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 Abstract. As an environmental degradation, air pollution is 
contrary to sustainable development goals (SDGs). 
Therefore, through education for sustainable development 
(ESD), there is a need to enhance students’ capability in 
solving such problem. STEM learning encourages students to 

work on real-world problem through hands on activity in line 
with ESD necessity. This research aims to analyze how the 
ESD-based STEM learning practice through air quality 
monitor project using Arduino could influence students’ 
sustainability understanding in solving air pollution. 
Students’ sustainability understanding towards air pollution 
which was measured is based on cognitive learning objectives 
related to SDGs number 3 good health and well-being, SDGs 
7 affordable and clean energy, SDGs 12 responsible 
consumption and production, SDGs 13 Climate action, and 
SDGs 15 Life on land. The research uses quasi experimental 
method with pretest-posttest design. This research also 
developed the instrument to measure sustainability 
understanding about air pollution. The result of data analysis 
shows that after the treatment, there is no significant 
difference between control and experiment class in students’ 
sustainability understanding. The result implies that the 
activity of making air quality monitor does not give significant 
difference in enhancing sustainability understanding. 
However, the result migh be influenced by some factors 
which make the implementation of ESD-based STEM learning 
to be not optimal.  

Keywords: Air pollution, ESD-based STEM learning, 
sustainability understanding 
 

Introduction 

Sustainable development (SD) has been a hot topic in recent years. Education is vital to 

help society faces the challenge in actualizing transition toward sustainable lifestyle and 

practices (Venkataraman, 2009). Education for sustainable development (ESD) is one of 

the key answers to deal with sustainable development. The aim of educational efforts is to 

entitle students’ with action competence to deal with change of future (Pauw et al., 2015). 

Implementing ESD at all levels of education, assessing programs and efforts to establish 

best practices in ESD are crucial to encourage society that consider sustainable 

development as a guiding of their lives (Venkataraman, 2009). Unfortunately, action-

oriented knowledge is still not being focus of education in Indonesia to deliver ESD. The 

focus ESD corresponding topics were limited only on environmental problem knowledge 

and identifying the underlying causes (Eliyawati & Fujii, 2022). 
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Knowledge is one of the aspects needed to individuals that empower them to take part 

on sustainability-related issues (UNESCO, 2017). Understanding some of the argued 

definitions of sustainable living is important and cannot be understated. It is important to 

communicate the definitions and understand the concept clearly before anyone can be 

encouraged to take part (Chaplin & Wyton, 2014). Knowledge plays a significant role in a 

decision to get involved in a pro-environmental behavior (Marcell et al., 2004). Traditional 

strategies in promoting sustainable behavior only focused on enhancing understanding 

through increased information provision (Chaplin & Wyton, 2014). However, increasing 

knowledge by itself is not really helpful to facilitate individual behavioral change (Kagawa, 

2007). There is a need to do further investigation of dissonance between students’ 

perception of sustainability and their individual actions (Kagawa, 2007). We can conclude 

that in enhancing students’ strategic thinking to be able to make a good strategy in tackling 

environmental issues, we also need to take into account to increase students’ 

understanding toward sustainability. Nevertheless, rather than enhancing the 

understanding alone by deliver information, this research tries to investigate whether an 

action-oriented learning could enhance students’ understanding. 

The science technology engineering and math (STEM) is an innovation in education. 

STEM is an integrated learning model since STEM integrated some subjects such as 

technology and engineering. STEM learning model follows the problem-solving model, 

although there is a difference between the two in resulted solution. The solution resulted 

in problem-solving model could be an idea, policy, or an action meanwhile resulted solution 

in STEM is a technology product which is the product of engineering process (Widodo, 

2021). As an integrative approaches, STEM practices focus on real contexts and problems 

with the goal of finding innovative ways to meet human wants and needs which has a great 

potential of alignment with SDGs (Rico et al., 2021). There are several reasons why STEM 

is in line with the need of ESD. STEM could enhance students’ knowledge and skills and 

change their attitudes towards real-world problems. Teaching integrated STEM in 

secondary schools provides a great opportunity to promote transformative social change 

(Nguyen et al., 2020). Through the activity of developing a technology, the learning is 

action-oriented, students-centered and problem-based. 

In 2023, air pollution becomes a serious problem in Indonesia, especially in big city 

such as Jakarta and Bandung. Therefore, rising air pollution topic would be highly relate 

for students. Good outdoor air quality is essential for human health. In a day, a person can 

inhale approximately 13,000 liters of air (Jabbar et al., 2022). Bad air quality may cause 

short-term health problems such as fatigue and nausea, chronic respiratory diseases, heart 

disease, and lung cancer (Abraham & Li, 2014). In the covid-19 era, the importance of 

monitoring surrounding air quality has increased, proposing that real time measurement 

of air quality index (AQI) is urgently needed (Jabbar et al., 2022). In developing a project 

related to air pollution, the learning process is expected to give students real experiences 

of getting involved to think about environmental issue and try to give their effort to solve 

it. The development of air quality monitor as the technology to address air pollution involve 

real-world problem and allow students to perform scientific investigation, thus expected to 

help students to gain knowledge and skills. 

Air pollution relates to at least 5 SDGs. First, SDG3 good health and well-being, air 

pollution could affect both human and environment health. Second, SDG7 affordable and 

clean energy, energy plays a critical role in air pollution. Energy relates to air pollution by 

the unsustainable production and emission produced when used. Therefore, understanding 

concepts in energy is important to stimulate self awareness which lead to sustainable 

behaviour. Third, SDG12 responsible consumption and production, individual’s lifestyle 

definitely has an impact to air pollution. Everyone has the responsible to prevent and 

minimize air pollution. Fourth, SDG13 climate action, in long-term, air pollution will 

contribute to climate change and forces all living things to either adapt or extinct if they 
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cannot afford it anymore. Last, SDG15 life on land, with such change in environment, the 

balance of life on land might be hard to maintain (Bach, 1976; Candrasari & Mukono, 2013; 

Çoker et al., 2010; Elum & Momodu, 2017; Haq, 2022; International Council for Science, 

2017; Jacobson, 2009; Kagawa, 2007; Knippertz et al., 2015; Liu et al., 2022; Marinov et 

al., 2016; Mazar et al., 2021; Roberts, 2021; Sinakou et al., 2019; Sofia et al., 2020; 

Sugiyono et al., 2016). 
One of the projects that could be developed in dealing with air pollution is an air 

quality monitor project using Arduino. The utilization of sensors, digital arrangements, 

provides students the opportunity to do measurements in their surround environment; 

these  measurements then can be analyzed in order to get meaningful information, thus 

enabling students to conduct real  scientific research in their real, everyday life (Gkiolmas 

et al., 2020). Previous research involving ESD-based STEM learning shows improvement 

in students’ awareness and students’ actions toward environmental health. The 

implementation of ESD-based STEM learning which has been implemented require students 

to work on real-world problems of sustainability such as waste and grey water management 

and air pollution. The projects include air pollution blocker project for air pollution problems 

(Afifah, 2023), waste to energy and biodegradable packaging project for waste problems 

(Daulay, 2023; Haqiqi, 2023), and grey water recycle project for clean water problem 

(Septiana, 2023). The improvement of students’ actions toward environmental health 

indicates that students have well understanding toward sustainability. In other word, ESD-

based STEM learning which has been implemented can affect students’ understanding. 

In corresponding to the reasons outlined above, this study aims to enhance students’ 

sustainability understanding towards air pollution through the implementation of ESD-

based STEM learning with air quality monitor project using Arduino. However, this type of 

research is considering as a new thing. Since, there is no research yet, which aim to 

students’ sustainability understanding about air pollution throught the use of Arduino 

project as the implementation of ESD-based STEM learning, especially air quality monitor 

project. Students' sustainability understanding was measured using a new instrument 

developed according to research needs. Last, the students in experiment class and control 

class are similar in gender, thereby narrowing down the factors that influence the results. 

Methods 

This study used Quasi-experimental method with pretest and posttest design. The 

population of this study is all Junior High School students in West Bandung Regency. Two 

classes of 7th grade of a private school who have not study air pollution topic has been 

taken as the sample of this research. One class as the control class and the other as the 

experiment class. There are 32 students in control class and 31 students in experiment 

class. All the students in control and experiment class are the same in gender. The 

procedure of this research includes the development of instrument to measure students’ 

sustainability understanding and other learning material such as students’ worksheet, 

lesson plan and power point. The instrument is in the form of multiple choices test item 

represent 7 indicators of sustainability understanding. The indicators are based on cognitive 

learning objective proposed by UNESCO for each SDGs which are considerated relate to air 

pollution. There are 7 learning objectives from 5 SDGs which are SDG-3 good health and 

well-being, SDG-7 affordable and clean energy, SDG-12 responsible consumption and 

production, SDG-13 climate action, and SDG-15 life on land. The instrument has been 

judged by three experts in science education specializing in biology, physics, and 

chemistry. The instrument has been tested for validity and reliability to students which has 

learned about air pollution. The final instrument (valid and reliable) with alpha value 0.759 
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consists of 20 multiple choiches test item. Table 1 shows the blue print of the instrument 

used to measure sustainability understanding. 

Table 1. Blue print of the instrument for sustainability understanding 

SDGs Sustainability Understanding Indicator 
Item 

Number 

Number 

of items 

SDG 3 good 

health and well-

being 

The learner knows facts and figures about the 

most severe communicable and non- 

communicable diseases, and the most 

vulnerable groups  

1,2,3 3 

SDG 7 affordable 

and clean energy 

The learner knows about different energy 

resources – renewable and non-renewable – and 

their respective advantages and disadvantages  

4,5,6 3 

 The learner knows about harmful impacts of 

unsustainable energy production 

7,8,9 3 

SDG 12 

responsible 

consumption and 

production 

The learner understands how individual lifestyle 

choices influence social, economic, and 

environmental development.  

10,11 2 

SDG 13 climate 

action 

The learner knows about prevention, mitigation, 

and adaptation strategies at different levels  

12,13 2 

SDG 15 life on 

land 

The learner understands the manifold threats 

posed to biodiversity, including habitat loss, 

deforestation, etc. 

14,15,16 3 

                                                                                                                          The learner is able to classify the ecosystem 

services of the local ecosystems including 

supporting, provisioning, regulating and cultural 

services and ecosystems services for disaster 

risk reduction.  

17,18,19

,20 

4 

Total 20 

 

The data collection for both classes were taken before (pretest) and after (post-test) 

the learning activity. Control class learned through conventional method, meanwhile 

experiment class learned following STEM learning models stages. 

Table 2. Learning activity in control and experiment class 

Meeting 
Activity 

Control Class Experimental Class 

1 Learning is carried out 

conventionally by lecture and 

discussion methods through a 

contextual approach on 

Environmental Pollution topic. 

1. Students listen to teacher 

explanation about 

environmental pollution 

 

Learning is carried out according to STEM 

learning models. 

Identification of problems 

1. Students identify the urgent of knowing the 

air quality around them 

2. Student observe and interpret the air 

quality index (AQI) from aqiair.com website 

3. Students analyze the impact of poor air 

quality which presented by the air quality 

index (AQI) 
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Meeting 
Activity 

Control Class Experimental Class 

4. Students identify the action which could be 

taken to deal with bad air quality 

2 1. Students are encouraged to 

recognize the 

environmental pollution 

issues hyping in Indonesia 

(air pollution was 

highlighted issue at that 

time) 

2. Students are divided into 

several groups and discuss 

about air pollution (the 

cause, the impact, and the 

solution for air pollution) 

 

Think and Design 

1. Students think about a technology which 

could be used to solve poor air quality, 

particularly to monitor the air quality 

2. Students access the video about the 

structure, principle, and design of some 

commercial air quality monitor 

3. Students observe the prototype of air 

quality monitor with Arduino, MQ-135 

sensor and LCD 16x2 

4. Students design an air quality monitor 

based on the protype by considering the 

environmental, social and economics aspect 

5. Students draw their design on the 

worksheet 

3 Students design and make 

their poster. 

Making the project 

1. Students investigate the cost of each 

component they used to make air quality 

monitor and estimate the total cost needed 

2. Students build an air quality monitor using 

Arduino, MQ-135 sensor, and LCD 16x2 

based on the scheme provided 

4 1. Students finalize their 

poster 

2. Students present their 

poster 

 

Make and test the project 

1. Students continue to make the air quality 

monitor 

2. Students check whether their initial design 

suitable with the real arrangement which 

they have built  

3. Students test their air quality monitor in 

three different point around the school 

which have different physical or biological 

factor 

4. Students observe how the air quality 

monitor works and identify the strength and 

weakness of their design 

5 - Redesign  

1. Students finalize their air quality monitor  

2. Students present their air quality monitor 

and identify the strength and the 

weaknesses of their design 

3. Students redesign their air quality monitor  

 

After the data collection completed, the data then analyzed using SPSS software to 

test the normality, homogeneity, and difference to find out if ESD-based STEM learning 

through the activity of making air quality monitor with Arduino can significantly enhance 

students’ sustainability understanding.  
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Results and Discussion 

The implementation of ESD-based STEM learning through air quality monitor project 

using Arduino shows the result of not significant impact on students’ sustainability 

understanding. Further will be discussed the enhancement of students’ sustainability 

understanding will be explained for each indicator. The following is the result of data 

analysis of students’ pretest and posstest score for sustainability understanding. 

Table 2. Statistic analysis of students’ sustainability understanding   

Data type 

Pretest Posttest 

Experiment 

Class 

Control 

Class 

Experiment 

Class 

Control 

class 

N 31 32 31 32 

Mean 64.19 65 65.16 68.75 

Standard deviation 15.39 11.78 12.61 14.86 

Normality test 

(Shapiro wilk) 

Sig. 0.017 0.005 0.204 0.335 

Interpretation Not Normal Not Normal Normal Normal 

Homogeneity test  

(Levene test) 

Sig. 0.270 0.101 

Interpretation Homogeny Homogeny 

Hypothesis test Sig. 0.890 0.306  

Interpretation Not Significant Not significant 

 

Based on Table 2 the result of test for difference Mann-Whitney (U-test) for the 

pretest score shows there is no significant difference with calculation value more than 0,05 

the result is 0.890. Means that students’ condition or ability in control class and experiment 

class before the learning process is the same without any significant difference. 

Independent t-test was carried to test the difference for the posttest score with calculation 

value more than 0,05 (alpha) and the result is 0,306 which implies there is also no 

significant difference between control class and experiment class after the learning process. 

This indicates that the activity of making air quality monitor with Arduino does not 

significantly influence students’ sustainability understanding. This result is inconsistent with 

previous research which found that the effect size of Arduino-based education was large 

(0.807) for middle school (Lee, 2020). However, the activity of making air quality monitor 

is the implementation of ESD-based STEM learning which is action-oriented learning. 

Action-oriented learning is believed to be the key to tackle sustainability issues (UNESCO, 

2017). This result is inconsistent with the previous research revealed STEM could enhance 

students’ science process skills, science concept and science-content knowledge (Cotabish 

et al., 2013). 

There are several factors that influence the overall result. The activity of making air 

quality monitor which is carried out in experiment class includes investigate the air pollution 

problem, think and design for the solution, making the air quality monitor, testing the air 

quality monitor, and redesign. Students are divided into four groups consist of eight 

members. In the first stages, students are asked to discuss the importance of knowing the 

air quality around them, and what they need to do if the air quality in their city is bad. 

Further, students are asked to investigate air pollution problem in Bandung through 

Iqair.com website. Every group was provided only one laptop to access the website. With 

8 members in a group, there is possibility that not all member of the group participated in 

the discussion. In the third stage which is making, not every student involved arranged the 

air quality monitor, only three until five students per group which actively collaborate 

arranging the Arduino. In working with Arduino for this project, eight members in a group 

is not ideal. Moreover, this is the first time for the students to have project using Arduino. 

As the result, students cannot arrange the air quality monitor only by looking at the scheme 
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provided in the worksheet. It takes time to introduce the part of Arduino, the sensors, the 

LCD, breadboard, and the other components as well as to guide the students to arrange all 

the components. The teacher must give instructions to the students to arrange the air 

quality monitor connection by connection. This also might be become one of the reasons 

for some of students seems to not motivated to participate, since it looks too complicated 

for them. There are some errors occur with the air quality monitor that has been arranged 

by the students due to broken wire and it also take time for the teacher to overcome this 

issue. However, there are some students who keep excited in arranging the Arduino 

scheme of air quality monitor. 

Students seems not discussed with all the members of the group in filling the 

worksheet. They divide the responsibility to fill the worksheet, arrange the Arduino, and 

make the case of their air quality monitor. Therefore, there is possibility that they were not 

truly discussed to answer the worksheet. Time limitation is the main reason, considering 

they should finish the air quality monitor and filling the worksheet. In this research the 

whole learning process in only conducted within 5 meetings. In contrast with the previous 

research which reported learning with Arduino could enhance students’ content knowledge 

where the students were trained for 16 weeks (Chou, 2018). However, in this research 

students are not asked to work with the Arduino software and make the coding for the air 

quality monitor. The coding has been provided by the teacher. The data analysis for each 

indicator of sustainability understanding will be explained further. 

The first indicator is students understanding about the most severe communicable 

and non-communicable diseases and the most vulnerable groups. This indicator related to 

SDGs number 3 Good Health and Well-being (UNESCO, 2017). The mean score result of 

this indicator is shown in the Figure 1. 

                                                                             

Figure 1. Sustainability understanding for the indicator the most severe communicable 

and non-communicable disease and the most vulnerable groups 

Based on Figure 1 can be seen the difference result between experiment class and 

control class. There is an increase in experiment class from the pretest which is 77.42 

becomes 81.72 meanwhile in control class the mean decrease from the pretest which is 

90.63 becomes 80.21 in the post-test. This indicates that ESD-based STEM learning can 

enhance students’ sustainability understanding in identifying the most severe 

communicable and non-communicable disease caused by air pollution and the most 

vulnerable groups. The first stage of STEM which is identification of problem facilitate 

students to able to identify the health problems that rise due to air pollution. 
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The comparison between experiment and control class can be seen before the 

learning process and after learning process. Pretest score for control class is higher than 

pretest score for experiment class. Meanwhile the post-test score of experiment class is 

higher than the post-test score of control class. After carrying out statistical test, the result 

obtained is there is no significant difference with significant value 0.988. This means that 

the ESD-based STEM learning activity of making air quality monitor using Arduino did not 

affect students’ sustainability understanding for the indicator identifying the most severe 

communicable and non-communicable disease caused by air pollution and the most 

vulnerable groups. However, the score for both of the class before and after the learning 

activity are considered high. This means that students’ already have a good understanding 

about most severe communicable and non-communicable disease that could be caused by 

air pollution and the most vulnerable groups. 

The increase of post-tests score of experiment class in the post-test could be caused 

by the activity of identifying problem in the first stage of STEM learning which require 

students to identify the importance of knowing air quality around them. Students were 

asked to explore the Iqair.com website to find out the actual air quality in their city and 

the other information related to air pollution such as the health recommendation and so 

on. Fully exploring the scientific concept will make students be more successful instead of 

only covering  many concepts as in a typical science textbook (Cotabish et al., 2013).  

The second indicator is students’ understanding about different energy resources 

and their respective advantages and disadvantages which is one of the cognitive learning 

objective for SDGs number 7 affordable and clean energy (UNESCO, 2017). The mean 

score result of this indicator is shown in the Figure 2. 

 

Figure 2. Sustainability understanding for the indicator different energy resources and 

their respective advantages and disadvantages                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

Based on Figure 2, it is shown the difference between experiment class and control 

class. There is no difference in pretest score and post-test score of experiment class the 

score is the same which is 59.14. Meanwhile there is an increase of pretest score of control 

class from 51.04 become 60.42 in the post-test. This means that ESD-based STEM learning 

through air quality monitor project using Arduino cannot enhance students’ sustainability 

understanding for the indicator different energy resources and the respective advantages 

and disadvantages.  

The difference between the score of experiment class and control class can be seen 

in pretest and post-test. The score of experiment class is higher than control class in the 
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pretest. Meanwhile in the post-test, the score of control class is higher than the score of 

experiment class. However, after carrying out statistical test, the result is there is no 

significant difference with alpha value 0.994. This means that there is no significant 

difference between experiment class and control class, which indicates ESD-based STEM 

learning activity of making air quality monitor using Arduino did not affect students’ 

sustainability understanding for the indicator different energy resources and the respective 

advantages and disadvantages. 

The score for both experiment class and control class seems low even after the 

learning process. Students seem do not have enough knowledge about energy sources and 

the impact. During pretest and post-test, students asked the meaning of some term in the 

questions such as ‘emission,’ ‘fossil fuel,’ ‘renewable and non-renewable energy.’ Whereas, 

those terms are essential to understand the advantages and disadvantages of different 

energy resources.  

Students' difficulties in understanding the term ‘renewable energy’ also occurred in 

previous research. Students counter difficulties to explain renewable energy resources and 

they do not clearly understand the concepts (Çoker et al., 2010). Several terms including 

‘renewable’ and ‘sustainable’ are difficult for students to understand and use (Leggett, 

2003). Legget also found that students tend to show hesitation when asked to consider 

aspects of future energy consumption and think about renewable energy. In the 

investigating problem stage of STEM learning which has been implemented, students were 

able to mention how the use of vehicle could increase AQI level. Students are able to 

connect the increase in the AQI history graph of Bandung City during hours that traffic jam 

usually occur in Bandung. This strengthens the previous finding that students starts from 

real-life context in their thinking about energy (Çoker et al., 2010). 

This indicator examines students’ understanding about the impact of using renewable 

and non-renewable energy sources on air pollution. According to International Council for 

Science (2017), major reduction in air pollution is closely related to the targets of SDG 7. 

Renewable energy i.e., bioenergy, geothermal, hydropower, thermal, wind, photochemical, 

photoelectric, tidal, wave, and solar energy is less harmful to the environment since it 

produce less or zero residue (Elum & Momodu, 2017). On the contrary, when non-

renewable energy such as fossil fuels are used, it produce residue in the form of solid 

substance and gases (Güney, 2019). In this research the concept is implicitly provided in 

the activity of testing the air quality monitor. However, to assist students to understand 

the concept of how the use of renewable and nonrenewable energy resources could impact 

environment differently, explicit teaching strategy is more recommended (Boylan, 2008). 

The third indicator is also based on cognitive learning objective of SDGs number 

7 which is students’ understanding about harmful of unsustainable energy production. The 

mean score result of this indicator is shown in the Figure 3. Based on Figure 3, it can be 

seen the difference between experiment and control class. There is an increase in the score 

of experiment class from the pretest which is 52.69 becomes 59.14 in the post-test. There 

is also an increase in the mean score of control class from the pretest which is 50 becomes 

60.42 in the post-test. This means that ESD-Based STEM learning through air quality 

monitor project using Arduino can enhance students’ sustainability understanding for the 

indicator harmful impacts of unsustainable energy production. The activity of making air 

quality monitor with Arduino could facilitate students to understand that unsustainable 

energy production affect air quality and the harms to environment. 
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Figure 3. Sustainability understanding for indicators of harmful impacts of unsustainable 

energy production 

The comparison between experiment class and control class could be seen before 

and after the learning activity. The score of experiment class is higher than the score of 

control class before the learning activity. After the learning the activity, the mean score of 

control class is higher than the mean score of experiment class. However, the result of 

difference test shows the value of alpha (0.988) which is not significant. It means that 

there is no significant difference between experiment class and control class in the term of 

learning outcome. In the other word, ESD-based STEM learning through air quality monitor 

project using Arduino does not affect students’ sustainability understanding for the 

indicator harmful impact of unsustainable energy production.  

Even though the scores of the control and experiment classes both increased, the 

post-test score are still considered low. This means that even after the learning activity 

students still lack of understanding about negative impact of unsustainable energy 

production. In this research, this indicator examines students understanding about the 

harmful effects of unsustainable energy production and how renewable energy technologies 

can help maintain air quality, which is related to SDG 7. Energy that highlighted here is 

electricity. In connection with electricity consumption that  contribute to carbon emission 

(Dogan & Seker, 2016). In Indonesia, the majority of electricity production is still depend 

on coal and demand for electricity is expected to continue to increase (Sugiyono et al., 

2016). It is important to understand how the use of electricity related to pollutant 

production so student can consider their electricity consumption wisely.  

Energy is a very difficult concept, both for students to understand and for teacher 

to deliver (Leggett, 2003). In the other hand, the concept of unsustainable energy 

production is far from everyday context. Involving everyday context will help students to 

understand the concept of energy and climate change (Çoker et al., 2010). As described 

before in the discussion of previous indicator, to assist students to understand about the 

concept related to energy and climate change, it is more recommended to use explicit 

strategy (Boylan, 2008).  

The fourth indicator is students’ sustainability understanding about the influence 

of individual lifestyle choices to social, economic, and environmental development. This 

indicator is based on cognitive learning objective of SDGs number 12 responsible 

consumption and production (UNESCO, 2017). The mean score result of this indicator is 

shown in the Figure 4. 
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Figure 4. Sustainability understanding for indicator the influence of individual lifestyle 

choices to social, economic, and environmental development 

Based on Figure 4, there is an increase for the mean score of experiment and control 

class. The mean score of experiment class increases from the pretest which is 72.58 

becomes 80.65 in the post-test. The mean score of control class increases from the pretest 

which is 82.81 becomes 87.5 in the post-test. However, the enhancement of the mean 

score of experiment class from the pretest to the post-test is higher than control class. 

Means that ESD-based STEM learning through air quality monitor project using Arduino can 

enhance students’ sustainability understanding for indicator the influence of individual 

lifestyle choices to social, economic, and environmental development. ESD-based STEM 

learning through air quality monitor using Arduino facilitate students to understand how 

social, economic, and environmental development get impacted by individual lifestyle 

choice. This could happen because experiment class get an opportunity to do hands on 

activity while testing their air quality monitor. Experiment class investigate air quality at 

three points in their school. Those points in their school are chosen based on human activity 

around which influence air quality such as burning waste and using vehicle. 

The comparison between experiment and control class could be seen before and after 

the learning activity. The mean of pretest and post-test score of experiment class is lower 

than control class. The result for difference test for the post-test score shows the value of 

alpha (0.253) which is not significant. This indicates the activity of making air quality 

monitor using Arduino do not significantly influence students’ sustainability understanding 

for the indicator the influence of individual lifestyle choices to social, economic, and 

environmental development. However, both mean score of experiment and control class 

for pretest and post-test are considered as high. This means that students already have 

good understanding about the power of individual lifestyle choices to social, economic, and 

environmental development. 

The fifth indicator is students’ sustainability understanding about prevention, 

mitigation, and adaptation strategies at different levels and for different contexts. This 

indicator is based on cognitive learning objective for SDGs number 13 climate action 

(Unesco, 2017). The mean score result of this indicator is shown in the Figure 5. 
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Figure 5. Sustainability understanding for the indicator prevention, mitigation, and 

adaptation strategies at different levels and for different contexts 

Based on Figure 5, it can be seen the difference between experiment class and control 

class. The score of experiment class decreases from the pretest which is 82.26 becomes 

80.65. Meanwhile the mean score of control class increases from the pretest which is 76.56 

becomes 79.69 in the post-test. This means that ESD-based STEM learning through air 

quality monitor project using Arduino could not enhance students’ sustainability 

understanding for indicator prevention, mitigation, and adaptation strategies at different 

levels and for different context. However, the score for both experiment and control class 

have already high which means the students already have good understanding for this 

indicator. 

The comparison between experiment class and control class can be seen before and 

after learning activity. Both pretest and post-test score of experiment class are higher than 

pretest and post-test score of control class. However, the score of experiment class and 

control class before (pretest) and after (post-test) the learning activity are considered high. 

This means that students already have a good understanding about prevention, mitigation, 

and adaptation strategies at different levels and for different contexts for air pollution issue. 

This could be affected by students’ prior knowledge about this indicator. Students seem to 

already familiar with how to prevent the negative impact of air pollution. This might be 

influenced by students’ knowledge about the prevention action of Covid-19, since it is more 

or less the same. In the Covid-19 pandemic era, the society is suggested to use mask and 

reduce outdoor activity which are also useful to protect from air pollution. The learning 

activity in experiment class which intent to facilitate students to gain knowledge about this 

indicator is in the stage of identification problem. Iqair website provides information of 

action suggested as the respond of high measurement of air pollutant. The suggestions are 

to wear mask, install air purifier and reduce exposure to bad air quality. 

The sixth indicator is students’ sustainability understanding about manifold threats 

posed to biodiversity, including habitat loss, deforestation. This indicator is based on 

cognitive learning objective for SDGs number 15 life on land (UNESCO, 2017). The mean 

score result of this indicator is shown in the Figure 6. 
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Figure 6. Sustainability understanding for the indicator the manifold threats posed to 

biodiversity, including habitat loss, deforestation, etc. 

Based on Figure 6, it is seen the difference between experiment class and control 

class. The mean score of experiment class decreases from the pretest which is 56.99 

becomes 50.54 in the post-test. The mean score of control class increases from the pretest 

which is 55.21 becomes 57.29 in the post-test. This means that ESD-based STEM learning 

through air quality monitor project using Arduino could not enhance students’ sustainability 

understanding for the indicator the manifold threats posed to biodiversity, including habitat 

loss, deforestation, etc. This might happen because students do not have enough 

knowledge about biodiversity and the threats. Students question the meaning of 

‘keanekaragaman hayati (biodiversity)’ and ‘local biodiversity’ in the post-test. Indeed, in 

the learning activity, these terms are not explained in detail.  

 The comparison between experiment class and control class can be seen before and 

after the learning activity. The pretest score of experiment class is higher than the pretest 

score of control class. However, the post-test score of control class is higher than the post-

test score of experiment class. Even so, both post-test score of control class and post-test 

score of experiment class are considered low. This means that even after learning activity, 

students still lack of understanding about the manifold threats posed to biodiversity, 

including habitat loss, deforestation, Etc.  

 Biodiversity is an indicator of a healthy environment. The protection of biodiversity 

is considered as one of the basic needs driving to sustainability (Dikmenli, 2010). Human 

activities rise pollution and deforestation has increasingly threaten biodiversity 

(Niesenbaum, 2019; Yli-Panula et al., 2018). In this research, this indicator examines 

students’ understanding about the impact of biodiversity threats such as deforestation on 

air quality and vice versa (the impact of air quality on biodiversity). The outcome of this 

research is similar with the previous research which find that most of the student could not 

explain why biodiversity is important for sustainable development even though they 

consider biodiversity is very important for sustainable development (Palmberg et al., 

2017). 

The last indicator is students’ understanding about ecosystem services of the 

local ecosystems including supporting, provisioning, regulating and disaster risk reduction 

in connection to air pollution. This indicator is based on cognitive learning objective for 

SDGs number 15 life on land (UNESCO, 2017). The mean score result of this indicator is 

shown in the Figure 7. 
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Figure 7. Sustainability understanding for the indicator ecosystem services of local 

ecosystems including supporting, provisioning, regulating and disaster risk 

reduction                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

Based on Figure 7, it can be seen the difference between experiment and control 

class. The mean score of experiment class decreases from the pretest which is 58.87 

becomes 57.26 in the post-test. The score of control class increases from the pretest which 

is 60.16 becomes 66.41 in the post-test. This means that ESD-based STEM learning 

through air quality monitor project using Arduino could not enhance students’ sustainability 

understanding for the indicator ecosystem services of local ecosystem including supporting, 

provisioning, regulating and disaster risk reduction. This might happen because not all the 

students understand the reason why we choose the places for testing their air quality 

monitor. One of the places is chosen because there are a lot of plant which can help to 

pure the air and increase the air quality around.  

The comparison between control and experiment class could be seen before and 

after the learning activity. Both pretest score and post-test score of experiment class are 

lower than control class. However, post-test score of control class is also considered low. 

This indicate that even after the learning activity, students still lack of understanding about 

the role of local ecosystems in supporting, provisioning, regulating and disaster risk 

reduction. In this research, this indicator measure students’ understanding about local 

ecosystem services in maintaining air quality.  

Ecosystem services are the benefits provided by ecosystem that help to improve 

the comfort of human life (Díaz et al., 2006). The result obtained in this research is not in 

line with the previous finding. Active teaching strategies could specifically helpful for a more 

intuitive and effective understanding of ecosystem services concept, since it involves a 

direct application of ecosystem system concept into open-ended, complex and authentic 

(real world) problems (Palacios-Agundez et al., 2022). ESD-based STEM learning is 

considered as an active teaching strategy. 

 

Conclusion 

The activity of making air quality monitor project as an implementation of ESD-based 

STEM learning is not proven could give significant difference between control and 

experiment class in the term of sustainability understanding related to air pollution. This 

study also underlined some indicators where students already shown a high score. Students 

show a good understanding toward air pollution in its relation to SDG-3 good health and 

well-being, SDG-12 responsible consumption and production, SDG-13 climate action. 

Students are still lack in understanding the concept of air pollution and the relation to SDG-

7 affordable and clean energy and SDG-15 life on land. 

60.16 58.87
66.41

57.26

0

20

40

60

80

100

Control Experiment
S
tu

d
e
n
ts

' 
S
c
o
re

Pretest Postest



 
 

66 | JIPI (Jurnal IPA dan Pembelajaran IPA) 8(1), p.52-68, 2024 
 

References 

Abraham, S. & Li, X. 2014. A cost-effective wireless sensor network system for indoor air 

quality monitoring applications. Procedia Computer Science, 34:165–171. 

https://doi.org/10.1016/j.procs.2014.07.090 

Afifah, N.T. 2023. Pengaruh pembelajaran proyek air pollution blocker berbasis stem 

terhadap kesadaran berkelanjutan dan aksi peduli kesehatan lingkungan pada peserta 

didik SMP. Research Paper. Universitas Pendidikan Indonesia, Indonesia. 

Boylan, C. 2008. Exploring elementary students’ understanding of energy and climate 

change. International Electronic Journal of Elementary Education, 1(1):1–15. 

https://files.eric.ed.gov/fulltext/EJ1052050.pdf 

Chaplin, G., & Wyton, P. 2014. Student engagement with sustainability: Understanding the 

value-action gap. International Journal of Sustainability in Higher Education, 15(4): 

404–417. https://doi.org/10.1108/IJSHE-04-2012-0029 

Chou, P.N. 2018. Skill development and knowledge acquisition cultivated by maker 

education: evidence from arduino-based educational robotics. Eurasia Journal of 

Mathematics, Science and Technology Education, 14(10):1–15. https://doi.org/10. 

29333/ejmste/93483 

Çoker, B., Çatlioǧlu, H., & Birgin, O. 2010. Conceptions of students about renewable energy 

sources: A need to teach based on contextual approaches. Procedia - Social and 

Behavioral Sciences, 2(2):1488–1492. https://doi.org/10.1016/j.sbspro.2010.03.223 

Cotabish, A., Dailey, D., Robinson, A., & Hughes, G. 2013. The Effects of a STEM 

Intervention on Elementary Students’ Science Knowledge and Skills. School Science 

and Mathematics, 113(5):215–226. https://doi.org/10.1111/ssm.12023 

Daulay, F. R. 2023. Pengaruh pembelajaran proyek biodegradable food packaging terhadap 

peningkatan kesadaran dan aksi siswa sma pada perubahan lingkungan. Research 

Paper. Universitas Pendidikan Indonesia, Indonesia. 

Díaz, S., Fargione, J., Chapin, F.S., & Tilman, D. 2006. Biodiversity loss threatens human 

well-being. PLoS Biology, 4(8):1300–1305. https://doi.org/10.1371/journal.pbio. 

0040277 

Dikmenli, M. 2010. Biology student teachers’ conceptual frameworks regarding 

biodiversity. Education, 130(3):479–489. https://www.researchgate.net/profile/ 

Musa-Dikmenli/publication/337274874_Biology_student_teachers’_conceptual_ 

frameworks_regarding_biodiversity/links/5dce55f9299bf1b74b42684f/Biology-

student-teachers-conceptual-frameworks-regarding-biodiversity.pdf 

Dogan, E., & Seker, F. 2016. Determinants of CO2 emissions in the European Union: The 

role of renewable and non-renewable energy. Renewable Energy, 94(2016):429–439. 

https://doi.org/10.1016/j.renene.2016.03.078 

Eliyawati, E., Indonesia, U.P., & Fujii, H. 2022. Education for sustainable development 

(EDS) in students ’ textbooks. Journal of Engineering Science and Technology, 17 

(December, 2022):50-57. https://www.researchgate.net/publication/366656526_ 

Education_for_Sustainable_Development_ESD_in_Students%27_Textbooks 



 
 

Faizah, et al.: Enhancing Students’ Sustainability Understanding Through......| 67 

 
 

Elum, Z.A. & Momodu, A.S. 2017. Climate change mitigation and renewable energy for 

sustainable development in Nigeria: A discourse approach. Renewable and Sustainable 

Energy Reviews, 76:72–80. https://doi.org/10.1016/j.rser. 2017.03.040 

Gkiolmas, A., Dimakos, C., Chalkidis, A., & Stoumpa, A. 2020. An environmental education 

project that measures particulate matter via an Arduino interface. Sustainable 

Futures, 2:100027. https://doi.org/10.1016/j.sftr.2020.100027 

Güney, T. 2019. Renewable energy, non-renewable energy and sustainable development. 

International Journal of Sustainable Development and World Ecology,                                                                                                                                                                                                                                                                                                                                                                                            

5:389–397. https://doi.org/10.1080/13504509.2019.1595214 

Haqiqi, B.Y. 2023. Pengaruh pembelajaran proyek waste to energy terhadap kesadaran 

dan aksi siswa untuk memanfaatkan sampah sebagai sumber energi ramah 

lingkungan. Research Paper. Universitas Pendidikan Indonesia, Indonesia. 

International Council for Science. 2017. A Guide To SDG Interactions. Science Journal, 

33(7):1–239. https://www.modares.ac.ir/uploads/Agr.Oth.Lib.17.pdf 

Jabbar, W. A., Subramaniam, T., Ong, A. E., Shu’Ib, M. I., Wu, W., & de Oliveira, M. A. 

2022. LoRaWAN-based iot system implementation for long-range outdoor air quality 

monitoring. Internet of Things (Netherlands), 19:100540. https://doi.org/10. 

1016/j.iot.2022.100540 

Kagawa, F. 2007. Dissonance in students’ perceptions of sustainable development and 

sustainability: Implications for curriculum change. International Journal of 

Sustainability in Higher Education, 8(3):317–338. https://doi.org/10.1108/ 

14676370710817174 

Lee, E. 2020. A meta-analysis of the effects of arduino-based education in Korean primary 

and secondary schools in engineering education. European Journal of Educational 

Research, 9(4):1503–1512. https://doi.org/10.12973/EU-JER.9.4.1503 

Leggett, M. 2003. Please note that terms and conditions apply. Lessons that non-scientists 

can teach us about the concept of energy : a human-centred approach. Physics 

Education, 38(2):130-138. https://doi.org/10.1088/0031-9120/38/2/304 

Marcell, K., Agyeman, J., & Rappaport, A. 2004. Cooling the campus: Experiences from a 

pilot study to reduce electricity use at Tufts University, USA, using social marketing 

methods. International Journal of Sustainability in Higher Education, 5(2):169–189. 

https://doi.org/10.1108/14676370410526251 

Nguyen, T.P.L., Nguyen, T.H., & Tran, T.K. 2020. STEM education in secondary schools: 

Teachers’ perspective towards sustainable development. Sustainability (Switzerland), 

12(21):1–16. https://doi.org/10.3390/su12218865 

Niesenbaum, R.A. 2019. The integration of conservation, biodiversity, and sustainability. 

Sustainability (Switzerland), 11(17):4676. https://doi.org/10.3390/su11174676 

Palacios-Agundez, I., Rodríguez-Loinaz, G., Hagemann, N., Sylla, M., & Spyra, M. 2022. 

Teaching the ecosystem service concept: experience from academia. Ecology and 

Society, 27(3):1–14. https://doi.org/10.5751/ES-13286-270302 

Palmberg, I., Hofman-Bergholm, M., Jeronen, E., & Yli-Panula, E. 2017. Systems thinking 

for understanding sustainability? Nordic student teachers’ views on the relationship 



 
 

68 | JIPI (Jurnal IPA dan Pembelajaran IPA) 8(1), p.52-68, 2024 
 

between species identification, biodiversity and sustainable development. Education 

Sciences, 7(3):72-78. https://doi.org/10.3390/educsci7030072 

Septiana, A. 2023. Pengaruh pembelajaran proyek grey water recycle berbasis stem 

terhadap kesadaran berkelanjutan dan aksi clean water and sanitation pada siswa 

SMP. Research Paper. Universitas Pendidikan Indonesia, Indonesia. 

Sugiyono, A. 2016. Outlook Energi Indonesia 2015-2035: Prospek Energi Baru Terbarukan. 

Jurnal Energi dan Lingkungan, 12(2):87–96. https://www.academia.edu/download/ 

58199801/publish-agussugiyono-outlookenergiindonesia-enerlink.pdf 

UNESCO. 2017. Education for Sustainable Development Goals: Learning Objectives. 

Education for Sustainable Development. The Global Education 2030 Agenda. 

http://www.unesco.org/open-access/terms-%0Ahttp://www.unesco.org/open-

access/terms-use-ccbysa-en 

Widodo, A. 2021. Pembelajaran Ilmu Pengetahuan Alam. UPI Press, Bandung. 

Yli-Panula, E., Jeronen, E., Lemmetty, P., & Pauna, A. 2018. Teaching methods in biology 

promoting biodiversity education. Sustainability (Switzerland), 10(10):1–18. 

https://doi.org/10.3390/su10103812  

 

 


