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Abstract: Edcraft, a recycling and upcycling event for Malaysian secondary school students, partic-
ularly in the Klang Valley area in 2020. The event's goal was to look into gamified solutions to en-
courage recycling and upcycling among the students” age group. Lectures, talks, practical exercises
and games were used to teach students about climate change and environmental preservation. Ac-
cording to a post-event survey, the percentage of participants who recycle has climbed significantly:
76% now recycle, compared to only 24% previously. The study discovered that gamification-based
activities could effectively facilitate recycling and upcycling behaviours. Such solutions can be ap-
plied to encourage behavioural changes in different contexts. By interviewing 15 Edcraft students
in a focus group study setting, researchers could better understand the motivations. Themes such
as 'social connections are vital', 'convenience and rewards are significant motivators', 'gamified ac-
tivities help attract and engage teens' and 'environmental knowledge is crucial to prolonging recy-
cling' emerged from the thematic analysis. This manuscript proposes gamified activities to induce
a behavioural change in upcycling, and the findings yield helpful insights to fuel pro-environmental
behaviours.

Keywords: pro-environmental behaviours; recycling; teenagers” engagement; gamified learning ac-

tivities

1. Introduction

Scientists warned about the skyrocketing carbon emissions as early as the late 19™
century, suggesting that they could contribute to global warming. Thus pro-environmen-
tal behaviour (PEB) should become a necessity for human survival (Benyamin et al., 2018).
However, the warning has not always been taken seriously enough due to the acts of de-
niers and sceptics as well as economically oriented policies (Eisenack & Reckien, 2013).
Effective climate change policy relies on the public's support and understanding; those
aware of or experiencing climate change are key supporters of climate policy (Rhodes et
al.,, 2017). As climate change is a global issue felt on a local scale, it cannot be tackled solely
via individual effort; it is necessary to expand public awareness and empower people to
address it (Eisenack & Reckien, 2013). However, improving environmental awareness is
only the first step. Governments, communication and education experts, and environmen-
tal activists recommend going beyond boosting awareness and understanding to encour-
age people in modifying their behaviours to reduce the planet's stress.

In pursuit of innovative and interactive ways to educate and engage citizens, espe-
cially young people, gamification has gained the attention of scholars and practitioners in
recent years. Gamification, which is the application of game-design features in non-game
contexts, is seen as a strategy for positively engaging people in behavioural change (Ha-
mari et al., 2014; Mazur-Stommen & Farley, 2016).

The use of gamification to instil recycling behaviour for waste reduction is still in its
infancy, and its’ potential has been understudied (Morganti et al., 2017). Through Edcraft,
a programme that instils recycling and upcycling behaviour through gamified activities,
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the impact of gamification in affecting recycling behavioural change is explored in this
research. School-aged children who participated in the programme are later interviewed
about their perceptions and experiences about Edcraft, recycling, and upcycling.

2. Literature Review

In recent years, we have seen a transition in climate and environmental education
from exposure to information to transformation of values and behaviours to contribute to
solutions for environmental problems and, by extension, establish a sustainable society.
Individuals are encouraged to engage in pro-environmental behaviours via stimulating
their interests and increasing their understanding and participation.

Recycling, a form of pro-environmental behaviour that aids in trash reduction, has
been widely implemented since 1993 (Mahmud & Osman, 2010). However, it is not com-
monly practised in Malaysian households, where the national recycling rate stands at
31.52% in 2021. Due to recycling practices having yet to become a norm in Malaysia, the
country loses an estimated RM476 million in recyclable resources yearly. Most Malaysians
are unaware of the high commodity value of the rubbish they generate, and their igno-
rance is reflected in the recycling rate. Although the recycling rate has been improving
yearly, from 5% in 2006 to the current figure, it is still relatively low compared to other
developing countries where recycling rates exceed 60%.

More active citizen participation, which might be strengthened by providing ad-
vantages to active citizens, is one of the strategies to help increase the recycling rate. Gam-
ification is a concept that allows the recycling process to be motivated and carried out
more dynamically to accomplish desired objectives. This study aims to investigate and
close the gap between gamified learning and recycling among teenagers.

Governments and environmental organisations have been battling for environmental
conservation, primarily through educating people about waste reduction and promoting
recycling. However, these large-scale projects will only be feasible if the next generation
adopts an eco-conscious lifestyle. The three pillars of waste reduction are reduce, reuse,
and recycle, and developing these values from an early age should be a primary focus.
Environmental education encourages recycling awareness within societies (Mahmud &
Osman, 2010). However, although it has been integrated into the Malaysian school sys-
tem, the students are not committed to translating such knowledge into actual behaviours.

If beneficial ecological policies are not enacted swiftly, individuals, society, and the
planet will suffer from the consequences. Unfortunately, current guidelines do not guar-
antee a more environmentally-friendly future, owing to the fact that improvements can
take years and not all nations contribute equally. Meanwhile, experts forecast that the im-
pacts of climate change will continue to worsen, affecting all organisms on the globe, ne-
cessitating an urgent increase in environmental and climatic action. As recycling comes
with a learning curve, if we want environmental initiatives to thrive, we must instil a
green mindset in today's youth where they make conscious decisions to reduce waste.

Deterding et al. defined gamification in 2011 as "the use of game design principles in
non-game contexts,” whereas Mazur-Stommen and Farley (2016) broadened the scope to
include behavioural change. Gamification, they explained, is the process of incorporating
game mechanics into regular tasks to increase motivation for behavioural change. Gami-
fication is considered as "approaching problems to tap into the psychology of motivation"
from this standpoint.

Motivations that lead to behavioural change can be classified into extrinsic and in-
trinsic factors. Extrinsic motivation is based on external stimulation to change behaviour,
while intrinsic motivation is self-driven. According to Grossberg et al. (2015), the points,
badges and leaderboards system provides players with obvious and fast incentives and is
a potent motivator to improve players’ behaviours. When players compare their perfor-
mance records to their peers, they will feel more accomplished and are more likely to
maintain or enhance their present behaviours.

Despite the fact that gamification has been utilised in social settings, it has only been
employed in environmental sustainability studies to improve attention, intention, and
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behaviour to a limited extent (Maltseva et al., 2019). Hence, its potential in aiding pro-
environmental behavioural change needs to be explored.

This research used a gamified learning activity called Edcraft to motivate teenagers
to recycle. Teenagers' opinions and attitudes about the value of PEBs, such as recycling
activities, were gathered using qualitative research approaches. In this study, two research
questions were sought to be answered: (1) How does gamified learning encourage teens
to participate in recycling activities? (2) What factors influence teenagers' recycling behav-
iours?

As global climate change accelerates, the younger generations will be the first to suf-
fer the impact. Hence, Fernandez and team (2014) asserted that increasing climate change
awareness among today's youth is crucial since they are most affected by disasters, and
their well-being may be jeopardised. In addition, they could provide energy, innovative
thinking, and commitment to drive innovation and transformation, thus, necessitating ad-
ditional work to engage them in environmental action effectively (Quiroz-Martinez et al.,
2005). In 2020, UNICEF released a statement that 9 in 10 youth in Malaysia have experi-
enced environmental and climate-related effects in the last three years. 92% of young peo-
ple believe that climate change is a crisis. The youth are aware of the environmental issue,
and awareness alone will not transform the situation. Action, on the other hand, requires
the cultivation of behaviour.

"Youth" refers to teenagers and young adults (ages 15 to 24). Teenagers, also known
as adolescents, are people aged 13 to 19, with ages varying by country: United States (15-
17), Singapore (13-19), and Malaysia (13-15) (Reynolds-Tylus et al., 2021). Teenagers ac-
count for 17% of the world's population, or 1.2 billion people, with the majority (87%)
living in developing countries. As the next generation of individuals and national leaders,
they will be able to bring fresh ideas to the table in the future. As a result, it's vital to
educate people about the consequences of unethical rubbish disposal and the manage-
ment of climate change (Narksompong & Limjirakan, 2015).

These young people, particularly teens, spend a significant amount of time playing
games regularly. Hence, an empirical study in the context of gamification concentrating
on gamified environmental sustainability is required. Furthermore, gamification holds
great promise in environmental education, as collaborative and engaging mechanics are
needed to promote PEB (Portela, 2020). Thus, this qualitative study was conducted to pro-
vide insights into the attitudes of teenagers regarding recycling activities in a gamifica-
tion-enabled environment.

Empowering future citizens and decision-makers to reduce the effects of climate
change should be a top educational priority, as they will be the ones who will have to live
with the consequences of climate change and implement solutions (Narksompong & Lim-
jikaran, 2015). According to past surveys, Malaysians' environmental knowledge, care,
and awareness are low (Haron et al., 2005). Teens from secondary school ages 13 to 17
participated in this study to better understand teenagers' participation in PEB-related
gamified recycling activities.

3. Research Framework

Behavioural Reasoning theory (BRT) has sparked interest among researchers in
waste management recycling attitudes and intentions (Dhir et al., 2021). BRT studies con-
sumer behaviour extensively and is applied to research on how consumers efficiently dis-
pose of or manage their used items. BRT also considers the motivations for and against
behaviours, such as recycling intentions (Karapanos et al., 2017).

Using the BRT, the "reason for" can influence the teenagers' positive intention toward
environmental activity, whereas the "reason against” can affect the teenagers' negative in-
tention (Dhir et al., 2021). According to Vanegas-Rico et al. (2018), intervention encourages
positive PEB in individuals. In this study, BRT was adapted with the focus group discus-
sion (FGD) approach to study the intention and behaviour of recycling linked to teenagers'
reasons, motives, and beliefs in a gamified experience (Westaby, 2005). Unlike BRT, which
explores the behavioural as the end-stage, this study only adapted to the intention stage.
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Since the 1940s, sociologists and psychologists have employed FGDs in social science
research. Through focus group study, participants' PEB will be explored through the se-
quence of beliefs and reasons. Finally, global motives, framed within the gamified learn-
ing context as indicated in the conceptual framework in Figure 1, will be validated by
analysing the data collected. These three BRT components could potentially translate into
teenagers' PEB:

Belief — is the value that exists within one and is expected to impact the reasons one
performs specific actions (Wang et al., 2021). It also relates to one’s attitude of reacting to
a fact or behaviour as truth with a sense of justice toward them (Schwitzgebel, 2019). In
this study, the acceptability of recycling from gamified learning was investigated. With a
high degree of acceptance, individuals understand why they should recycle.

Reason — acts as the goal of achieving an aim or the motivation to perform an action.
It is likely to positively engage global motives, enhancing motivation (Westaby, 2005). A
good reason will positively engage the action and drive one's thoughts for a particular
behaviour. The gamified-learning scenario and recycling comprehension provide partici-
pants with a compelling rationale to move on global motives.

Global Motives — refers to the motivation to work toward recycling originating from
socially perceived behaviour. In BRT, global motives are like the determinant compared
to attitude, social norm, and perceived behaviour, which also determines the purpose of
action (Wang et al., 2021). Furthermore, intentions are strongly associated with global mo-
tives in influencing involvement among young students (Tani et al., 2021).

The conceptual framework of gamified learning with the BRT as a guideline that
leads to PEB is shown in Figure 1.

Gamified learning

. Global Pro-
Belief — Reasons — 1 > .
Motives environmental
Behaviour

Figure 1. Conceptual framework of teens PEB based on Behavioural Reasoning Theory (BRT).

4. Methodology

This study applied Focus Group Discussion (FGD) as the primary qualitative data
collection and analysis methodology to discover and further explore the emotional expe-
rience and value that lead to teenager’s pro-environmental behaviour as they participate
the gamified activity. First, participants were purposively chosen from the online gami-
fied learning activity, namely Edcraft. Then, participants' responses were categorised into
38 codes for the interrater reliability agreement test before the thematic analysis.

4.1. Participants

Students from one secondary school in Klang Valley, Malaysia, were chosen after
playing with an online gamified recycle crafting activity during the COVID-19 pandemic
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in November 2020, namely Edcraft. Edcraft enables teenagers to experience crafting with
plastic bottles that can be recycled and guided with a tutorial. They have been ranked and
put on the leaderboard for gamified purposes through this activity. To achieve the re-
search objectives, purposive sampling was applied to select participants related to the
study's goal (Saunders, 2015) based on their prior experience of PEB (e.g., recycling and
environmentally friendly activity, and their proficiency in the knowledge of the issue of
recycling). Among the participants, fifteen teenagers between the ages of 13 and 17 who
have little or no experience in recycling were invited to share their thoughts and experi-
ences in a focus group setting.

4.2. Data collection

This study aimed to explore teenagers’ PEB through beliefs, reasons, and global mo-
tives via FGD after interacting with a gamified recycling activity, namely Edcraft. In the
Edcraft activity, participants from one secondary school were asked to complete a one-
day handicraft activity. Following that, participants were instructed to view video instruc-
tions on the recycling craft to understand how to do the recycling craft. They were allowed
one day to work freely and creatively on each craft. Art teachers will then review their
work and place it on a leaderboard. Certificates and prizes will be awarded to competitors
who earned a spot on the leaderboard.

On the next day of the activity, 15 participants were invited and divided into two
groups, 1 group with (8) participants and another with (7) participants. One session of
FGD per group with the same question asked. Study shows that social research method-
ology such as FGD is rooted in social interaction. That is why the theme served as a good
foundation for the research aim, and together with their peers in answering the modera-
tor's questions, it also shows their teamwork and better session throughout the discussion.

4.3. Data Analysis

This study followed the thematic analysis adapted from Krueger & Casey (2015) and
Liamputtong (2011). It has been widely used as a credible and practical way for a more
accurate qualitative analysis (Braun & Clarke, 2021). The process starts with the transcrip-
tion to identify the patterns of recurring data that matches with the research aim to inves-
tigate the between gamified learning and pro-environmental behaviour among teenagers.
Next, codes were generated and discussed. Interrater reliability was assessed before the-
matic analysis. Following that, themes were formed and established through a review of
the discussions to answer the research questions. The study was completed by establish-
ing a four-step trustworthiness.

5. Findings

This section will discuss the reliability assessment by the interrater regarding the
codes from the FGDs and also the thematic analysis whereby the discussions were further
analysed into four themes: “social connections are vital”, “convenience and rewards are
significant motivators”, “gamified activities help attract and engage teens” and “environ-
mental knowledge is crucial to prolonging recycling”.

Interrater reliability assessment — was used to control the random agreement factor, and
the kappa statistic was used to measure the confidence in correctness (Cohen, 1960). The
assessment is essential to ensure trustworthiness with the involvement of the two raters.
The kappa coefficient assessment was 0.77, indicating that the two raters agreed on most
generated codes. Table 1 shows the crosstabulation of agreement from the 38 codes; only
one code both raters have a different agreement and two codes with the disagreement,
“No”. Both agree with 35 other codes that the researcher has coded.
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Table 1. Crosstabulation of Rater 1 and 2.

Rater 1 * Rater 2 Crosstabulation

Count
Rater 2
No Yes Total
No 2 0 2
Rater 1 Yes 1 35 36
Total 3 35 38

Kappa (x) coefficient assessment was carried out and presented in Table 2. The kappa
statistics of agreement and symmetric measures for 37 codes was 0.770, which is a sub-
stantial strength of agreement. A substantial/excellent strength of agreement from the
kappa statistic value is correlated to higher reliability for the data to be assessed by the-
matic analysis.

Table 2. Kappa statistics of agreement.

Symmetric Measures
Asymptotic Standard Approximate Approximate Signifi-

Value

Errors Tb cance
Measure of Agreement ) ;4 0.206 4.895 0.000
Kappa
N of Valid Cases 37

5.1. Thematic Analysis

Findings from interrater reliability verified the codes and proceeded with the the-
matic analysis. The transcripts revealed four themes: ‘social connections are vital’, ‘con-
venience and rewards are significant motivators’, ‘gamified activities are effective in at-
tracting and engaging teenagers’, and ‘environmental knowledge is crucial to prolong re-
cycling. The number of units relating to each category is presented in brackets after the
categories of each theme.

Social interactions are vital.

The teens cited social influence as a significant motivator for participating in envi-
ronmentally friendly activities such as recycling (12). Others’ criticism of their PEB, on the
other hand, is unimportant to them (9).

Participant C mentioned, "'When I recycle, I do not care about others' opinions because
itis for a good cause, like saving the Earth, so I do not care if people say that  am gathering
trash.’

Some participants attempted to work together (4) to complete schoolwork or a chore
task. It gave them a strong sense of belonging, which sparked their social interactions.
They needed to form strong links to develop a robust pro-environmental attitude.

Participant M mentioned that 'I will say social is an important factor. For example,
one of my friends is used to recycling as she was taught about it from a young age, and
they practice that at home. So we need this kind of social influence more in our society,
where parents spread awareness to children and friends spread among themselves.'

Moreover, Participant O said, ‘Teenagers are always trying to spend time together.
We like doing things together. So if we are doing something, we are most likely to call our
friends to join; when we see our friends doing something, we most probably will join too.
So I will say peer influence is significant.’

Discussions above show the impact of social influence among teenagers. The gami-
fied learning activity shows its strong sense of influence in teamwork to solve a problem,
task or assignment. Influence describes activities affecting social change in youth, specifi-
cally teenagers, while activities that youth participates indirectly affect social change that
could lead to their motivation to participate in any PEB (Clarke & Dougherty, 2010; Lenzi
et al.,, 2012).

Convenience and rewards are significant motivators.
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With the present population growth, several locations in Malaysia are evolving into
densely populated areas. However, the recycling industry is not developing at the same
rate, and some participants complained that recycling facilities were not accessible in their
neighbourhood, causing them to stop recycling. Accessibility (7) and rewards (9) were
essential considerations in encouraging individuals to recycle. This finding is consistent
with a previous study where no time' and 'inconvenient facilities' were among the top
reasons individuals do not recycle (Strydom, 2018).

Participant A mentioned, 'Ilive in a condominium, and there are recycle bins down-
stairs, so it is not any harder to recycle. You have to be mindful when you sort your trash
at home and take them out. There is no reason not to do it when it is already convenient.’

Another participant said, 'Some people may find it hard to recycle when there is no
recycling centre or bins near their house. It takes effort to gather and separate the items,
and it is too far to deliver them. As a result, people might dispose of them as common
waste. So I think that is a problem that needs to be solved'. Difficulty in recycling has been
a reason for the participants not to recycle (6). Individuals might want to recycle first, but
they lose interest due to the effort and time required.

However, Participant H stated that they might go over the convenience to recycle
when a monetary reward is presented (7). 'I think money is an important reason people
do recycling. For example, I send recyclables to a recycling centre, and I get money. It took
my effort and rewarded me with money. That is what I think motivates most people to
recycle.'

The teens have extrinsic and intrinsic reasons for the convenience and monetary re-
ward of recycling and believing in the environment's cleanliness. Still, they lose their hope
to be pro-environment when so much effort and time are taken. Intrinsically, they felt
appreciated and self-gratified for the items created and extrinsically, when others impose
punishment due to their mistakes or reward them well.

Gamified activities are effective in attracting and engaging teens.

Participants discussed the impact of gamified activities on encouraging teen engage-
ment in recycling activities, claiming that such games draw teens to notice and learn about
recycling (11). In addition, game elements and competitiveness satisfied teens and kept
them interested (10). This theme addressed the research question of how gamified learn-
ing engages teenagers in recycling activities. Teens enjoy video games, and when video
game features are incorporated into a recycling activity, it provides them with a sense of
fulfilment and readiness to take positive action towards the activity, resulting in partici-
pation. Motivation draws the teenagers' engagement with an entertainment-based envi-
ronment (Jin, 2014). This suggestion is supported when teenagers are satisfied with their
work done and with this feeling of gratitude for crafting used items.

Participant C mentioned, 'I had great fun in the activity, it was engaging with all the
game design, and I felt satisfied when I could complete my craft. Putting effort into the
crafting part makes me think deeper, like I made the pencil holder from recyclables with
my hands, and it made me realise how easy it is to reduce waste with simple and fun
activities.". The gamified activity encourages teens to spend their time and energy when
the reason is solid and sound. They understand their expected satisfaction when they
complete the craft, leading to increased global motives and eventually pro-environmental
behaviour.

Participant A said, 'Having an activity like this has made me more aware of recycling.
For example, when I see a plastic bottle, I will think about turning it into something useful
like a piggy bank or pencil holder, instead of throwing it as I did back then.' Participants
showed that their participation in this activity motivated them to recycle and the useful-
ness of applying the knowledge to later recycling action. The teens put effort and strength
to complete the task given and are proud of their accomplishments.

Environmental knowledge is crucial to prolonging recycling.

The last theme emphasised the necessity of environmental awareness and knowledge
in maintaining environmentally friendly habits like recycling. Participants discussed the
current recycling situation among teenagers, concluding that ecological awareness is poor


https://doi.org/10.20944/preprints202205.0053.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 May 2022 d0i:10.20944/preprints202205.0053.v1

among teenagers (5), with residents discarding recyclable goods as rubbish. It was sug-
gested that campaigns educate the public on environmental conservation (9) and create
environmental awareness, leading to green behaviours like recycling (7).

Participant D stated, 'T think people generally do not think about the consequences
of throwing away stuff like I often see people just throw whatever they think is not useful
without guilt.'

Participant D added, 'We, young people, think about the consequences of our actions.
For example, people back then will throw their garbage without thinking about where it
ends up, but now we are aware that trashes end up in landfills, which will cause problems
to the earth. Moreover, we will think about the tangible effects of recycling, like saving
paper and plastics, which are not infinite resources. So recycling is a win-win situation in
that we do not waste resources and fill up the landfills as fast. First, however, this idea
needs to be spread among the society, so more people will know about this and take ac-
tion.'

Participant O again mentioned, 'Although game elements can motivate people to
start recycling, I suppose they need something from inside to make it a habit. They need
to understand what the cause is recycling for, think about the consequences of not recy-
cling, and encourage people to make it a habit.’

Knowledge is a driving force behind PEB and a roadblock to boosting recycling rates.
It is said to work hand in hand with awareness in generating positive motivation and
attitude toward recycling (Afroz et al., 2017). According to the feedback, recycling inten-
tions are likely to be achieved if individuals understand the consequences of poor waste
management and have a good habit and positive attitude toward recycling.

6. Discussions

This section will discuss the findings and how each theme benefited the framework
leading to the PEB from the gamified learning activity and validate the conceptual frame-
work. The following section discusses the four steps of trustworthiness of the results to
improve the findings through Credibility, Transferability, Dependability and Confirma-
bility.

6.1. Conceptual Framework Validation

The four identified themes were to answer RQ1 and RQ2. The first three themes, ‘so-
cial connections are vital’, ‘convenience and rewards are significant motivators' and ‘gam-
ified activities are effective in attracting and engaging teens' are addressing RQ1 in engag-
ing teenagers to participate in recycling activities related to the Gamified learning section
from the teenage gamified learning framework based on BRT's beliefs, reasoning, global
motives, as shown in Figure 2. Initially, the first theme, 'social connections are vital,' has
been termed social influence as the first factor for RQ2 in the teenager gamified recycling
framework. The participants viewed it positively as a belief in their ability to accept them-
selves in a community or society where their friends and relatives serve as role models for
performing a specific action, such as recycling.

Then, the second theme on 'convenience and rewards are significant motivators' has
been termed 'convenience and reward’, the second factor for RQ2. It was the reason for
the teenagers to join the recycling activity. It was also part of their motivation from the
satisfaction of completing the activity and knowing the reward that they may get, compe-
tition pressure from peers in gamified learning where game elements that motivate (i.e.,
leaderboards, points and ranking) are crucial.

The third theme, 'gamified activities help attract and engage teenagers', incorporates
the two themes, 'social influence' and 'convenience and reward'. That leads to the term
'participation in the gamified recycling activity. The participation does not come in en-
forcement but through the motivation boost from peers and rewards from themes 1 and
2.

The fourth theme, 'environmental knowledge is crucial to prolonging recycling’, is
termed 'pro-environmental behaviour' as a factor for RQ 2. The previous three themes,
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categorised as 'social influence’, 'convenience and reward' and "participation', as shown in
Figure 2, are the factors that influence teenagers' recycling behaviours that address RQ2.
By interpreting and understanding the themes, a rich environmental knowledge learned
from a gamified learning environment revolves around social influence, convenience and
reward, and participation drives PEB.

Gamified learning

Social Convenience L Pro-

: - » | Participation » environmental

influence and Reward ;
Behaviour

Figure 2. Validated gamified recycling framework for teenager.

6.2. Trustworthiness of the findings

The lack of quantitative figures in the thematic analysis could raise a concern about
the consistency of the analysis. To ensure that the findings are reliable and persuade read-
ers of the qualitative themes, stringent criteria were on the four steps of trustworthiness
(Guba & Lincoln, 1985). This section comes in where the procedure ensures the qualitative
results were further enhanced.

Credibility — To establish confidence, each FGD session was kept with minimal par-
ticipants to ensure each Participant had a chance to speak and the most relevant data could
be retrieved. Also, pilot interviews have been conducted to rehearse with colleagues be-
forehand to identify the weaknesses during the FGD moderation process.

Transferability — Focus group discussions aim to gather information from a specific
group of people. In this study, purposeful sampling was used to maximise detailed data
concerning the context in which it was obtained, distinct from the aggregate data that
would result from the quantitative study. Purposive sampling considers the features of
the sample individuals. They needed to be between the ages of 12 and 17, with little
knowledge about pro-environmental behaviour or recycling and little experience in video
games, which is directly relevant to the study topics.

Dependability — The authors have reviewed the work to ensure that the research meth-
odology was "logical, traceable, and recorded" (Tobin & Begley, 2004). Audited by more
readers gives more dependability to make the study more transparent and understanda-
ble.

Confirmability — Credibility, Transferability and Dependability mentioned above have
been conducted and attained. Researchers discussed the study to ensure that the data col-
lected was relevant to the two research questions and confirm the conceptual framework
with themes, as shown in Figure 2. Three factors, social influence, convenience and re-
ward, and participation, have been identified from the conceptual framework. Confirma-
bility also ensures that the Behavioural Reasoning Theory, teenagers, gamified learning
and recycling references, and thematic analysis procedures fit together correctly and min-
imise the risk of error.
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6.3. Implications for future study

The findings of this study helped determine the present state of recycling among Ma-
laysian teenagers and the common elements that impact or inspire high school students
to participate in recycling activities. Understanding how to encourage PEB in teenagers
will be critical in addressing today’s ecological concerns, mainly because these young peo-
ple will be the environmental movement’s future leaders.

Compiling the insights gained from the FGDs, recycling activities appear favourable
and accessible to Malaysian teens, but that is only temporary. Participants agreed that
they are necessary and capable of addressing the climate challenge. However, they lack
the knowledge to deal with the looming crisis, as many teenagers are unaware of the en-
vironmental concern due to a lack of environmental education. Time and opportunity are
usually the obstacles. However, social and rewards are the most common motivators for
teens to engage in PEB. Teens may consider material benefits as their most significant
benefit, but they are not taught about the long-term calamity created by garbage.

There was little previous research in this field, and the data were analysed using the
thematic analysis technique. The strategy was very helpful in obtaining the exploratory
data described in this paper about earlier discoveries. Our findings showed that recycling
habits among Malaysian teenagers need to be addressed and that gamified activities have
a great potential in environmental education. These findings could be helpful for Malay-
sians, especially the younger generation, to learn about gamified learning on pro-environ-
mental behaviour that could manifest daily recycling habits through the gamified learning
environment.

6.4. Limitations & Future Directions

Insights from this study can help educators and policymakers select best practices in
promoting similar pro-environmental behaviours. Even if gamification seems like a prom-
ising and effective intervention to foster pro-environmental behaviours, this study still
has some critical limitations.

Possible long-term effects represent the first one. Short-term improvements in partic-
ipants' recycling behaviour were reported; however, the long-term effects were not ob-
served. As most behavioural changes do, pro-environmental behaviours require an ex-
tended period of practice before becoming a habit. In most cases, the lack of evaluation of
long-term effects makes it difficult to understand if people maintain the acquired behav-
iours over time. Previous studies reported conflicting results when the interventions'
short- and long-term effects were compared (Kjeldskov et al., 2012; Knol & De Vries, 2011).
These authors reported significant short-term improvements but no significant changes
over more extended observation periods. Hence, it is necessary to observe the long-term
effects with the same methodology to evaluate the effectiveness of the interventions.

Also, the data were only collected from one secondary school in Malaysia. Therefore
the sample could not be considered a genuinely representative sample in a bigger picture
in the Malaysian context. Future studies should recruit a larger sample of students from
various Malaysian cities to improve the representativeness of the survey and generaliza-
bility of the finding. Moreover, university students should also be included in future stud-
ies as they are also the younger generation who must face the negative impact of global
climate change. Including their opinions could provide a comprehensive picture of the
socio-psychological factors that influence the recycling intentions of young adults.

Apart from recycling intentions, prior recycling behaviours should also be studied to
observe gaps between pro-environmental intentions and PEBs. Furthermore, future stud-
ies could also investigate how economic rewards could influence recycling behaviours
among the young generation. As monetary incentives were a significant motivating factor
in this study, the lack of financial incentives was cited as one of the main factors that af-
fected individuals' recycling intentions (Halder & Singh, 2018).
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As it is an emerging field of research, relatively few studies in the literature explore
how gamification can impact upcycling behaviours. However, gamification still seems a
promising way to promote upcycling behaviours. It can create a reward/penalty system
that provides the chance to communicate which behaviours are desirable and which ones
are not, where individuals would collect rewards for personal satisfaction and game dy-
namics. With a set of goals established, individuals would display short-term improve-
ments in upcycling behaviours and aim at long-term results simultaneously. Gamification
also helps stimulate social comparisons, creating challenges with other players by show-
ing feedback comparisons.

7. Conclusions

In the recent decade, the growth of interest in recycling has been observed, and the
current research adds to the broader literature on recycling and upcycling among teenag-
ers. The findings above indicated some critical conclusions on how teenagers perceive
climate change regarding its consequences and the actions taken to mitigate it. Climate
change knowledge is solid among today's teen population, as it is widely taught in
schools. However, this awareness does not always transfer into pro-environmental inten-
tions or actions. To learn more about the awareness-intention gap, researchers should look
at the factors influencing teen recycling habits. Similar studies should be conducted in the
future, not only in recycling activities and among teenagers but also in other contexts such
as sports volunteering and disaster relief. Validating the identified elements in the field
study, such as sending out a questionnaire to explore the problems experienced by high
school students in engaging in recycling activities, could also help further the investiga-
tion.
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