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Abstract

Indoor air quality (IAQ) is an essential component of a healthy indoor environment , which is necessary for occupants’ comfort and well-being. The poor
IAQ in kindergartens has a negative effect on children’s learning performance and increases their chance of developing asthma and other respiratory
diseases which cause absenteeism. Since children spend a significant amount of time in kindergartens, it is important to acknowledge studies have been
conducted and have identified the needs for IAQ improvement. This paper explores the IAQ research patterns in Malaysia from 2010 to 2021 using thematic
review. The themed review was conducted by examining articles from four electronic databases: Web of Science, Science Direct, SCOPUS, and Google
Scholar. Information on IAQ in kindergarten were extracted from 22 studies, which identified four main themes: indoor air contaminants, indoor air
exposure, physical environment, and intervention. The findings will be useful in future studies on IAQ in the kindergarten environment besides determining
areas that required further investigation.
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1.0 INTRODUCTION

IAQ refers to the air quality inside the building and surrounding area that can affect the health and well-being of building occupants. The
air within buildings can be more contaminated than outdoor air (United States Environmental Protection Agency, 2009) and is one of the
top five health risks posed by the environment (United States Environmental Protection Agency, 2013). IAQ in buildings is characterised
by various pollutants, such as particulate matter (PM2.5 and PM10), nitrogen oxide (NO₂), ozone (O3), carbon dioxide (CO₂), carbon
monoxide (CO), sulphur dioxide (SO₂), volatile organic compounds (VOCs), bacteria, and fungi. Indoor air concentrations are associated
with humidity, temperature, and air velocity. Different sources may directly or indirectly emit pollutants, and they can be categorised
according to their context, occupant, and building (Korsavi et al., 2018). Due to the number of sources and confined air volume in
buildings, the indoor air concentration in spaces fluctuates every hour, depending on space usage and indoor physical settings such as
ventilation systems and indoor activities (Vasile et al., 2020). This situation highlights the importance of IAQ in any indoor space where
humans, especially children, spend most of their time.

Children’s growth and development are influenced by the air quality that they breathe. IAQ is critical in kindergartens to keep
children and teachers safe, healthy, and productive. However, previous research indicated that various air contaminants are present in
classrooms, and they are sometimes at increased levels. A large body of evidence revealed that poor air quality could negatively affect
children’s health, particularly respiratory health, attendance, and academic achievement (Branco et al., 2020; Deng et al., 2016b; Sá et al.,
2019). Children are at greater risk of getting severe health consequences from indoor air since their bodies are still developing, and
processing toxins is physically more difficult for children. Furthermore, children are more susceptible to the effects of air contaminants
because they play closer to the ground, engage in more hand-to-mouth activities, and have a decreased ability to identify and protect
themselves from potential threats (Bridger, n.d.).

In Malaysia, the majority of parents send their children to kindergartens as a learning preparation before starting primary school
(Dahari & Ya, 2011). Early education has become an important component of children’s social development. Referring to the Sustainable
Development Goal (SDG) 4 and UNESCO’s approach to education in 2030, children will be equipped with basic early education before
entering primary education (UNESCO, 2015). In line with this agenda, the Ministry of Education Malaysia is determined to enrol all
children in kindergartens as early as four years old (MOE, 2013), increasing the demand for kindergartens every year. Based on Malaysia
Education Statistics 2019, there are currently a total of 6,152 government preschools and 613,247 kindergartens by other government
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agencies and private institutions (MOE, 2019). The establishment of kindergartens has two objectives: to care and to educate. Therefore, it
is important to provide a good indoor environment (Rahman et al., 2019; Salleh et al., 2015). The indoor environment includes the comfort
of IAQ, space, lighting, and aesthetics (Stankovic et al., 2015). IAQ is important in the kindergarten setting, especially in the current
COVID-19 pandemic where several studies have demonstrated that improved IAQ reduces the likelihood of coronavirus transmission in
indoor environments (Lovec et al., 2021; Morawska et al., 2020). Thus, this paper investigates past trends and current discussions on IAQ
in Malaysian kindergartens published between 2010 and 2021.

2.0 MATERIALS AND METHODS

The primary data sources were extracted from Web of Sciences, SCOPUS, Science Direct, and Google Scholar for additional sources. The
approach for thematic review used in this paper is based on Zairul (2021a, 2021b) and utilises ATLAS.ti 8 as the analysing tool. Thematic
analysis is used in this approach of inquiry. Thematic analysis is described as the process of detecting patterns and developing themes after
conducting substantial research on a subject (Clarke & Braun, 2013). As part of this investigation, the findings will be analysed and
interpreted to provide recommendations for future research on IAQ. The works of literature were chosen based on several selection criteria:
1) publications from 2010 to 2021, 2) the use of the keyword “indoor air quality” in the content, and 3) papers that focus on kindergartens,
preschools, or nursery schools in Malaysia. The study was focused to Malaysia to aid in the identification of future improvements to IAQ
in Malaysian kindergartens. Table 1 shows the search strings that were used to find relevant literature.

Table 1 Search strings from Web of Science, SCOPUS and Science Direct

Search strings
fromWeb of
Science

(ALL=(indoor air quality) AND (kindergarten OR preschool OR nursery school) AND (Malaysia)
Result = 12 articles

Search strings
from SCOPUS

TITLE-ABS-KEY ( ( ("indoor air quality") AND ("kindergarten" OR "preschool" OR "nursery school") ) ) AND
Malaysia AND ( LIMIT-TO (PUBYEAR, 2021 ) OR LIMIT-TO (PUBYEAR, 2020 ) OR LIMIT-TO
(PUBYEAR, 2019 ) OR LIMIT-TO (PUBYEAR, 2018 ) OR LIMIT-TO ( PUBYEAR, 2017 ) OR LIMIT-TO
(PUBYEAR, 2016 ) OR LIMIT-TO (PUBYEAR, 2015 ) OR LIMIT-TO (PUBYEAR, 2014 ) OR LIMIT-TO
(PUBYEAR, 2013 ) OR LIMIT-TO (PUBYEAR, 2012 ) OR LIMIT-TO ( PUBYEAR, 2011 ) OR LIMIT-TO
( PUBYEAR, 2010 ) )
Result = 6 articles

Search strings
from Science
Direct

(("indoor air quality") AND ("kindergarten" OR "preschool" OR "nursery school") AND “Malaysia”) Year: 2010-
2021
Result = 72 articles

From the Web of Science search, (ALL=(indoor air quality) AND (kindergarten OR preschool OR nursery school) AND (Malaysia)
generated 12 articles. From the SCOPUS search, the TITLE-ABS-KEY ( ( ("indoor air quality") AND ("kindergarten" OR "preschool" OR
"nursery school") ) ) AND Malaysia AND (LIMIT-TO (PUBYEAR, 2021) OR LIMIT-TO (PUBYEAR, 2020) OR LIMIT-TO
(PUBYEAR, 2019) OR LIMIT-TO (PUBYEAR, 2018) OR LIMIT-TO (PUBYEAR, 2017) OR LIMIT-TO (PUBYEAR, 2016) OR
LIMIT-TO (PUBYEAR, 2015) OR LIMIT-TO (PUBYEAR, 2014) OR LIMIT-TO (PUBYEAR, 2013) OR LIMIT-TO (PUBYEAR, 2012)
OR LIMIT-TO (PUBYEAR, 2011) OR LIMIT-TO (PUBYEAR, 2010) ) generated 6 articles on IAQ in Malaysia from 2010–2021. From
the Science Direct search, the term (("indoor air quality") AND ("kindergarten" OR "preschool" OR "nursery school") AND “Malaysia”)
yielded 72 articles. The next strings of searches used the Google Scholar database and yielded over 1,470 results. Therefore, we only
reviewed the first 10 result pages in Google Scholar. After removing duplicates and scanning all abstracts to remove irrelevant articles, 22
articles were identified for review as shown in Figure 1. All 22 articles were grouped into several themes. The review’s findings were
classified into two categories: quantitative and qualitative findings.
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Figure 1 Screening profile for thematic review

The articles were first entered into ATLAS.ti 8 software (textual analysis software) and then categorised into the following: 1) author,
2) issue number, 3) periodical, 4) publisher, 5) volume, and 6) year of publication. As a result, the articles were grouped, allowing them to
be evaluated based on their publication year and the pattern of discussion. Twenty-two articles were finalised using ATLAS.ti 8 after
several rounds of screening (Table 2). Over the last decade, numerous studies have examined IAQ. Publications on the subject are
increasing from year to year. This field of study became popular in 2015 and has continued to progress over time. However, there is no
publication on IAQ in 2020 due to the coronavirus (COVID-19) pandemic, which has forced the temporary closure of all kindergartens’
operations. At the time of this article was written, the year 2021 only has 1 publication.

Table 2 Reviewed articles according to year

Year Articles
2011 1
2013 1
2014 3
2015 5
2016 3
2017 2
2018 1
2019 5
2021 1
Total 22

According to Figure 2, a word cloud summary from the 22 articles captured the term “health” that was mentioned 468 times, while
“respiratory” was mentioned 329 times and “PM10” was mentioned 297 times. IAQ is presumed to be directly related to children’s health.

Figure 2 Word cloud summary of 22 articles

Studies included (n=22)

Records identified through Web of
Science search database (n=12)

Studies not eligible
according to inclusion
and exclusion criteria

(n=72)

Additional search through
Google Scholar search (n=10)

Records identified through
Science Direct search database

(n=72)

Records identified through
Scopus search database (n=6)

Duplication
removed (n=6)
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3.0 RESULTS AND DISCUSSIONS

Table 3 contains a list of publications and their classification into several subcategories. The trends and patterns generated 22 initial
codings after the recall of the 22 articles. After numerous iterations of code merging and re-coding in ATLAS.ti 8, the final patterns and
trends revealed four main themes on IAQ in kindergartens up to date. The four main themes are indoor air contaminants, indoor air
exposure, physical environment, and intervention.

Table 3 Documents to a theme table
Indoor air
contaminants

Indoor air
exposure

Physical
environment

Intervention

Rahman et al. (2019) √

Rawi et al. (2015) √

Salleh et al. (2016) √ √

Abas et al. (2021) √

Darus et al. (2019) √

Kamaruzzaman and Razak (2011) √

Zainudin et al. (2019) √

Sarijuddin et al. (2017) √

Salleh et al. (2015) √

Salleh et al. (2013) √ √ √

Nazri et al. (2017) √

Chua et al. (2015b) √

Nahar and Salleh (2019) √ √

Abdullah et al. (2019) √

Kamaruddin et al. (2015) √

Chua et al. (2015a) √

Asrul and Juliana (2017) √

Salleh et al. (2016) √

Wesley and Jalaludin (2015) √

Hisyam and Juliana (2014) √

Salleh et al. (2016) √ √

Aziz et al. (2014) √ √

Total 9 12 5 2

3.1 Indoor Air Contaminants

Most studies on the IAQ in Malaysian kindergarten environments focused on multipollutant monitoring studies. A study was conducted on
urban, suburban, and rural kindergartens in Selangor, which has the highest number of registered kindergartens (MOE, 2019).
Multipollutant monitoring includes particulate matter, gas contaminants, and biological contaminants (Figure 3). The most frequently
studied parameters are temperature, humidity, CO₂, VOCs, CO, PM2.5, PM10, bacteria, and fungi. The IAQ parameters measured were
compared with the Industry Code of Practice (ICOP) on IAQ 2010 (DOSH, 2010) established by the Department of Safety and Health of
the Ministry of Human Resources. Despite this ICOP was not intended for the kindergarten context, it is now utilised as an indicator for
evaluating the permitted concentration levels in an indoor setting.

The most investigated kindergarten is the landed kindergarten building located at a residential unit (Nahar & Salleh, 2019; Nazri et al.,
2017; Salleh et al., 2016), whereas another researcher did not mention the kindergarten’s building typology. Studies conducted in other
education buildings such as schools found three main factors influencing IAQ, namely outdoor traffic/surrounding areas, ventilation
condition, and occupancy (Hazrin et al., 2017; Rim et al., 2017). In the kindergarten environment, most researchers studied the IAQ from
the standpoint of occupancy as one of the crucial factors determining pollutant concentrations. Most of the pollutants detected in the
learning classroom are due to ventilation problems where the CO₂ levels are high, with some kindergartens exceeding the acceptable limit
of 1000ppm set by ICOP 2010. This issue occurred in two scenarios:1) when the learning room uses air conditioning (Salleh et al., 2016);
and 2) when there is a high occupancy rate of children in a learning room (Nazri et al., 2017). To examine the occurrence in further detail,
a recent research by Nahar and Salleh (2019) revealed that space per child contributed to the increment of CO₂. The investigated
kindergartens were located at different locations; hence, the magnitude of PM concentration was substantially different due to the impact
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of the surrounding area (Abdullah et al., 2019). High concentrations of VOCs were found in the learning classroom and probability they
are linked to the properties of the furniture (Kamaruzzaman & Razak, 2011; Rahman et al., 2019).

Overall, studies in Malaysia focused on indoor air contaminants without measuring the outdoor air. There were not enough outdoor
data available to determine the indoor/outdoor (I/O) ratio. Outdoor sources are considered an important factor that can influence indoor air
contaminants. This condition is alarming for kindergartens that are situated in commercial or industrial areas where the outside air is more
polluted than inside residential areas (Abdullah et al., 2019). Furthermore, there is a need to continuously evaluate the concentration of
indoor air contaminants that considers the comparison of occupation and non-occupied periods. To determine the IAQ status, there is a
need to investigate all parameters stated in the ICOP 2010, including physical parameters, especially air-conditioned classrooms.

Figure 3 Network view of main publication on indoor air contaminants

3.2 Indoor Air Exposure

Indoor air exposure is one of the most popular publication studies in Malaysia. The intention of this research is to ascertain the effect of
IAQ on children. A cross-sectional comparative study was conducted among preschoolers who attended kindergartens from urban areas,
suburban areas, and rural areas in Selangor, Malaysia. A standardised set of questionnaires adapted from the American Thoracic Society
entitled “Questionnaire ATS-DLD-78-C” was used to collect the data on respiratory symptoms and home exposures to pollutants (Chua et
al., 2015a; Hisyam & Juliana, 2014; Zainudin et al., 2019). An additional questionnaire was adapted from the questionnaire on the
International Study of Asthma and Allergies in Childhood (ISAAC) comprising questions on asthma and allergies (Hisyam & Juliana,
2014).

This theme discusses the effect of IAQ on children’s health, including respiratory health symptoms (Asrul & Juliana, 2017; Chua et
al., 2015b; Kamaruddin et al., 2015; Rawi et al., 2015), lung function (Chua et al., 2015a), respiratory inflammation (Aziz et al., 2014;
Zainudin et al., 2019), upper way inflammation (Hisyam & Juliana, 2014), sick building syndrome (Salleh et al., 2013; Salleh et al., 2016),
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and absenteeism (Salleh et al., 2016) (Figure 4). The most common health problem in an air-conditioned classroom is respiratory ailment
such as runny nose, sore throat, coughing, difficulty breathing, and wheezing (Salleh et al., 2016). Rawi et al. (2015) discovered substantial
associations between wheezing and indoor PM2.5 concentrations. In addition, Kamaruddin et al. (2015) stated that there were strong link
between PM10 with chest tightness, phlegm and cough among kindergarten children.

It can be concluded that PM contributes significantly to children’s health problems, which depend on its chemical content. PM does
not only settle deeper into lungs but also has a high concentration of organic compounds, which will have long-term consequences
(Kamaruddin et al., 2015). Inadequate ventilation systems were discovered to be a factor contributing to the spread of infectious diseases
(Salleh et al., 2013). The high concentration of CO2 could lead to several symptoms like headache and fatigue (Jones, 1999). Similarly,
rising CO2 levels may lower children’s productivity as this issue has been observed in office workers (Bakó-Biró et al., 2005). The
prevalence of the majority of respiratory problems is higher in industrial areas than in suburban areas (Hisyam & Juliana, 2014). Hisyam
and Juliana (2014) stated that outdoor pollutants from heavy traffic, industrial emissions, and constructions sites could contribute to the
increased prevalence of respiratory health in kindergarten children living in industrial areas.

Based on the tested IAQ parameters, further investigation should be extended to biological contaminants. Biological contaminants
such as bacteria and fungi can trigger allergic reactions, respiratory disorders, hyperactive diseases, and infectious diseases (DOSH, 2010).
Bacteria are dangerous because they produce endotoxin, which is generally released by bacteria found in household dust (Asrul & Juliana,
2017). Inhaling airborne bacteria and bacterial endotoxins have been linked to various allergic reactions and respiratory symptoms (Deng
et al., 2016a).

Figure 4 Network view of main publication on indoor air exposure

3.3 Physical Environment

The physical environment can also affect the IAQ in kindergartens. Among the factors discussed are indoor environmental quality (IEQ)
and ventilation strategies (Figure 5). IEQ is regarded as one of the essential aspects influencing children’s physical development. Hence, it
is important to evaluate the internal environment of kindergartens in renovated houses that have changed their original function. IAQ,
temperature, visual aspects, acoustics, natural and artificial lighting, ergonomics, and space are all building factors that affect children’s
health and performance (Salleh et al., 2015). However, some private kindergarten operators were not concerned about IEQ. Most
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kindergarten buildings do not comply with the minimum allowable space per child, classroom location, and random selection of
kindergarten premises. Buildings that are modified against the guidelines will attract pollutants and organic effluences such as polluted
gases, mould, and fungi into the building (Salleh et al., 2016).

The type of ventilation also significantly affects the IAQ in kindergartens. It has been discovered that mechanical ventilation has both
positive and negative effects on health. Mechanical ventilation is beneficial in lowering respiratory problems such as asthma; but if they
are not properly maintained, it can result in improper air exchange rates and elevated CO₂ concentrations (Nahar & Salleh, 2019; Salleh et
al., 2013; Salleh et al., 2016). Although commercial buildings can be used as kindergartens, natural ventilation is not an option due to the
building’s placement in a busy surrounding environment. The reliance on air conditioning will increase the CO₂ level without any fresh air
intake. To obtain a good ventilation system, the selection of building position and location should also be considered. Hence,
comprehensive guidelines on the physical setting of kindergartens are needed to enhance the indoor environment of kindergartens.

Figure 5 Network view of main publication on physical environment

3.4 Intervention

From the studies reviewed, the IAQ intervention includes antifungal agents and biological indicators (Figure 6). Biological contaminants
such as fungi and bacteria, PM, and chemical gases polluted indoor air and have been linked to negative health effects (Asrul & Juliana,
2017). The main factors that promote fungi growth in indoor air are high moisture, temperature, and sufficient nutrients. Therefore, it is
crucial to decontaminate indoor air from prolonged exposure to fungi. Darus et al. (2019) investigated five antifungal agents, namely
lemongrass oil, tea tree oil, 70% ethanol, vinegar, and Febreze. Lemongrass oil was found to be the most effective antifungal agent,
completely inhibiting both Lichtheimia sp. and Curvularia sp. spore growth and production, making it one of the best options for the
remediation of fungal contamination (Darus et al., 2019).

In Malaysia, the use of bioindicator to check IAQ is still in its infancy stage. The monitoring of air pollution levels with a bioindicator
has been done using lichen frequency count and lichen biodiversity index (Abas & Awang, 2015, 2017; Abas et al., 2018). Abas et al.
(2021) introduced the use of lichen to assess IAQ. The study focused on trace metal content and assumed that the concentration of trace
metal in the lichen’s thalli offered an indication of environmental quality. The study revealed that aside from using instruments, indoor
pollution levels can also be measured using a bioindicator.
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4.0 CONCLUSION AND FUTURE STUDIES

We conducted a comprehensive evaluation of the local scientific literature and gathered information from 22 articles published between
2010 and 2021. This review focused on the IAQ in the kindergarten environment with four research themes: indoor air contaminant, indoor
air exposure, physical environment, and intervention. Research on indoor air pollutants and indoor air exposure make up the majority of
the discussions. In the Malaysian tropical climate, the indoor kindergarten environment has been exposed to various contaminants. As
children are susceptible to infections, kindergartens should strive to provide a pollution-free environment that will promote their overall
well-being. Children that are exposed to high levels of contaminants are at risk of respiratory problems. In light of these findings,
mitigation actions and preventative measures to minimise indoor pollution levels are required to protect children from dangerous exposure.

Overall, indoor contaminant concentrations are the result of a combination of both indoor and outdoor pollution that infiltrates the
buildings. This study recommends further investigation of outdoor sources and the indoor/outdoor ratio. The investigation can provide a
broad picture of the origin of pollutions and their sources. Another research area that can be explored further is the role of kindergarten’s
physical environment in IAQ, including space allocation, location, furniture, and finishes used in the building to have a comprehensive
understanding of IAQ. The pandemic has spread around the globe; and currently, the Malaysian government is moving into the endemic
phase, it is important to ensure the safety and health of kindergarten children. The risk of children contracting the virus is higher, especially
for those below 12 years old as they are not vaccinated. A good IAQ can prevent the transmission of COVID-19 in kindergartens since
children spend most of their time indoors.
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