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Abstract: Italy’s education landscape witnessed a significant reform with the introduction of alternat-
ing school-work programs known as the School-Work Alternating System (PTCO). This innovative
approach aims to enhance students’ transversal skills and career orientation while addressing crucial
health concerns, including indoor air and environmental quality within school environments. This
study, conducted at an Italian high school in collaboration with a university as part of a PTCO
initiative, engaged eight students in environmental monitoring data collection. The students focused
on thermal comfort, CO; levels, and microbiological pollutants, collecting data in 19 classrooms
and other school areas using professional instruments during February 2019. The results revealed
varying thermal comfort levels and acceptable room temperatures, but inadequate ventilation and
elevated CO; concentrations, particularly in crowded areas like the cafeteria. Microbial analysis
identified potential health hazards, underscoring the need for proactive indoor air and environmental
quality measures. Post-intervention data showed improved CO, levels, suggesting increased student
awareness about the importance of air circulation. Engaging students in indoor air and environmental
quality research through PTCO fosters critical thinking and civic engagement, which are crucial
for sustainable development. Advocating for improved ventilation and periodic indoor air and
environmental quality assessments aligns with the United Nations” 2030 Agenda for Sustainable
Development, particularly Goal 3 (Good Health and Well-being) and Goal 4 (Quality Education). The
PTCO initiative empowers students to tackle real-world challenges like indoor air and environmental
quality, developing essential skills and promoting positive change. Further research and policy
efforts are needed to ensure equitable access to healthy learning environments, contributing to both
educational success and long-term environmental sustainability.

Keywords: environmental education; schools; indoor air; ventilation; thermal comfort

1. Introduction

Many countries in Europe, including Italy, are currently developing and implementing
policies that facilitate the school-to-work transition. In Italy, the school reform introduced
with the law called “La Buona Scuola” [1] established a compulsory alternating school-
work programme as an innovative education method, named School-Work Alternating
System, mandatory for all learners in the last three years of upper secondary school [1,2].

The school-work alternating system has recently been renamed Pathways for transver-
sal skills and orientation (PTCO) [3]. Students alternate between periods of traditional
classroom-based learning in school and periods of practical work experience in a profes-
sional setting, often involving specific initiatives to strengthen laboratory methodologies
and activities. Universities regularly offer transversal skills pathways to high school
students at their departments and laboratories, considering the students’ aptitude and
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educational background to create a unique educational and professional experience. The
definition of the project is established in collaboration between university tutors and
schoolteachers, and the activities can involve different areas.

In this context, the PTCO could also be considered an opportunity to increase students
interest in health and provide tools to gain awareness of responsible healthy behaviours.

An activity that is very useful and appreciated by the students during their trainee-
ships at the universities is the involvement in the data collection of real research projects,
especially those that collect data on variables that affect their health or the assessment of
the quality of the school environment.

School buildings represent for students the indoor environment where they spend
most of their time, after their homes, and according to relevant national and international
research, indoor air quality environments influence their health [4-9].

The data published by the Italian Ministry of Education, Universities, and Research
in the school year 2023/2024 showed that the Italian school system was composed of
40,321 schools, more than 7 million students, and a population of more than 800 thousand
school teachers, without counting the educational services employees, the cleaning staff,
and the parents who frequently go to these institutions [10]. Many people study, teach,
or work in Italian schools, and their well-being, concentration, satisfaction, performance,
and absenteeism could depend on indoor air and environmental quality in the schools
they attend or work in; thus, monitoring the air quality in these buildings represents an
important area of research [5,11-13].

Indoor air quality is considered to be a basic requirement for human health and
well-being, and school facilities are recognised as one of the most influencing concerns in
terms of health effects; non-specific symptoms such as coughing, headache, eye irritation,
and fatigue are all connected to poor indoor air quality in non-industrial buildings like
offices and schools [14]. All this can be associated with physical stress and can also be
responsible for low profit, reduced occupant productivity, reduced attendance, and reduced
satisfaction [15-22].

Those distresses often depend on thermal discomfort [23-25], which is perceived in
too-cold or overheated classrooms, and the humidity factor, which can both directly and
indirectly influence the health. In fact, a relatively low relative humidity (RH) can cause
eye irritation, while a relatively high RH prevents proper evaporative cooling of the human
body, which usually results in remarkable discomfort or exhaustion.

One of the effects of a high RH is the more elevated presence of moulds and bacteria
that proliferate better in these conditions. They are mainly transmitted by air, and the
main health effects associated with their exposure are hypersensitivity reactions (allergy),
infections, and irritation [4,26,27].

Indoor carbon dioxide concentration (CO,) is another important aspect to consider,
and the air exhaled by humans is usually the main source of CO; in schools [28,29]. An
elevated carbon dioxide concentration has several health effects, including irritation and
discomfort for the occupants [30-32]. CO; is rarely found at levels that pose a health
risk in buildings. However, it is frequently used as a surrogate measure of ventilation
effectiveness. The ventilation rate is essential as it affects the dilution of indoor-generated
pollutants, removes unpleasant smells, introduces outdoor air, keeps indoor air circulating,
and prevents stagnation of the indoor air. Inadequate ventilation is a common problem in
many school facilities worldwide [25,33].

Compared to other indoor environments, schools are characterized by their high level of
occupancy, and human occupants represent the main source of bioaerosol at school that can be
generated through talking, coughing, and sneezing microorganisms of which man is a carrier
that can be scattered in the ambient, and their proliferation can result in many diseases [34-36].

As previously mentioned, the well-being, concentration, satisfaction, performance,
and absenteeism of many individuals studying, teaching, or working in schools may be
influenced by the indoor air and environmental quality in these environments. Thus,
monitoring the air quality in these buildings represents an important area of research.
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Although the assessment of schools” indoor air and environmental quality has been
previously investigated [14,37], there are no studies based on analysis derived from data
collected during school educational interventions using professional instruments and
university tutors’ supervision. Therefore, we decided to promote a traineeship for data
collection to assess indoor air quality in school facilities.

Integrating this type of experience into ordinary school activities helps students
develop transversal skills such as critical thinking, problem solving, and interdisciplinary
collaboration. It provides students with a real-world context, allowing them to apply
theoretical knowledge to practical situations, fostering a holistic educational experience.

In addition, understanding and addressing indoor air and environmental quality align
with broader sustainability and health goals, particularly in the context of ensuring healthy
living environments and promoting quality education. The United Nations” 2030 Agenda
for Sustainable Development underscores the importance of providing safe and inclusive
learning environments as part of its Goal 4 (Quality Education) and highlights the need for
good health and well-being (Goal 3). By integrating indoor air and environmental quality
monitoring into the School-Work Alternating System, this research not only addresses
immediate health concerns but also contributes to the development of sustainable practices
in educational institutions.

Therefore, the scope of the present paper is to illustrate an experience of PTCO involv-
ing students from an Italian high school in February 2019. The first aim was to investigate
the air quality of school buildings and its implication on health by providing a field re-
search experience based on the active participation of the students through the deepening
of theoretical knowledge and practical experience. A second and more specific aim of our
research was to assess the thermal comfort, carbon dioxide level, and microbiological air
quality in an Italian high school with data collected by the students under the supervision
of the university tutors.

2. Materials and Methods
2.1. Participants and Procedure

The research was conducted in a high school in central Italy and was part of a PCTO
project with the University of Cassino and Southern Lazio (Italy).

The first phase of the project consisted of two meetings conducted by university
tutors with students of two classes of the school, selected from the classes with biomedical
curriculum, to illustrate indoor environmental quality as a determinant of health: its
characteristics, physical, chemical, and microbial contamination, and the influence of the
occupants on indoor air and environmental quality.

For the second phase of the project, eight students were chosen (20% of the total
students in two classes), according to their interest and availability to participate, to learn
more about the study’s conceptual framework and its implications for the research that
would be conducted inside the school. The selected students visited the Hygiene Laboratory
at the University of Cassino and Southern Lazio to learn more about the instruments,
laboratory management, and opportunities in academia in general. During this stage, eight
students received intensive training from university professors and staff on how to use
the equipment required for research. The intervention for the eight students included
theoretical seminars on air quality, literature research, preparation of culture media, air
sampling, and learning how to use the relevant instruments. Along with explaining how to
perform a scientific literature search, the researchers assisted the students in creating the
study’s research procedure.

In the third phase of the project, before sampling, the students actively participated in
the search, illustrated the purpose and the modalities of the research to the other students
in their classrooms, and teachers were asked to keep the windows closed.

The fourth phase of the project consisted of data collection in the classrooms of
the school.
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The fifth phase consisted of data analysis carried out exclusively by the University
tutors and staff.

The sixth phase consisted of presenting the results to the other students during a
dedicated event.

The seventh and last phase consisted of a second data collection of the CO, in the
classrooms.

A graphic representation of the methodology is shown in Figure 1.

Phase 1: Introduction to Indoor Environmental Quality (IEQ)

Students from 2 classes | 2 lectures from University tutors ‘

Phase 2: Training and Preparation

8 students | Training on equipment usage and research procedures ‘

Phase 3: Preparatory Activities

8 students | Peers education + Teachers briefing ‘

Phase 4: Data Collection (Thermal comfort + microbial contamination)

8 students | 19 classrooms and other school environments ‘

Phase 5: Data Analysis

University tutors and staff |

Phase 6: Results presentation

to the other students during a dedicated event. ‘

Phase 7: New data collection (CO,)

in the classrooms (assessment of the intervention) ‘

Figure 1. Methodology overview.

The school building where the research took place includes the ground floor and
the first and second floors. It is equipped with water-filled radiators that operate only
during the season (November-March). It is naturally ventilated, and air changes occur
only through manually operable doors and windows. A detailed description of classroom
characteristics is shown in Table 1.

Of 41 classrooms, 19 were sampled, and measurements were performed in the class-
rooms during February between 10:00 a.m. and 01:30 p.m. in occupied classes or those that
were just left unoccupied by the students (17 occupied, two not occupied due to physical
education lessons). The classrooms were chosen according to the floor and sun exposure,
ensuring representativeness. The cafeteria, gym, computer and science laboratories (two
rooms), teachers’ room, and corridors (two for each floor, a total of six) were also considered
in our investigation. Outdoor control sampling was performed for comparison. The second
data collection was performed in March of the same year in the same classrooms and
consisted of the CO, assessment that we used as an indirect measure of the success of
the intervention.
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Table 1. Characteristics of the school and the 19 classrooms analysed in an Italian high school
(measured in February 2019).

Classrooms
(N.19)
N. %
Nr of students in classroom (mean) 22 /
Grade
1 (14 years old) 4 21.05
2 (15 years old) 5 26.32
3 (16 years old) 4 21.05
4(17 years old) 3 15.79
5 (18-19 years old) 3 15.79
Classrooms levels
Ground floor 4 21.05
First floor 8 42.11
Second floor 7 36.84
m? classroom (mean) 49.6 /
Classroom volume (m?) (mean) 142.7 /
m3/ person (mean) 6.5 /
Flooring
Ceramic tiles 19/19 100%
Wall covering
Painted 19/19 100%
Type of windows
Aluminum 19/19 100%
Type of ventilation
Natural 19/19 100%
Classroom orientation
South-east 9 47.37%
South-west 10 52.63/%
Sun exposure
Direct 8 4211
Indirect 11 57.89
Type of heating
Gas 19/19 100%

2.2. Instrumentation

To evaluate indoor environmental quality, measurements of thermal comfort, CO,
levels, and microbial air sampling were performed by the students, assisted by the uni-
versity tutors. Environmental samples were collected during two periods: February and
March 2019. Sampling sessions were conducted within a time frame from 10:00 a.m. to
1:30 p.m. each day, during which we collected data from multiple areas of the school. For
each area, data collection occurred only once and lasted for 3040 min. The total data
collection process took 5 days to complete.

Thermal comfort was evaluated by assessing air temperature, globe temperature,
relative humidity (RH), air speed, and Fanger’s Indices, Predicted Mean Vote (PMV), and



Sustainability 2024, 16, 6612

6 of 14

Predicted Percentage of Dissatisfied (PPD), according to ISO 7730 [38]. For the measure-
ments, the thermal microclimate HD32.3 delta OHM was used and placed in the central
area of each classroom at the height of approximately 1.5 m from the ground.

The data analysis was carried out in reference to the limits indicated by Italian leg-
islative decree 81/2008 for the values of air temperature (20 + 2 °C) and relative humidity
during the winter (45-55%) [39].

The standard UNI EN ISO 7730 (PMV—0.5/+0.5, PPD < 10%) was used to assess
thermal comfort about air speed (0.05-0.15 m/s) [38].

The concentration of carbon dioxide (CO,) was assessed using Q-trak (trust science
innovation) type 7565 certified ISO 9001 [40].

For the assessment of the concentration of CO, in terms of air quality, we considered
the recommended limit for school classrooms of 1000 ppm [31,34,36,41].

Microbiological air sampling was performed using the Surface Air System DUO SAS
360 (PBI International), a plate impact active sampler, and using 90-mm Petri dishes.

The instrument was placed centrally in classrooms at students” breathing heights
(1.5 m) with a sampled air volume of 200 L [4,19,32]. Samples were transported refrigerated
to the lab within four hours. Various culture media were used for different microbes,
and Petri dishes were incubated at specified temperatures. Colony concentrations were
expressed as colony-forming units (CFU) per cubic meter of air [42]. Microbial contamina-
tion was evaluated using bacterial and fungal counts, with the global index of microbial
contamination (GIMC) calculated [43-46], categorizing levels from very low (<500) to very
high (>10,000) [43,44].

For the identification of bacteria, the BD BBL crystal system has been used. This is a
miniaturized identification method employing modified conventional, fluorogenic, and
chromogenic substrates.

2.3. Data Analysis

An observational study was carried out. From a statistical standpoint, the study
focused on the descriptive analysis of collected data concerning indoor air quality in school
facilities. Mean values and standard deviations were calculated for the key parameters
outlined in the methodology.

Statistical analyses were performed using the Epilnfo 7.2 statistical package, and the
level of statistical significance was set at p < 0.05.

3. Results

This section reveals insightful findings regarding indoor air and environmental qual-
ity in school facilities, a crucial aspect of students’ health and well-being. Through the
collaborative efforts of students and university tutors within the PTCO programme, com-
prehensive assessments were conducted to evaluate thermal comfort, carbon dioxide levels,
and microbiological contamination across various school environments. The results are
summarised in Table 2.

Room temperatures in the classrooms exhibited a mean value of 23.2 °C (£1.4). These
data results were slightly higher than the reference range (20 °C & 2 °C) and in no case was the
temperature lower, except for in the gym, which had a room temperature of 15.1 °C. Humidity
values (classes’ range 43.4-60.5%) were found to comply with the norm, except for the teachers’
room and the cafeteria, where RH values were below the reference range [39]. Airspeed
measurements were generally low, averaging 0.02 m/s in both classrooms and hallways. The
values relating to the air speed in some classes were below the norm indicated as 0.04-0.15, and
in six classes, they were equal to 0.00 m/s. Notably, carbon dioxide concentrations exceeded
the recommended levels in several areas, particularly in the cafeteria and IT laboratory, with
mean values ranging from 458 ppm to 2701 ppm. In the classrooms, the mean CO; level was
2555.5. In almost all classes, the PMV index indicated acceptable thermal comfort levels in
most locations, with minor deviations observed in the gym. It was optimal in 89.5% of the
classes, only exceeding the suggested value (40.05) in the remaining ones, where PPD also
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showed values higher than only 2-3%. However, the PPD index suggested discomfort in the
gym (93%), which was likely attributed to the lower temperature. A second data collection for
CO, was performed at the end of March 2019, one month after the presentation of the analysis
of the results to the classes. Data analysis showed better values of CO; in the classrooms with
a mean ppm of 912.75.

The concentration of CO, inside school classrooms is a crucial indicator of indoor air
quality and ventilation efficiency. Typically, CO; levels in indoor environments are higher
than those outdoors due to human respiration, especially in densely populated settings like
classrooms and in naturally ventilated schools where the only possible air exchange occurs
due to the opening of doors and windows. In our study, we observed that the CO, levels
inside the classrooms were significantly higher, indicating inadequate ventilation within
the school. Outdoor CO; levels were not assessed in this study because the school is located
on the outskirts of the city, away from the central urban area and sources of pollution.

Table 2. Thermal comfort parameters in the 19 classrooms and other school environments in an
Italian high school (measured in February 2019).

e e G Cafeeria TR KR e Outdoor
SD SD

Room temperature (°C) 23.2 +14 23.2 +14 15.1 25.8 22 23.7 21.9 12.6
Floor temperature (°C) 215 +1.3 NA NA NA NA NA NA NA NA
Relative Humidity (%) 52.9 +5.7 529 +5.7 53.8 35 37.1 50.4 48 NA
Air speed (m/s) 0.02 +0.02 0.02 +0.02 NA NA NA NA NA NA
CO; (ppm) 2555.6  +1073.7 2382.6 +1073.7 638 1224 702 2701 458 NA
PMV —0.07 +0.29 0.23 +138 25 0.4 -0.7 —0.1 —04 NA
PPD (%) 6.7 +2.3 6.7 +2.3 93 7.5 14.7 5.1 7.8 NA

NA: not assessed.

The microbial contamination levels in various areas of the school premises are sum-
marised in Table 3. The mean levels of mesophilic bacteria in classrooms were 334.55 cfu/m?3
(£334.4), and the Global Index of Microbial Contamination (GIMC) averaged 729.95 (£464.5),
categorizing them as low-contamination areas.

The cafeteria showed notably higher mesophilic bacteria (622 cfu/m3) and a GIMC
of 797, indicating slightly elevated contamination compared to classrooms. The teachers’
room had the lowest contamination levels, with mesophilic bacteria at 67 cfu/ m3 and a
GIMC of 144. The gym had moderate contamination, with a GIMC of 732, and the computer
lab had low microbial levels, with a GIMC of 160. The science lab exhibited high levels
of fungi/moulds (320 cfu/m3), leading to a GIMC of 646. Hallways displayed variable
contamination, with mesophilic bacteria at 269 cfu/m? (+£158) and a GIMC of 729.7 (4-128.6).
The outdoor area had the highest psychrotrophic bacteria (1100 cfu/m?) and a GIMC of
1237, indicating a higher microbial presence due to environmental factors. Staphylococci
bacteria were predominantly found in the hallways and in the cafeteria. Gram-negative
bacteria were generally absent. Fungal and mould concentrations varied, with the highest
levels observed in the hallways and outdoors. Overall, 47% of classrooms had very low
microbial air contamination, with only 15.8% exhibiting intermediate contamination levels.
The teacher’s room and computer labs had low contamination, while the gym and cafeteria
showed intermediate levels.

The specific results of the microbiological analysis across the 19 classrooms investi-
gated and the outdoor area are presented in Table 4 and revealed significant variability
in microbial contamination. The highest levels of mesophilic bacteria recorded were
1355 cfu/m?3, and the highest Global Index of Microbial Contamination (GIMC) was 1945.
In contrast, the lowest mesophilic bacteria level found was 47 cfu/ m3, and the lowest GIMC
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was 209. The outdoor area had high levels of psychrotrophic bacteria (1100 cfu/m3), but
lower mesophilic bacteria (27 cfu/m?®) compared to indoors. Classrooms 7 and 6 showed
high GIMC values, highlighting areas with significant microbial activity. Fungi and moulds
varied, with Classroom 7 having the highest concentration (290 cfu/m3). Most classrooms
had no gram-negative bacteria, except for a few with a minimal presence.

Table 3. Results of microbiological analysis in classrooms (mean) and other rooms in an Italian high
school (measured in February 2019).

Mesoph} lic PSyCOtI‘OthllC Staphyococci Gram-Bacteria ~ Fungi/Moulds
Bacteria Bacteria 3 3 3 GIMC *
3 3 (cfu m?) (cfum?) (cfu m?)
(cfu m?) (cfum?®)
Classrooms (mean =+ SD) 334.55; +-334.4 307.65; £128.4 0 1.5, £3.3 87.75; £86 729.95; £464.5
Cafeteria 622 130 75 0 45 797
Teachers’ room 67 47 25 0 30 144
Gym 375 292 35 5 65 732
Computer lab 100 60 25 0 0 160
Science lab 34 292 4 0 320 646
Hallways (mean =+ SD) 269; £158 198; £59.6 167.3; £128.2 0 250.7; +£59.3 729.7, £128.6
Outdoor 27 1100 20 0 95 1237

* Global Index of Microbial Contamination (GIMC) assessment: very low category: <500; low if <1000; intermediate
>1000; high if >5000; and very high if >10,000.

Table 4. Results of microbiological analysis inside the 19 classrooms investigated and in the outdoor
area of an Italian high school (measured in February 2019).

Mesophilic Bacteria Psycotrophilic Bacteria Staphylococci Gram-Bacteria Fungi/Moulds GIMC *
(cfu m?) (cfum®) (cfu m?) (cfum®) (cfum?)

classroom 1 402 330 35 0 135 867
classroom 2 630 400 45 5 75 1105
classroom 3 600 370 160 0 10 980
classroom 4 670 70 70 0 65 805
classroom 5 265 225 75 10 60 550
classroom 6 1355 495 190 10 95 1945
classroom 7 922 530 135 0 290 1742
classroom 8 92 162 0 0 175 429
classroom 9 75 220 50 0 70 365
classroom 10 320 320 90 0 140 780
classroom 11 197 167 75 5 65 429
classroom 12 75 290 15 0 60 425
classroom 13 75 170 30 0 0 245
classroom 14 47 132 65 0 30 209
classroom 15 137 117 40 0 60 314
classroom 16 267 290 5 0 60 617
classroom 17 350 380 55 0 140 870
classroom 18 95 300 55 0 55 450
classroom 19 90 85 85 0 60 235

Outdoor 27 1100 20 0 110 1237

* GIMC is the acronyms for Global Index of Microbial Contamination.
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4. Discussion

The implementation of PTCO provided a unique opportunity to integrate practical ex-
periences into the educational curriculum, developing students’ transversal skills essential
for their personal and professional growth and success in the modern workforce [47]. Stu-
dents actively participated in discussing and interpreting the findings of the indoor air and
environmental quality study, which enhanced their critical thinking and problem-solving
abilities. This peer-led dialogue not only enriched the educational experience but also high-
lighted the importance of student engagement in promoting healthier school environments.

Beyond the educational objective, this study focused on investigating indoor air and
environmental quality in school buildings, recognising its crucial role in student health and
well-being. In addressing the need for improved indoor environmental quality in schools,
Shendell et al. (2004) provide practical, science-based recommendations aimed at reducing
exposure to biological, chemical, and physical hazards, emphasizing the importance of
effective ventilation, moisture control, and the use of non-toxic materials [48].

Our study’s findings offer a thorough examination of the school environment’s micro-
biological contamination, air quality, and thermal comfort. Although slightly higher than
the reference norms, the room and floor temperatures were generally within acceptable
ranges for thermal comfort. A notable exception was the gym, where the temperature
dropped to as low as 15.1 °C. Except for a few places, such as the teachers’ room and
the cafeteria, humidity levels were generally within acceptable ranges. Air speed mea-
surements frequently showed numbers that fell outside the advised range, and several
classes showed no air movement. Fanger’s indices revealed that most classrooms had
the ideal level of thermal comfort, with a few minor exceptions. The findings regarding
thermal comfort parameters in our study suggest generally acceptable conditions in many
classrooms, with the predicted percentage of dissatisfied students never exceeding 13%. In
fact, we noticed that classes with the best PPD and PMYV levels have the best temperatures,
but also show the lowest air speeds and highest levels of CO,.

Nearly all classrooms exhibited elevated carbon dioxide concentrations, suggesting
inadequate ventilation, which could be influenced by the winter season (February—March)
when natural ventilation through windows and doors is limited. Furthermore, we recorded
high levels of CO; in hallways, where windows are also rarely opened during the winter,
in the cafeteria, probably the most crowded environment of our school, and in the com-
puter laboratory, where we registered high levels as well. Critical issues concerning low
air velocities, often reaching 0 m/s, indicate insufficient air movement due to infrequent
window openings. This stagnant air contributes to elevated carbon dioxide (CO,) levels,
which exceed the recommended standards in most classrooms, reaching almost 5000 ppm
in one instance. As proved by previous studies, longer airing periods produce lower
indoor CO, concentrations and other gaseous indoor-generated pollutants [49]. High CO,
concentrations pose health risks, including headaches, dizziness, and nausea, highlighting
the importance of effective ventilation strategies [21,29,31]. The installation of mechanical
ventilation systems could mitigate these issues, as demonstrated in studies showing im-
proved air exchange rates and decreased CO, concentrations following ventilation system
upgrades [27]. In their study, Smedje and Norbéack [27] studied the change in indoor air
quality in schools that renewed their ventilation systems. They observed that air exchange
rates improved and associated CO, concentrations decreased on average by 270 ppm be-
cause of the new ventilation system. Furthermore, they also reported a significant decrease
in relative humidity in schools with a new ventilation system (—10%) compared with
schools that did not change their ventilation system (—2%). However, it is essential to
acknowledge the challenges associated with mechanical ventilation systems. They entail
considerable costs for acquisition, installation, and maintenance. In addition, regular clean-
ing and frequent replacement of philtres are necessary to prevent contamination and the
spread of microbes and pathogens within the building [29].

Microbial analysis revealed Staphylococcus spp. and other bacteria, indicative of
potential health hazards. Comparison with previous studies suggests some improvement
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in air quality parameters over time but highlights the need for ongoing efforts to enhance
indoor environmental quality for the well-being of students and staff [32].

Despite these challenges, the data did not reveal immediate health risks, emphasis-
ing the opportunity for proactive measures to improve indoor air quality and ensure a
favourable learning environment [26,50-52].

The results of the second data collection, which took place only in the classrooms and
included only CO,, suggest that the intervention had a positive impact on reducing CO,
levels. The mean CO, concentration decreased significantly from the initial 2555.5 ppm to
912.75 ppm, indicating improved ventilation practices and possibly more frequent airing of
classrooms. This notable reduction highlights the efficacy of the implemented measures and
underscores the potential for continuous improvement in indoor air and environmental
quality through targeted interventions. Further monitoring and sustained efforts are
essential to maintain these improved conditions and to extend similar interventions to
other areas within the school premises.

Strengths and Limitations

This study employed a practical approach in which students actively participated in
environmental monitoring within their school, offering a unique educational experience.
The results were presented as a peer education intervention that potentially contributed
to enhancing knowledge, attitudes, and beliefs regarding indoor air and environmental
quality among students, empowering them to make informed decisions. Furthermore, this
study tried to bridge the gap between theoretical knowledge and practical application by
integrating real-world research experiences into the educational curriculum.

In our study, the experiential learning approach has shown the potential to deepen
students” understanding of the relationship between human activities and environmental
outcomes, fostering a sense of responsibility and stewardship [53]. By involving students
in identifying and addressing indoor air and environmental quality challenges within their
school, and presenting the results to their peers, the PTCO initiative has promoted civic
engagement and community empowerment, positioning students as agents of positive
change within their local communities [54]. According to previous studies, this approach
nurtures a growth mindset, encouraging a passion for inquiry and discovery [55,56], and
enhances interpersonal skills, empathy, and social and emotional intelligence as students
work together to tackle complex problems and navigate diverse perspectives [57], preparing
them for success in an increasingly interconnected and globalized world [58-60].

However, this study has several limitations.

While the transformative potential of experiential learning is well-supported by studies
on internships and cooperative education programs [61,62], we acknowledge that a formal
evaluation of the educational interventions, including a follow-up data collection, was
planned but could not be completed due to the COVID-19 pandemic. The effectiveness of
the educational intervention and student satisfaction were not directly measured, although
the successful execution of the data collection process and the improved CO, values
recorded after the intervention can be considered positive indicators.

Another limitation is that the sample was not fully representative of the entire high
school population because the selection of the school was based on participation in the
PCTO project, potentially introducing bias. From a structural and environmental point
of view, data analysis excluded cross-referencing with structural characteristics of the
school and classrooms, limiting the depth of insights into potential correlations between
environmental factors and school infrastructure.

Moreover, the indoor environmental monitoring was conducted over a relatively short
period (30-40 min), which may not capture fluctuations in air quality throughout the day
or across seasons. In addition, the study primarily focused on the winter period, and the
influence of seasonal variations on indoor air and environmental quality was not explored.
Future research covering different seasons is required.
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Overall, while the study offers valuable insights into student-led environmental moni-
toring and peer education initiatives, addressing these limitations could further enhance
the robustness and applicability of future research in this area.

5. Conclusions

Ensuring adequate ventilation and addressing indoor air and environmental quality
issues are essential steps towards fostering a healthy and conducive learning environment.
This research demonstrates that involving students in environmental monitoring through
programs like School-Work Alternating System can significantly enhance their understand-
ing of sustainability challenges and equip them with the skills necessary to address these
issues. By promoting experiential learning and civic engagement, the PTCO initiative
supports the broader goals of sustainable development, contributing to both educational
and environmental sustainability. With the identification of important elements, including
thermal comfort, indoor carbon dioxide, as an indicator of ventilation, and indoor air micro-
biological pollutants to which students are exposed, this study offers insightful information
on the school environment. The findings highlight the critical need for on-going monitoring
and improvement of indoor air and environmental quality in schools, underscoring the im-
portance of more frequent ventilation practices by airing out classrooms during breaks and
between lessons, especially if there is no mechanical ventilation system that can regulate the
temperature, humidity, and air speed. By encouraging students to actively participate in
discussions and propose solutions based on scientific evidence, our intervention promoted
a sense of ownership and responsibility towards improving indoor air and environmental
quality and overall well-being within the school community.

Future research should focus on expanding such initiatives to maximize the impact
of experiential learning on student development and well-being, and to integrate compre-
hensive indoor air and environmental quality management strategies in schools, ensuring
long-term benefits for students” health and well-being in line with the 2030 Agenda for
Sustainable Development.
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