. 

The module worked for a week in two elementary school 
classrooms used by 3rd- and 4th-grade classes. The 4th-grade 
class studied during the first shift in Room 1, and the 3rd-grade 
class had the second shift in Room 2. The total number 
of observations was 673. The indoor climate was evaluated 
against the regulated parameters stipulated in SP 2.4.3648-20 
"Sanitary and epidemiological requirements for educational 
organizations, recreational establishments for children and youth"; 
SanPiN 1.2.3685-21 "Hygienic standards and requirements 
for safety and (or) harmlessness to humans." As for carbon 
dioxide, its values were compared to those given in GOST 
30494—2011 "Residential and public buildings. Indoor climate 
parameters"; GOST R EN 13779—2007 "Ventilation in non-
residential buildings. Technical requirements for ventilation 
and air conditioning systems"; EN 13779:2004 "Ventilation 
for non-residential buildings — performance requirements 
for ventilation and room-conditioning systems." The rooms 
were similar in their architectural, planning, and sanitary 
specifications: each had an area of 54 m2 and a ceiling height 
of 3.2 m. The design occupancy met sanitary standards 
and was set at 25 people, providing a minimum of 6.9 
m3 of air per student. The heating carrier (water) came from 
the centralized town system to the radiators in the rooms. 
The temperature of the carrier could not be adjusted during 
the school day. The ventilation was natural, enabled by window 
transoms and exhaust ducts, with no forced elements. 
In accordance with the relevant regulations, the teachers 
fully aired the rooms for five minutes during breaks according 
to the general school schedule; we did not monitor compliance 
with the established airing routine. Wet cleaning was performed 
twice a day — at the end of the first and second shifts. 
It is important to note how the classrooms were used differently: 
Room 1 was reserved for 4th-grade classes in the first shift, 
while Room 2, used by the 3rd grade in the second shift, 
served for part-time activities (up to 12 people) in the first shift.

The students’ mental performance was assessed 
using indicators of the working capacity coefficient, short-term 
memory dynamics, attention span, concentration, and stability. 
The assessment was conducted with the NS-PsychoTest 
hardware and software complex, and measurements were taken
three times a day — at the beginning, middle, and end 
of the school day — over the course of a week (total number 
of observations: 352). 

The following techniques were used to measure mental 
performance: 

1. Kraepelin tables [20], designed for assessment of the dynamics 
of mental performance and detection of fatigue, completed 
three times during the school day (n = 132). Each table consists 
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Table. Mean microclimate parameters and CO
2
 concentration during the school day over a week

Indicators 
М ± SD

First shift (Room 1)

Lessons

1 2 3

Temperature, C° 22.2 ± 0.5 23.3 ± 0.4 23.3 ± 0.8

Relative humidity, % 46.5 ± 2.7 52.4 ± 4.3 50.5 ± 6.0

CO
2
 concentration, ppm 1312.2 ± 485.4 2586 ± 543.7 2039 ± 823.8

Indicators
М ± SD

Second shift (Room 2)

Lessons

1 2 3

Temperature, C° 25.7 ± 0.2 25.7 ± 0.9 25.7 ± 0.2

Relative humidity, % 31.3 ± 2.5 32.5 ± 5.0 33.5 ± 2.5

CO
2
 concentration, ppm 1443.3 ± 482.7 2097.1 ± 425.1 2097.6 ± 500.6

of eight pairs of rows of single-digit numbers, with the numbers 
arranged vertically one above the other. The performance 
coefficient C

per
 is calculated as S2/S1, where S2 is the sum 

of correctly performed additions of the last four rows (S2), and S1 
is the sum of correctly performed additions of the first four rows (S1).

2. Memory for numbers [21], designed to assess the dynamics 
of short-term memory, completed twice during the school day 
(n = 88). The mnemonic performance is evaluated by the number 
of correctly found numbers: 2 points — low efficiency, 3 points — 
satisfactory, 4 points — average, 5 points — high.

3. Munsterberg's method [22], designed to assess the attention 
concentration and stability, completed three times during the school 
day (n = 132). The testing involves finding words in rows random 
letters, duration — 2 minutes. The measured results are the number 
of incorrectly highlighted words and the number of missed words. 
The level of stability and concentration of attention can be low, 
below average, average, above average, and high. 

Statistical data processing was performed using the methods 
of parametric and nonparametric analysis. The distribution 
of quantitative variables was assessed using the Shapiro–
Wilk test when number of indicators was below 50 
and the Kolmogorov–Smirnov test when it exceeded 50.

We used the standard methods of descriptive statistics: 
calculated means, standard deviations, medians, ranges (minimum 
and maximum), 25th–75th percentiles, and coefficients of variation.

For the comparative assessment of changes in quantitative 
indicators, we used the parametric Student’s t-test for normally 
distributed data. In the case of a non-normal distribution, 
the Mann–Whitney test was applied for two independent 
groups, the Wilcoxon test for two dependent groups, 
and the Kruskal–Wallis test for several independent groups. 

To study the relationship, we used the correlation analysis 
methods. The Pearson correlation coefficient was used to assess 
the strength of the relationship between quantitative indicators 
with a normal distribution, and the Spearman rank correlation — 
for variables with non-normal distributions. Correlation coefficients 
were interpreted using the Chaddock scale: weak (0.1–0.3), 
moderate (0.3–0.5), strong (0.5–0.7), high (0.7–0.9), very high 
(0.9–0.99). The significance of the relationship was assessed 
using the Student's t-test, and the relationship was considered 
significant at p < 0.05.

Statistical processing was performed in STATISTICA 10 (StatSoft; 
USA) and MS Office Excel 2016 (Microsoft; USA).

RESULTS

The assessment of the actual dynamics of temperature, relative 
humidity, and CO

2
 concentration was performed to determine the 

cause-effect relationship of these parameters and the functional 

state of students. The recorded values of the indicators generally 
varied highly. During the first shift, the mean air temperature was 
within acceptable limits. In the second shift, we registered values 
exceeding the norm: the temperature in Room 2 was significantly 
higher than that recorded earlier in Room 1 through all three 
lessons (p < 0.001 for each comparison). The relative humidity 
in Room 1 was significantly higher than in Room 2 during all 
lessons (p < 0.001). The CO

2
 concentration varied greatly during 

the school day in both classrooms, reaching values significantly 
exceeding those recommended in the hygienic standard 
(800–1000 ppm, GOST R EN 13779—2007 "Ventilation 
in non-residential buildings. Technical requirements for ventilation 
and air conditioning systems"). Significant differences in CO

2
 

concentration between shifts were observed only in the second 
lesson (p = 0.049); in the first and third lessons, the values
of this parameter did not differ significantly (p > 0.05). 
The dynamics of indicators within each shift also deserves 
attention. In Room 1, the CO

2
 concentration increased 

from the first to the second lesson (from an average of 1312 
to 2586 ppm), and decreased by the third lesson (2039 ppm), 
remaining high. In Room 2, the CO

2
 concentration increased 

from the first to the second lesson (from 1443 to 2097 ppm) 
and remained almost unchanged in the third lesson (2098 ppm). 
Thus, we identified stable differences in temperature and humidity 
between shifts, while the differences in CO

2
 concentration were 

unsystematic (Table).
It should be noted that although the ventilation and heating 

systems are in working condition and hygienic requirements 
for classroom cleaning and airing are met, the microclimate 
parameters and carbon dioxide concentration indicate that 
the current preventive measures are not sufficiently effective. 
This highlights the need for new engineering solutions to ensure 
optimal air quality in classrooms.

Over the course the school day, the classroom microclimate 
indicators, including carbon dioxide concentration, generally 
increased from the 1st to the 6th lesson. This increase was 
associated with the growth of proportion of schoolchildren whose 
performance dropped significantly — by more than 30% (p < 0.05; 
Fig. 1A). “At the same time, we observed a more drastic drop 
in the share of well-performing students during the first shift —
by more than 40% (p < 0.01 for the pairwise comparison 
of proportions between the 1st and 6th lessons). By the end 
of the school day (second shift), there were no schoolchildren 
showing a high level of performance, and the differences 
in the distribution of the performance indicators between 
the beginning and the end of the school day were significant 
(p < 0.001). These changes, together with the influence of the studied 
factors, may result from the natural buildup of fatigue by the end 
of the second shift (Fig. 1B).
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Fig. 2. Dispersion diagram of correlations between CO
2
 concentration, temperature, relative humidity, and the performance coefficient
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The characteristic of the performance coefficient depending 
on the actual dynamics of the microclimate and carbon dioxide 
concentration is shown in Fig. 2. Using the Spearman's rank 
correlation coefficient, we found significant inverse moderately 
strong relationships between the performance coefficient and 
CO

2
 concentration (r = –0.464, r2 = –0.198, p = –0.0000), 

as well as weak ones between the performance coefficient 
and air temperature (r = –0.327, r2 = –0.118, p = –0,000). 
As for humidity, it did not affect the said coefficient significantly 
(r = –0.056, r2 = –0.003, p = –0.821).

The evaluation of the dependence of mnemonic processes 
on the dynamics of microclimate and carbon dioxide 
concentration (using Spearman's rank correlation coefficient) 

revealed significant inverse relationships of moderate strength 
between memory performance and CO

2
 concentration (r = –0.500, 

r2 = 0.254, p = 0.001), as well as between memory performance 
and air temperature (r = –0.384, r2 = 0.141, p = 0.002). 
The relationship between memory performance and relative 
humidity was insignificant (r = –0.060,r2 = –0.002, p = –0.577).

A comparative assessment of short-term memory showed 
that, over the study period, the proportion of students whose 
short-term memory remained highly effective by the end 
of the school day decreased from 22.7% to 9.1%, while 
the proportion of those who demonstrated low accuracy and poor 
short-term memory efficiency increased from 6.8% to 18.2% 
(Fig. 3A). This finding is relevant to both shifts: in the first shift, 

Fig. 1. Characteristics of schoolchildren by performance, %
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Fig. 4. Distribution of students' short-term memory efficiency depending on the actual 
carbon dioxide concentrations over the entire monitoring period
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the considered indicator dropped by 15.4%, in the second shift — 
by 10.9% (Fig. 3B).

The share of students with low mnemonic efficiency is greatest 
at the highest carbon dioxide levels (Fig. 4).

Using the Munsterberg test [22], we assessed the selectivity 
and volume of attention in the dynamics of the school day. 
This test allows determining the degree of fatigue depending 
on the actual indicators of the microclimate and CO

2
 concentration.

The results of the test, which reflect the dependence 
of the number of correct answers on the parameters 
of the microclimate and CO

2
 concentration in the classrooms, 

are shown in Fig. 5.
In the dynamics of the school day, the assessment of fatigue 

levels based on actual microclimate indicators and carbon 
dioxide concentration revealed a strong inverse correlation 
between CO

2
 concentration and the number of correct answers, 

both over the entire monitoring period and across study shifts 
(r = –0.599, r2 = 0.359, p < 0.0001) There was also a weak 
significant inverse relationship between fatigue indicators and air
temperature (r = –0.303, r2 = –0.092, p = –0.0004), as well 
as relative humidity (r = –0.244, r2 = –0.059, p = –0.005).

The largest proportion of respondents with the highest 
levels of fatigue was registered during periods when the optimal 
concentrations of carbon dioxide in the classroom air were 
exceeded (Fig. 6).

The distribution of students by attention span and selectivity 
also indicates that fatigue becomes more prevalent as the school 
day progresses. Over the entire observation period, the share 
of children with high fatigue levels increased by 70.4%: 
from 2.3% at the beginning to 72.7% by the end of lessons. 
Specifically, in the first shift, the proportion rose from 3.8% 
to 65.4%, and in the second shift — from 0% to 77.8%. In the 
background of this process, there is a progressive deterioration 
in the parameters of the air environment: carbon dioxide 
concentration, elevated from the outset (Table), increased 
by 1.5–2 times by the middle of the school day, significantly 
exceeding hygiene standards. In addition, during the second 
shift (Room 2), the air temperature was consistently above 
the permissible values, and the relative humidity decreased.

Fig. 3. Effectiveness of mnemonic processes among students throughout the school day, %
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DISCUSSION

The importance of maintaining good air quality in classrooms 
and other educational spaces is beyond doubt. Back in the 1980s, 
Russian scientists observed a direct relationship between air 
quality and the well-being, performance, and other functional 
indicators of students, as well as significant variability in the indoor 
microclimate under conditions of insufficient or imperfect air 
exchange [23, 24]. According to current interstate standards 
(GOST 30494—2011 "Residential and public buildings. Indoor 
climate parameters"; GOST R EN 13779—2007 "Ventilation 
in non-residential buildings. Technical requirements for ventilation 
and air conditioning systems"), carbon dioxide concentration 
is the main indicator of indoor air quality, serving both 
as an independent factor and as an integral marker of human-
related air pollution.

In this study, assessing the relationship between the parameters 
of the microclimate, CO

2
 concentration, and mental performance 
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Fig. 6. Distribution of students' fatigue levels depending on the actual carbon 
dioxide concentrations over the entire monitoring period
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Fig. 5. Dispersion diagram of correlations between microclimate indicators and CO
2
 concentration and the number of correct answers
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of students, we registered a progressive deterioration in their
functional state during the day. In Room 1, the number 
of students capable of high performance by the end of the first shift 
decreased by 30%, and in Room 2, there were no such students 
by the end of the second shift. The lack of high-performing 
schoolchildren by the end of the second shift deserves 
a special mention. There was a combination of factors behind 
this phenomenon: consistently increased air temperature 
throughout the day (exceeding the regulatory values) 
and a significant increase in the initially high concentration 
of CO

2
. Such a combination could have a negative effect.

Correlation analysis confirmed significant inverse relationships, 
moderately strong and weak, between performance indicators, 
mnemonic processes, fatigue, and microclimate parameters 
(CO

2
 concentration and air temperature). It is important to note

that although the observed correlations are consistent with 
the hypothesis of the influence of environmental factors, they 
do not allow an unambiguous declaration of cause-and-effect 
relationships. The data obtained indicate that a decline in performance 
and deterioration of cognitive functions (such as memory 
and concentration) over the course of the school day occur 
in parallel with a progressive deterioration in the parameters 
of the air environment. This is consistent with literature data 
indicating a link between weakening cognitive capabilities 
and elevated CO

2
 concentrations [25], as well as unfavorable 

microclimate parameters [26–29].
However, it is necessary to take into account the complex 

nature of the impact. The learning process itself is a burden, which 
naturally leads to fatigue. In the context of this observational 
study, it is impossible to fully isolate the contribution of the actual 
educational load and the contribution of the microclimate 
parameters to the observed deterioration of the functional 
state. Therefore, a more accurate conclusion is that when 
the learning process takes place under unfavorable air and thermal 
conditions (such as combined anthropogenic air pollution, high 
temperature, and low humidity), the development of fatigue 
and the deterioration of cognitive functions in students are more 
pronounced. The revealed relationships indicate the potential 
role of these environmental factors as aggravating components 
in the overall picture of learning fatigue.

Limitations and prospects of the study 

The limitations of the study include its observational design, 
which does not allow full control of all related factors (person-
specific variability of fatigue, pedagogical techniques, etc.), as 
well as measuring CO

2
 concentration as the main, but not 

the only, marker of air quality. Further controlled intervention 
studies are needed to more accurately establish cause-and-
effect relationships and assess the contribution of each factor. 
Such a study could include, for example, targeted adjustment 
of ventilation parameters and monitoring of a wider range 
of indoor air contaminants. The results of this work justify 
the need for continuous monitoring and the development 
of preventive measures to improve classroom air quality 
as an essential element of a healthy educational environment.

CONCLUSIONS

Continuous monitoring of temperature, relative humidity, 
and carbon dioxide concentration in educational facilities 
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revealed significant deviations from the regulated values 
of these parameters over the course of the school day. Room 2 
(second shift) had a higher temperature because it was heated 
continuously throughout the day, used for part-time activities 
in the morning, and exposed to sunlight in the afternoon. In contrast, 
Room 1, which was occupied only during the first shift, lacked 
these sources of heat and prolonged exposure. The lower 
relative humidity in Room 2 is consistent with the hypothesis 
of increased temperature and possible insufficient ventilation 
efficiency. High and comparable levels of carbon dioxide 
concentration in both classrooms, reaching values significantly 
exceeding the hygienic standard, indicate that the natural 
ventilation, managed by a pattern, is insufficient to ensure 
the necessary air exchange given the actual occupancy 
of classrooms. The increase in CO

2
 concentration by the second 

or third lesson reflects a typical accumulation of anthropogenic 
pollutants, and the absence of a systematic difference between 
classrooms suggests that the ventilation regime in place 
is ineffective at maintaining acceptable CO

2
 levels, regardless 

of the time of classes. Thus, the presented parameters 

of the microclimate and carbon dioxide were formed in the conditions 
of typical classrooms with natural ventilation and a standard but 
insufficiently effective air exchange regime, and the differences 
in temperature and humidity are primarily related to the different
times of use of classrooms during the day and the resulting 
differences in thermal balance. The correlation analysis 
confirmed that variations in classroom microclimate and carbon
dioxide concentration were associated with changes in students’ 
cognitive performance indicators. We have shown that 
elevated indoor carbon dioxide concentrations can reduce 
the effectiveness of mental performance, including shortterm 
memory, attention span, and concentration, and can significantly 
increase the proportion of students experiencing fatigue.

The results of this study make it possible to identify 
causal relationships within the system linking qualitative 
and quantitative indicators of air quality in educational institutions 
to the actual functional state of students. These relationships 
form the basis for developing a risk assessment system 
and a program to prevent adverse reactions in students’ 
functional body systems in general education settings.
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