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Abstract 

Indoor air pollution remains a major determinant of human health and well-being, with 

residential mold widely recognized as one of New Zealand’s most persistent public health 

concerns. Long-term exposure to damp and moldy homes is associated with asthma, allergies, 

respiratory infections, and other chronic conditions, disproportionately affecting children and 

low-income households. Despite ongoing public awareness efforts, understanding of effective 

mold prevention remains limited, and conventional educational approaches have demonstrated 

only modest and short-lived behavioral impact. This doctoral research addresses this gap by 

developing and evaluating a serious game aimed at improving mold prevention education 

among the general public in New Zealand. The research comprised four connected studies: i) a 

systematic review of gamification in air-quality education, ii) the design and prototyping of a 

serious game, iii) an experimental comparison between a serious game and video-based 

learning, iv) and a multi-group Structural Equation Modeling (SEM) analysis to examine 

underlying learning mechanisms. Results from the controlled experiment showed that although 

both the game and video significantly improved immediate knowledge, the serious game 

improved higher intrinsic motivation, better perceived usability, and lower task load. 

Importantly, only participants in the game condition maintained their knowledge after four 

weeks, indicating stronger knowledge retention. Behavioral intention improved in both groups 

without a significant difference, suggesting that knowledge gains alone may not be sufficient 

to drive sustained behavioral change without continued reinforcement. The SEM analysis 

revealed distinct media-specific pathways. In the game condition, prior knowledge strongly 

predicted post-test knowledge, indicating that interactive features may activate learners’ 

existing cognitive structures. In contrast, the video condition relied more heavily on usability -

driven motivation pathways that subsequently influenced post self-efficacy. These findings 

suggest that interactive and non-interactive media support learning through different cognitive 

and motivational processes. This thesis contributes to indoor environmental health by 

developing and empirically validating a theory-informed serious game for residential mold 

prevention in New Zealand. It integrates Gamification Design Theory and Self-Determination 

Theory within a multi-group SEM framework to explain how learner and system factors 

influence learning outcomes. Empirical findings demonstrate that serious games enhance 

intrinsic motivation, perceived usability, and knowledge retention compared with video-based 

learning. Practically, it delivers a validated and scalable educational tool to support serious 

games in mold prevention and environmental health education. 
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Chapter 1 

Introduction 
 

This chapter introduces the background and motivation for developing an educational game 

designed to enhance awareness of indoor air quality and mold prevention in New Zealand 

homes. Mold growth remains a common yet often overlooked issue in the country’s aging and 

poorly insulated housing stock, with profound implications for public health. While traditional 

learning methods, such as seminars or videos, have been used in the past, they often struggle to 

keep people engaged or inspire meaningful behavioral change. This chapter lays the foundation 

for the research by providing essential context and framing the overall study. It introduces the 

background and rationale behind the investigation, articulates the research problem, and 

outlines the scope of the study. The chapter also presents the research aim and objectives, 

highlighting the key questions that guide the inquiry. Furthermore, it highlights the significance 

and expected contributions of the research to the fields of environmental education, 

gamification, and indoor air quality. The chapter concludes with an overview of the thesis 

structure, guiding the reader through the subsequent chapters. 
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Chapter 1: Introduction 

1.1 Background and Context 

In our rapidly evolving world, air pollution, which has given rise to the forefront of 

environmental concerns, poses significant threats to public health (Manisalidis et al., 2020b; 

Whitmee et al., 2015). Being exposed to elevated air pollution levels, in one sense, can lead to 

various adverse health consequences, including respiratory infections, heart problems, and lung 

cancer, which causes almost seven million deaths worldwide per annum (Lelieveld et al., 2015; 

Silva et al., 2017). These pollutants, often generated by human activities such as industrial 

processes, transportation, and energy production, can have severe consequences on both the 

environment and human health (Li et al., 2019). The primary pollutants include particulate 

matter (PM), nitrogen oxides (NOX), sulfur dioxide (SO2), carbon monoxide (CO), and volatile 

organic compounds (VOCs), among others. As these pollutants accumulate in the air, they 

contribute to the deterioration of air quality, leading to a range of adverse effects (Burnett et al., 

2018). Additionally, air pollution plays a significant role in climate change by contributing to 

the greenhouse effect and global warming (Ramanathan & Feng, 2009). Human health is also 

profoundly affected, with respiratory and cardiovascular problems, as well as increased risks of 

cancer, being linked to prolonged exposure to polluted air (Turner et al., 2020). Addressing air 

pollution requires concerted efforts at local, national, and global levels to regulate emissions, 

promote cleaner technologies, and raise public awareness about the importance of air quality 

(Kelly & Fussell, 2015). Recognizing the interconnectedness of air pollution and its 

consequences underscores the urgency of adopting sustainable practices and policies to 

safeguard both the environment and human health (Li et al., 2018). 

Indoor Air Quality (IAQ), on the other hand, is a critical aspect of environmental health, 

intimately linked to the broader issue of air pollution (González-Martín et al., 2021; Jones, 

1999). While the term "air pollution" often conjures images of industrial smokestacks and 

vehicle emissions, it is essential to recognize that indoor spaces can harbor their own unique 

set of pollutants, which significantly affect the well-being of occupants. Exposure to air 

pollutants also manifests health impacts in both short and long term, with particularly severe 

consequences for individuals who are already unwell (Unni et al., 2022). Vulnerable groups, 

including children, pregnant women, the elderly, and those with limited financial resources, are 

at a heightened risk (WHO, 2019). The repercussions of air pollution extend beyond immediate 

discomfort, which means it brings about irritation to the nose, throat, eyes, skin, headaches, 

dizziness, or nausea (Bernstein et al., 2008; Manisalidis et al., 2020a), emphasizing the urgent 
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need for holistic solutions (Brunekreef & Holgate, 2002; Kampa & Castanas, 2008). Thus, it is 

crucial to educate individuals about the sources and consequences of air pollution, empowering 

them with the knowledge to make informed decisions and change their behaviors to promote 

public health and well-being (Aslam et al., 2023; McCarron et al., 2023; Steinemann et al., 

2017). 

Educating people about IAQ is of paramount importance due to the direct and profound impact 

it has on human health (Moreira et al., 2022). The air we breathe indoors can be laden with a 

variety of pollutants, including PM, VOCs, and other harmful substances (Fan et al., 2024). 

Understanding these potential health risks empowers individuals to take proactive measures to 

minimize exposure and protect their respiratory and overall well-being (Kim et al., 2024). 

Particularly concerning is the fact that poor IAQ can lead to a spectrum of health issues. 

Respiratory problems, such as coughing, wheezing, and aggravated asthma symptoms, are 

commonly associated with prolonged exposure to indoor pollutants (Hao et al., 2024). 

Additionally, the presence of VOCs emitted from household products and building materials 

can contribute to headaches, dizziness, and irritation of the eyes, nose, and throat (Cheng et al., 

2024). By disseminating information about these health consequences, public awareness 

campaigns can motivate individuals to adopt practices that enhance the quality of air within 

their homes and workplaces (P. Li et al., 2024). 

The recent scientific community has noted heightened pollution levels within buildings 

compared to outdoor environments, even in densely populated urban centers (IQAir, 2018; 

MANA, n.d.; Sanalife, 2022). Additionally, Kankaria et al. (2014) reported that the impact of 

IAQ can be up to 10 times worse than that of OAP. Moreover, individuals spend approximately 

90 percent of their time indoors, magnifying the potential health risks associated with IAP (Tran 

et al., 2020). Based on a report released by WHO (2023): “Each year, 3.2 million people die 

prematurely from illnesses attributable to the household air pollution. Particulate matter and 

other pollutants in household air pollution inflame the airways and lungs, impair immune 

response, and reduce the oxygen-carrying capacity of the blood.” Air pollution poses 

significant risks to numerous New Zealand residents, particularly children. In 2016, 

anthropogenic air pollution in New Zealand led to: 

• Approximately 3,317 premature fatalities among individuals aged 30 and above. 

• Roughly 13,155 hospitalizations due to cardiovascular and respiratory ailments, 

including 845 cases of childhood asthma. 

• An estimated 13,229 incidents of childhood asthma. 
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• Approximately 1.75 million days of restricted activity, during which individuals could 

not engage in their usual activities due to air pollution. 

If there were no human-made air pollutants such as PM2.5 or NO2 in New Zealand, around 

3,300 deaths could have been prevented in 2016. This would have accounted for approximately 

11% of all deaths recorded in New Zealand that year. According to the data released by 

Environmental Health Intelligence New Zealand (2022), in March 2020, the New Zealand 

Government implemented an elimination strategy for COVID-19, which included moving the 

country to Alert Level 4 (Lockdown) on 25 March 2020. This strategy also involved temporary 

border closures, quarantine mandates, widespread community testing, school closures, and 

rigorous contact tracing efforts. These stringent public health measures aim to control the spread 

of the virus and protect public health. The impact of these measures on asthma hospitalization 

rates in children aged 0–14 years was observed in both 2020 and 2021. According to the 

factsheet released by Environmental Health Indicators (2020), “In 2018, there were 7,182 

asthma-related hospitalizations (including wheeze) among children aged 0–14 years in New 

Zealand. The number of asthma hospitalizations increased between 2006 and 2018.” It is also 

noted that various environmental triggers, such as exposure to household pollutants (e.g., dust 

mites, animal fur, pollen, and mold), may contribute to asthma.  

Dyson has released data collected from January to December 2022 from 3.4 million internet -

connected air purifiers worldwide, with 11,844 units in Aotearoa, New Zealand (Dyson, 2024; 

Rutledge, 2024). The Global Air Quality Connected Data project examined two types of 

pollutants: PM2.5, which are particles smaller than 2.5 micrometers, and VOCs, emitted from 

various sources such as aerosol sprays and furniture. PM2.5 particles, smaller than dust and 

pollen, are deemed to be inhaled and can reach the lungs. WHO's 2021 guidelines recommend 

keeping annual PM2.5 exposure levels below five micrograms per cubic meter (μg/m³). In 2022, 

New Zealand's annual indoor average, according to Dyson, was 6.85 μg/m³, with the highest 

levels during colder months, notably May (8.46 μg/m³), and the lowest in February (4.46 μg/m³). 

Indoor PM2.5 levels peaked at 10 pm (6.885 μg/m³) and were lowest at 5 am (3.215 μg/m³), 

with VOCs reaching their highest levels at 11 pm. Air pollution poses significant health risks, 

with long-term exposure linked to an increased risk of respiratory diseases, and acute exposure 

exacerbating existing conditions. Respiratory disease ranks as New Zealand's third leading 

cause of death, with higher hospitalization rates among Pacific and Māori peoples (Dyson, 2024; 

Rutledge, 2024).  
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Referring to a research report by Consumer (2023), “According to a 2015 BRANZ survey, more 

than half of New Zealand rental houses had visible mold. It is often caused by moisture issues 

in the home and may be beyond your control to manage.” Having more resilient houses could 

improve this. Last year’s Housing in Aotearoa: 2020 report, by Stats NZ and the Building 

Research Association, says about 28,000 homes were reported to be constantly damp and 

always have visible mold (Anthony, 2020). Emphasizing the fact by mentioning a study 

performed by Keall et al. (2012), “estimated there was a corresponding rise in the experience 

of wheezing or asthma.” Cold, damp housing can result in higher seasonal mortality rates and 

higher incidence of both cardiovascular and respiratory disease. In 2018, about 28,000 homes 

in New Zealand were reported to be constantly damp and always have visible mold over an A4-

sized (StatsNZ, 2020). Figure 1.1 shows the correlation between damp and moldy houses in 

Auckland. 

 

Figure 1.1: Proportion of dwellings constantly damp or moldy, by Auckland local board area 

Therefore, it is evident that addressing mold issues in homes in New Zealand is urgent. 

Extensive scientific research has consistently shown a direct correlation between poor indoor 

air quality and health problems in residences with mold contamination (Graham, 2023; Lewis 

et al., 2023; Morawska et al., 2024; Nature Editorial, 2023; Stokstad, 2004). The scope of this 

study is to address IAP by focusing on mitigating mold growth through behavioral interventions 

(or Mold Assessment). This includes identifying and implementing various strategies, as well 
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as understanding the primary sources of mold growth, to change their behavior and reduce 

indoor moisture levels. The study will explore and recommend action plans that individuals can 

adopt to effectively minimize moisture accumulation indoors, thereby mitigating the conditions 

conducive to mold growth.  

1.1.1 Game-Based Learning and Serious Games 

Game-based learning is an instructional approach that integrates games with explicit 

educational objectives to facilitate knowledge acquisition, skill development, and behavior 

change (Douglas & Brauer, 2021; Johnson et al., 2016). It is grounded in the premise that 

learning is enhanced when individuals actively engage with content through structured 

challenges, feedback, and meaningful interaction rather than through passive information 

exposure (Oliveira et al., 2023). Within game-based learning environments, learners typically 

assume an active role in exploring scenarios, solving problems, and making decisions, which 

supports deeper cognitive processing and improved knowledge retention (Behl et al., 2024; 

Boso et al., 2020; De Jans et al., 2017). In contrast to purely entertainment-focused games, 

educational game-based interventions are intentionally aligned with pedagogical goals and 

assessment outcomes, ensuring that engagement serves a clear instructional purpose (Buckley 

& Doyle, 2016). 

The theoretical foundations of serious games draw from constructivist learning theory, 

experiential learning, and motivational psychology (Barna & Fodor, 2018; van Roy & Zaman, 

2018; Yildirim, 2017). From a constructivist perspective, knowledge is actively constructed 

through interaction with the learning environment rather than transmitted directly from 

instructor to learner (Bada & Olusegun, 2015; Palincsar, 2012). Serious games operationalize 

this principle by embedding learners within simulated contexts where they can experiment, 

receive feedback, and refine their understanding iteratively (Richard N Landers, 2014). In 

parallel, Self-Determination Theory explains how well-designed game environments support 

intrinsic motivation by satisfying learners’ needs for autonomy, competence, and relatedness 

(Deci & Ryan, 2012; Ryan & Deci, 2024). When these psychological needs are met, learners 

are more likely to demonstrate persistence, engagement, and sustained learning effort (Deci et 

al., 2017).  

A substantial body of empirical research supports the educational effectiveness of game-based 

learning across domains such as health education, environmental awareness, and professional 

training (Connolly et al., 2012; Schrader, 2023). Studies consistently report improvements in 

learner motivation, engagement, and in many cases knowledge outcomes when serious games 
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are used appropriately (Buckley & Doyle, 2016). Key design features contributing to these 

outcomes include progressive challenge structures, immediate formative feedback, goal-

oriented tasks, and interactive storytelling (Mekler et al., 2017). These elements help maintain 

learner attention while also scaffolding the learning process (Plass et al., 2015). Importantly, 

the effectiveness of game-based learning is highly dependent on pedagogical alignment; poorly 

designed games that prioritize entertainment over learning objectives may fail to produce 

meaningful educational gains (Clark et al., 2016). 

Game-based learning typically involves integrating familiar game components (e.g., points, 

rewards, badges, challenges, and interactive storytelling) into learning activities to increase 

motivation, enjoyment, and sustained participation (Alsawaier, 2018; Zichermann & 

Cunningham, 2011). These elements work by tapping into psychological drivers such as the 

desire for achievement, competition, curiosity, and personal growth (Buckley & Doyle, 2016; 

Sharma et al., 2024). When carefully designed, game mechanics help structure challenges, 

guide learner progression, and create a sense of accomplishment, making the educational 

experience both engaging and meaningful (Mekler et al., 2017).  

The adoption of such approach has increased substantially with the expansion of digital 

technologies, smartphones, and online platforms (Hong et al., 2024; Liuyufeng. Li et al., 2024). 

Organizations in fields such as education, healthcare, and industry utilize gamified tools to 

enhance engagement, improve learning outcomes, and promote behavioral change (Almeida et 

al., 2023; Sardi et al., 2017). In the context of environmental health, integrating air-quality 

education into interactive game experiences can motivate individuals to better understand 

pollution, recognize risks, and adopt improved habits (Boso et al., 2020; Shi et al., 2022). 

Game-based learning offers a powerful and flexible strategy for increasing awareness, 

motivation, and user engagement across a wide range of topics (Kogut et al., 2023; Seaborn & 

Fels, 2015). Its ability to capture attention, personalize learning, and promote active 

participation makes it especially suitable for supporting public education efforts on indoor air 

quality and mold prevention. Serious games, also known as educational games, are interactive 

experiences designed to deliver instructional content while actively engaging users in gameplay  

(Susi et al., 2007; Triantafyllou et al., 2025). Unlike entertainment-focused video games, they 

are created with clear learning objectives and aim to impart knowledge, develop skills, or 

support behavior change (Connolly et al., 2012). 
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1.1.2 Rationale for Using Serious Games 

Educating individuals about air quality is paramount due to its significant and far-reaching 

implications on public health and the environment (Marcotte, 2017). Also, they can actively 

participate in efforts to control and manage air pollution (Auerbach & Flieger, 1967). If people 

become more aware of the importance of air pollution, it is more likely to prompt positive 

changes in both individual behavior and public policies (Kelly & Fussell, 2015). This increased 

awareness has the potential to drive actions to mitigate pollution, resulting in a cleaner 

environment and a healthier population (Arcury, 1990; Wang et al., 2016). Therefore, boosting 

education, training, and increasing public awareness can lead the public to achieve goals related 

to environmental pollution (Manisalidis et al., 2020a). 

Many people are unaware of the invisible threats in the air we breathe, and raising awareness 

is crucial for informed decision-making and behavior (Barbosa et al., 2017). Moreover, 

informed citizens are more likely to advocate for policies and practices that contribute to cleaner 

air, creating a collective impact on a global scale, resulting in reduced health risks, such as 

lower rates of respiratory conditions like asthma, improved overall well-being, and a healthier 

future for communities worldwide (Moreira et al., 2022). To this end, a practical educational 

approach to air quality is needed. An innovative approach gaining momentum is the 

incorporation of gamification into air quality education. Gamification transforms learning about 

air quality into an engaging and interactive experience by applying game elements and offering 

various features, such as real-time data collection (Polychronidou et al., 2019). Through 

gamified applications and platforms, individuals can participate in challenges, quizzes, and 

simulations that simulate real-world scenarios related to air quality (Stamatiadou et al., 2023).  

The necessity to educate the public about the sources and consequences of air pollution is 

closely tied to the concept of Environmental Health Literacy (Raufman et al., 2020). As 

highlighted by the National Institute of Environmental Health Sciences (NIEHS) in 2014 

(Lindsey et al., 2021), Environmental Health Literacy is an evolving concept that integrates 

theories from risk communication, environmental health science, behavioral science, 

evaluation, communications, public health, and the social sciences (Kim et al., 2024). 

Environmental Health Literacy refers to an individual's ability to understand, interpret, and 

apply information about environmental factors that can affect health. It involves not only 

acquiring knowledge about the links between environmental exposures and health outcomes 

but also the capacity to make informed decisions and take actions to protect one's health and 

the well-being of the community (Finn & O’Fallon, 2017). Enhancing environmental health 
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literacy is crucial for empowering individuals and communities to make informed decisions  

that contribute to healthier living environments and sustainable practices. It plays a crucial role 

in fostering a sense of responsibility for environmental stewardship and promoting overall well-

being (Finn & O’Fallon, 2017). 

Building on this rationale, it is essential to consider the limitations of traditional educational 

methods and the unique advantages of game-based interventions. Traditional educational 

methods (e.g., brochures, factsheets, or passive video lectures) often fail to engage non-expert 

audiences meaningfully (Smith et al., 2024).  As a result, they limit long-term retention and 

weaken the translation of knowledge into real-world mold-prevention practices (Hasanica et al., 

2020). Indeed, conventional static formats tend to be limited when the audience lacks prior 

motivation or domain familiarity, especially for complex topics like IAQ (Pulimeno et al., 2020). 

In contrast, serious games and gamified learning environments create an interactive, decision -

based, and simulation-rich context that better mirrors real-life situations, thus promoting deeper 

cognitive processing, emotional engagement, and behavioral intention (Chen et al., 2025; 

Koivisto & Hamari, 2019). Empirical studies support this: a recent systematic review identified 

dozens of serious games for environmental education whose reported outcomes include 

increased knowledge, attitudinal shifts, and pro-environmental behavioral intentions (Chen et 

al., 2024; Tan & Nurul-Asna, 2023).  

Further, when digital game-based learning is applied to environmental topics, learners often 

show significantly greater gains in environmental literacy and sensitivity compared to 

traditional web-based instruction (Wahlström, 2025). Importantly, contemporary reviews 

emphasize that well-designed gamified interventions, characterized by meaningful feedback, 

autonomy, real-world scenario simulation, and iterative learning loops, lead to stronger 

engagement and deeper cognitive involvement (Ryan & Deci, 2020).  

These features enable serious games to outperform static instructional content in sustaining 

learner interest and motivating behavioral change over time (Hamari et al., 2014; Plass et al., 

2015). Therefore, in the context of mold prevention and IAQ, a serious game offers a 

theoretically and empirically grounded alternative, making it far more likely that participants 

will internalize knowledge and translate it into healthier behaviors in their own homes 

(Janakiraman et al., 2021). 
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1.2 Problem Statement 

Gap 1: Despite growing academic interest in gamification for air-quality education, the current 

body of research lacks a consolidated and comprehensive overview. While individual studies 

have investigated gamified interventions for indoor or outdoor air quality, no systematic review 

has synthesized these efforts into a unified framework. The literature remains fragmented in 

terms of audiences, mechanics, methods, and evaluation practices. This fragmentation 

highlights the need for a structured synthesis to map existing work, identify trends, and clarify 

the scope of current research (Addressed by Objective 1). 

Gap 2: Although gamification has demonstrated potential for enhancing engagement and 

promoting behavior change across various educational domains, its application specifically to 

mold prevention remains underexplored. For example, various studies have compared the 

effectiveness of digital and innovative methods (i.e., gamification) in safety training, such as 

for earthquake preparedness (Çoban & Göktaş, 2023; Feng et al., 2021; Mirsoleymani et al., 

2022), construction accidents and fire safety (Kazar & Comu, 2021; Lovreglio et al., 2021), 

construction site safety (Lu et al.; Tagliabue et al., 2020), hazard detection (Cavalcanti et al., 

2021; Mohd et al., 2019; Ren et al., 2022), risk management (Taillandier & Adam, 2018), and 

other general topics in the built environment (Ilbeigi et al., 2024; Lai et al., 2020; Villagrasa et 

al., 2014). However, no studies have compared game-based learning with traditional methods 

for mold prevention, nor have they assessed how effectively a game can transmit mold-

prevention knowledge to the general public. Furthermore, no consistent curricular or content 

framework exists for a serious game tailored explicitly to mold-related IAQ education 

(Addressed by Objective 2). 

Gap 3: Likewise, while gamification has been successfully applied to various fields (e.g., 

safety-training, earthquake preparedness, construction hazard identification, fire safety, etc.) the 

literature contains no experimental comparison between game-based learning and traditional 

educational delivery methods for mold-prevention, measuring variables like knowledge 

acquisition, retention, task load, usability, and behavioral change over time (Addressed by 

Objective 3). 

Gap 4: Finally, a critical unresolved gap lies in the limited understanding of the psychological 

and system-related factors that underpin learning in gamified environments. Constructs such as 

motivation, self-efficacy, task load, and usability have been studied individually, but rarely 

within integrated theoretical models. Few studies employ causal frameworks, including SEM, 

to examine how these constructs interact and influence knowledge and behavioral outcomes 



 

11 
 

over time. Without such mechanistic insight, the design and evaluation of gamified tools remain 

empirically driven rather than theory-informed (Addressed by Objective 4). 

1.3 Research Aim and Objectives 

This research aims to develop and evaluate a game-based learning approach to educate the 

general public about the sources, causes, and mitigation strategies of mold within residential 

buildings in New Zealand. The following objectives were formulated to achieve the aim of the 

research: 

Objective 1: To identify the current understanding and application of gamification 

approaches for training individuals about air quality within the built environment.  This 

objective sought to deepen the understanding of how gamification is being used to train 

individuals about air quality within the built environment. To explore this, the objective 

addresses eight structured research questions focusing on the context and learning goals 

of existing gamified interventions, the characteristics of their target audiences, the types 

of game elements used, delivery formats, reported outcomes, encountered 

implementation challenges, and theoretical foundations guiding their design.  

Objective 2: To develop a game-based learning approach aimed at educating the general 

public about mold prevention through an engaging, interactive, and safe digital 

environment. The development focused on delivering educational content through a 

game-based learning experience that enhanced user engagement and facilitated the 

application of knowledge in real-world contexts. To ensure the effectiveness of the 

intervention, core principles of learning design, motivational theory, and gamification 

strategy were integrated into the game's structure. The objective also addressed the gap 

in existing educational tools by offering an accessible and contextually relevant 

platform that supports public awareness and behavioral change in response to mold 

prevention.  

Objective 3: To evaluate the effectiveness of the developed serious game in comparison 

to traditional educational methods by measuring knowledge acquisition, knowledge 

retention, behavior change, intrinsic motivation, general self-efficacy, perceived 

cognitive workload, and user experience. This objective focused on evaluating the 

effectiveness of the developed serious game compared to traditional educational 

approaches. The evaluation examined multiple learning and behavioral dimensions, 

including knowledge acquisition, knowledge retention, intrinsic motivation, general 
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self-efficacy, task workload, usability, and behavioral change. The findings from this 

objective helped to determine how interactive, game-based learning experiences 

influence both immediate learning outcomes. 

Objective 4: To understand how learner factors (i.e., prior knowledge and self-efficacy) 

and system-related factors (i.e., usability, task load, and intrinsic motivation) predict 

learners’ post knowledge and self-efficacy to influence learning and behavior change. 

This objective aimed to explore how various learner and system-related factors 

contribute to knowledge acquisition over time. By examining both direct and indirect 

relationships among these variables, the research sought to reveal the underlying 

mechanisms through which game-based learning supports sustained knowledge gain in 

the context of mold prevention education. 

To provide structural clarity, the relationship between the central problem, the four research 

gaps, the corresponding objectives, and the eventual outputs is illustrated in Figure 1.2. The 

purpose of this figure is to make explicit the alignment between what was lacking in prior 

research or practice and what this thesis set out to achieve. 
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Figure 1.2: Logical mapping of the thesis flow  

1.4 Thesis Structure 

This thesis is organized into seven chapters, each corresponding to a specific phase of the 

research and, in most cases, a related peer-reviewed publication (see Figure 1.3).  

• Chapter 1 introduces the research background, problem statement, aim, and objectives. 

It also outlines the rationale for using serious games to address mold prevention 

education and presents this thesis structure. 

• Chapter 2 describes the research methodology, outlining the overall research methods 

associated with each research objective, philosophical approach, and data collection 
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methods used in the study. The chapter also details the ethical considerations and 

participant consent process. 

• Chapter 3 presents a systematic literature review on the application of gamification in 

air quality education. It identifies trends, game elements, learning objectives, target 

audiences, and theoretical frameworks, which inform the subsequent development 

phases. 

• Chapter 4 details the design and development of a prototype serious game for mold 

prevention in residential buildings. It covers the educational content, game mechanics, 

narrative, and verification through expert interviews and home visits. 

• Chapter 5 evaluates the effectiveness of the developed serious game compared to 

video-based learning. It reports on knowledge acquisition, motivation, self-efficacy, 

task load, usability, and behavioral change, based on experimental testing. 

• Chapter 6 investigates the relationships between learning outcomes, motivation, self-

efficacy, usability, and task load using a structural equation modelling approach. It 

explores how these factors interact to influence sustained knowledge. 

• Chapter 7 concludes the thesis by summarizing key findings, outlining the 

contributions, providing practice recommendations, and identifying future research 

directions. 
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Figure 1.3: The thesis structure overview 
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Chapter 2 

Research Methodology 
 

This chapter outlines the methodological process and approaches adopted to achieve the 

research objectives of this study. Grounded in a pragmatic research philosophy, the study 

employs a mixed-methods approach that integrates both deductive and abductive reasoning. 

The research is structured around four interrelated objectives, each addressed through specific 

methods: a systematic literature review, serious game development, experimental evaluation, 

and path analysis using Structural Equation Modeling. The chapter details the research design, 

data collection instruments, participant recruitment, and ethical considerations. It also describes 

the verification processes, including expert interviews and home visits, to ensure the contextual 

relevance and educational accuracy of the game content. The methodology ensures both 

theoretical and practical applicability, enabling the development and evaluation of the serious 

game for mold prevention in New Zealand homes. 
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Chapter 2: Research Methodology 

Research methodology refers to the systematic approach, techniques, and strategies used by 

researchers to conduct a study or investigation. Selecting an appropriate research methodology 

is essential for the effectiveness of any research project. The chosen methodology dictates the 

nature of the data acquisition, the methods employed for gathering information, and the 

subsequent analysis procedures (Elsevier, 2023). According to Dawson (2019), a research 

methodology is the primary principle that will guide your research. It becomes the general 

approach in conducting research on your topic and determines what research method you will 

use (Tiffin University, 2022). The following sections include the research methodology 

components. Notably, based on the research aims and objectives, the strategy includes both 

survey and experimental measurement. 

2.1 Research Philosophy 

Research philosophy refers to the set of beliefs, assumptions, and principles that guide a 

researcher's approach to conducting research (Onwuegbuzie et al., 2009). It provides the 

underlying framework for the researcher's worldview and influences their choice of research 

methods, techniques, and procedures. Research philosophy helps researchers make decisions 

about how they perceive reality, gather, and interpret data, and draw conclusions (Muis et al., 

2006). Creswell and Creswell (2022) believe that there are four main research philosophies, 

such as post-positivism, constructivism, advocacy/participatory, and pragmatism. Each 

philosophy has its own perspective on the nature of reality, the role of the researcher, and the 

methods used to study phenomena. These philosophies shape the overall approach and 

methodology of the research study. 

This study adopts Saunders’ Research Onion framework (Saunders et al., 2023) to structure its 

methodological orientation. This model offers a layered approach to understanding research 

design, beginning with philosophical underpinnings and progressing through data collection 

techniques. Each layer reflects decisions made during the research process, ensuring 

methodological coherence and transparency. 

Based on the nature of this study, pragmatism can be suitable for the aim of the present research. 

Pragmatism, as a philosophical approach, emphasizes practical outcomes and solutions to real-

world problems (Kaushik & Walsh, 2019; Morgan, 2014). 
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This study adopts a pragmatic research philosophy, driven by the need to evaluate both the 

measurable learning outcomes of the serious game and the subjective user experience 

surrounding gameplay. The central goal of the research is not to test philosophical claims about 

reality, but to identify the most effective methods for answering the research questions and 

improving the educational intervention in practice. 

Rather than beginning with a fixed methodological allegiance, methodological choices were 

made based on their usefulness in generating insight. For example, quantitative methods were 

used to measure knowledge scores, self-efficacy, motivation, task load, knowledge retention, 

and system usability. Qualitative feedback collected during prototype testing offered direct 

insight into how users interacted with the game and where improvements were required. This 

blending of methods reflects a pragmatic stance that prioritizes methodological utility over 

theoretical purity. 

This philosophy also aligns with the iterative nature of the development process. Game 

mechanics, narrative elements, and feedback systems were refined based on user interaction 

and observed performance, supporting ongoing responsiveness to emerging insights. Methods 

were selected because they offered practical value at each stage: systematic synthesis of 

literature for conceptual grounding (Objective 1), user-informed design of the serious game 

(Objective 2), experimental comparison with traditional learning (Objective 3), and modeling 

of psychological mechanisms through SEM to reveal possible underlying causal relationships 

(Objective 4). 

2.2 Research Approach 

This study employed a multi-layered research approach, aligned with Saunders’ Research 

Onion, which combines both deductive and abductive strategies to support the complex and 

iterative nature of game-based educational intervention design.  

Deductive reasoning guided the formulation of hypotheses regarding expected improvements 

in learning outcomes associated with game-based instruction. For example, based on prior 

literature claiming that gamification enhances engagement and promotes knowledge retention, 

it was hypothesized that participants using the serious game would outperform those watching 

the instructional video in gaining knowledge and retention. This reasoning also shaped the 

statistical testing of model pathways in SEM, where theory-informed constructs (motivation → 

self-efficacy → knowledge acquisition) were quantitatively evaluated. 
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Inductive reasoning emerged during early user engagement and prototype development. 

Insights derived from expert interviews and home-visit investigations informed the alignment 

of the game’s educational content with mold-prevention practices, ensuring that the educational 

elements were grounded in actual residential contexts. The design was adapted using insights 

from experts and real home observations, rather than being fixed entirely in advance. 

Abductive reasoning facilitated the interpretation of unexpected or unclear findings during the 

study. When certain results did not align with initial theoretical expectations, abductive 

reasoning allowed for the consideration of possible explanations and refinement of 

interpretation of how motivation, task load, and learning factors influenced participant 

outcomes. 

This hybrid logic of inquiry enabled the research to remain theoretically grounded while 

practically responsive. It reflects a pragmatic paradigm, where theory and empirical evidence 

inform each other continuously throughout the research process. This dual approach was 

essential in ensuring that the serious game was both educationally effective and user-centered, 

fulfilling the dual aims of academic rigor and real-world applicability. 

2.3 Research Methods 

This section outlines the research methods employed to achieve the study's objectives. Each 

research objective is aligned with a specific methodological framework to ensure that the 

evidence collected is valid, reliable, and suited to the corresponding research question. The 

methodological design integrates both quantitative and qualitative elements within a mixed-

method paradigm, combining systematic literature review, serious game development, 

experimental evaluation, and path analysis. The research is structured around four interrelated 

objectives, each addressing a distinct stage of the study. To ensure methodological consistency, 

specific research methods were adopted to correspond with the analytical and developmental 

needs of each objective. Figure 2.1 illustrates an overview of the research methodology. Table 

2.1 summarizes the process of the four interconnected studies. 
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Figure 2.1: An overview of the research design and process 
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Table 2.1: Summary of the four interconnected studies 

Phase Purpose Methods Sample Analysis and 

Tools 

Phase 1 Identify 

research gaps 

in gamified 

IAQ education 

Systematic 

Review 

(PRISMA) 

19 published 

studies 

Descriptive & 

narrative 

synthesis / 

Octalysis 

Framework 

Phase 2 Develop and 

verify serious 

game prototype 

Expert 

interviews; 

home visits; 

prototype 

development 

12 experts; 6 

homes 

Thematic 

analysis; 

refinement / 

NVivo 

Phase 3 Evaluate 

effectiveness 

of game vs 

video 

Controlled 

experiment 

(pre, post, 

retention) 

n = 120 (110 

valid) 

Non-

parametric 

tests; effect 

sizes / SPSS 

Phase 4 Explain 

mechanisms 

underlying 

learning 

outcomes 

Structural 

equation 

modelling + 

CFA + path 

modelling) 

n = 110 Model fit 

indices; 

bootstrapping / 

AMOS & R 

 

Objective 1: To review the application of gamification in air quality education in Objective 1, a 

systematic literature review was used to identify existing research on the application of 

gamification for air quality education in the built environment. This method was selected to 

ensure a transparent, reproducible, and unbiased synthesis of evidence, allowing for the 

identification of trends, gaps, and methodological practices across the literature. The review 

followed the PRISMA guidelines, which provide a standardized framework for conducting and 

reporting systematic reviews. In line with the structured process proposed by Khan et al. (2003). 

The study involved four main steps: defining the research questions, identifying relevant works, 

summarizing the evidence, and interpreting the findings. This systematic process strengthened 

the reliability and consistency of the review outcomes. 
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A systematic search was conducted on October 17, 2024, across three major academic databases: 

Scopus, Web of Science, and IEEE Xplore. These databases were chosen for their extensive 

and multidisciplinary coverage. The keyword string used in the search was: “gamif” OR 

“serious gam*” OR “game-based” OR “interactive learning” AND “air quality”*. No 

restrictions were placed on publication date, document type, or language to ensure inclusiveness. 

The asterisk operator allowed for all possible variants of the keyword “game” to be captured. 

After removing sixteen duplicate entries, the screening process followed two stages: first, a title 

and abstract screening to ensure relevance, and second, a full-text screening to confirm that 

each selected study included gamification components, educational elements, and some form 

of empirical or prototype evaluation. To strengthen the search, backward and forward 

snowballing was conducted to identify both foundational and recent studies related to 

gamification and air quality. This process resulted in nineteen eligible studies published 

between 2009 and 2023. 

Clear inclusion and exclusion criteria were defined to ensure methodological consistency. 

Studies were included if they were peer-reviewed journal articles, conference papers, or book 

chapters that explicitly focused on gamification or serious games for indoor or outdoor air 

quality education. Both digital and non-digital formats were considered. Studies were excluded 

if they were review papers, conceptual proposals without gamified elements, or publications 

unrelated to air quality (e.g., energy efficiency or comfort-only topics). Data extraction was 

performed using a structured coding framework aligned with the eight research questions. For 

each eligible study, information was gathered on the game’s context, educational objectives, 

participant characteristics and sample sizes, game mechanics, delivery platforms, reported 

results, and underlying learning theories.  

To classify and interpret the gamification components, the Octalysis Framework (Chou, 2015) 

was adopted as the analytical model. This framework divides gamified experiences into eight 

Core Drives of human motivation: Epic Meaning and Calling, Development and 

Accomplishment, Empowerment of Creativity and Feedback, Ownership and Possession, 

Social Influence and Relatedness, Scarcity and Impatience, Unpredictability and Curiosity, and 

Loss and Avoidance. Each study was coded according to these Core Drives and their 

corresponding game elements (e.g., points, leaderboards, avatars, and feedback systems). The 

Octalysis framework was used not as a design tool but as a diagnostic framework for 

systematically identifying and categorizing gamification strategies in the reviewed studies. 
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The synthesis process involved both descriptive and narrative analyses. Descriptive analysis 

summarized the publication trends, study contexts, and delivery technologies (e.g., mobile apps, 

AR, or computer-based tools), while the narrative synthesis compared results across studies to 

reveal recurring game mechanics, engagement outcomes, and theoretical gaps. The findings 

were visualized using figures and tables, including a Sankey diagram linking game elements 

with the Core Drives identified through Octalysis. To ensure reliability and validity, the review 

followed several strategies. These included adhering to the PRISMA protocol for transparency, 

using multiple databases to minimize publication bias, employing snowballing techniques for 

comprehensive coverage, and adopting a standardized coding scheme to maintain consistency 

across reviewers. Ethical approval was not required for this research, as it involved secondary 

data derived solely from previously published, peer-reviewed sources.  

Objective 2: For Objective 2, the study began by developing educational content grounded in 

publicly available national sources, including New Zealand building codes, governmental 

regulations, and international publications related to mold prevention. These sources provided 

a foundation for identifying key learning objectives, which were structured using Bloom’s 

Taxonomy (Krathwohl, 2002) to ensure a progressive learning experience. To refine and 

validate this educational content, the researchers conducted semi-structured interviews with 

twelve IAQ experts from diverse professional backgrounds, including building scientists, 

sustainability specialists, and housing assessors. The interviews were conducted via Microsoft 

Teams, recorded, and transcribed. The qualitative data were then analyzed using NVivo, a 

software tool for coding and thematic analysis. Experts provided feedback on terminology, 

environmental thresholds, and practical strategies, resulting in several refinements to the game 

design. In parallel, home-visit investigations were carried out in six houses in Auckland. These 

visits allowed us to observe and photograph real mold-prone areas, which were then compared 

with the expert feedback to ensure contextual accuracy and realism in the game design. 

The serious game prototype was developed using Articulate Storyline 360, a tool that supports 

interactive and sequential learning experiences. The development process followed a waterfall 

model, progressing through phases of content creation, game mechanics design, prototyping, 

and verification. To evaluate the effectiveness of the game, a single-arm experimental design 

was implemented. Sixty participants from the general public in Auckland were recruited 

through convenience sampling, with 56 completing the study after attention checks. Participants 

completed a pre-test to assess baseline knowledge, engaged with the game, and then completed 

a post-test. Knowledge was measured across four domains: identifying mold-prone areas, 
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understanding mold growth conditions, recognizing optimal temperature and humidity ranges, 

and recalling prevention strategies. Responses were manually scored, and statistical analysis 

was conducted using IBM SPSS Statistics Version 30. The Wilcoxon signed-rank test was used 

to analyze the difference between pre- and post-test scores. Additionally, Cohen’s d was 

calculated to determine the effect size, which indicated a large effect and was used to quantify 

the magnitude of knowledge change resulting from the intervention. 

Objective 3: For objective 3, the study utilized a controlled experimental design, including 

between-subject to evaluate the effectiveness of a game-based learning compared to a video-

based learning method for educating the general public on mold prevention in residential 

buildings. The game was designed to be accessible across devices, smartphones, tablets, laptops, 

and PCs. Participants were recruited through a non-probabilistic convenience sampling strategy, 

with a total of 120 individuals from the general public. They were randomly assigned to either 

the game-based or video-based learning group, with 60 participants in each. A power analysis 

with a large effect size (d = 0.8), a significance level of α = 0.05, a statistical power of 1 – β = 

0.80, and a two-tailed test to detect the mean difference between two independent groups was 

conducted using G*Power 3.1.9.7, indicating 26 participants as the required sample size for 

each group. Given that this study involved a four-week retention test, where sample sizes might 

drop for the retention test, a larger sample size of 60 participants for each group was selected. 

This sample size aligns with those reported in related studies in the field, such as Tarng et al. 

(2016) with n = 56, Zhang and Robb (2021) with n = 60, Paes et al. (2024) with n = 50, Feng 

et al. (2024) with n = 40, and Domgue K et al. (2025) with n = 60. Ten participants failed the 

attention check, resulting in 56 participants for the game group and 54 participants for the video 

group. Also, the number of participants completing the retention test dropped to 36 for the game 

group and 33 for the video group. 

Participants were provided with an information sheet and asked to sign informed consent forms 

before participating. Each received an NZD $10 supermarket voucher as a token of appreciation. 

The experimental procedure consisted of three stages: before the learning experience (pre-test), 

immediately after the learning experience (post-test), and after four weeks (retention test). Both 

learning interventions contained identical content and visuals to ensure consistency. The video 

used the same narration and images as the game. Participants completed the pre-test, 

intervention, and post-test in a lab setting using laptops. 

Data collection instruments included both qualitative and quantitative measures. Demographic 

data, including age, gender, housing type, and frequency of playing video games, were collected 
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during the pre-test. Baseline knowledge was assessed using an open-ended questionnaire.  

Participants could earn up to 30 points in total, with specific scoring rubrics. For the post-test, 

intrinsic motivation was measured using a customized version of the Intrinsic Motivation 

Inventory (IMI), which included subscales for interest/enjoyment, perceived competence, and 

pressure/tension, each rated on a 7-point Likert scale. System usability was evaluated using the 

NASA Modified System Usability Scale (NMSUS), while task load was assessed using the 

NASA Task Load Index (TLX), which includes six dimensions rated on a 0–20 scale. Self-

efficacy was measured using the General Self-Efficacy Scale (GSE), consisting of five items 

rated on a 7-point Likert scale. Behavioral change was assessed using a five-item questionnaire, 

also rated on a 7-point Likert scale. 

For data analysis, the dataset was first screened for completeness, and responses failing an 

attention check were excluded, resulting in 110 valid participants (56 in the game group and 54 

in the video group). Normality of the data was assessed using the Kolmogorov–Smirnov test 

and visual inspection, which indicated non-normal distributions. Consequently, non-parametric 

tests were used: Mann–Whitney U tests for between-group comparisons. Effect sizes were 

calculated using Cohen’s d, with different formulas applied for between-group and within-

group analyses. This comprehensive methodological approach ensured a robust evaluation of 

the educational effectiveness, usability, and behavioral impact of the serious game compared to 

traditional video-based learning. 

Objective 4: To address Objective 4, the study used path analysis to investigate how learner-

related factors (such as prior knowledge and self-efficacy) and system-related factors (including 

usability, task load, and intrinsic motivation) interact to influence learning outcomes in game-

based and video-based learning experiences. For data analysis, the study used a multi-group 

Structural Equation Modeling (SEM) approach using the Lavaan package in R. Prior to SEM, 

the dataset was screened for multivariate outliers using Mahalanobis distance, resulting in the 

removal of four cases and a final sample of 106 participants. Composite scores for each latent 

construct were computed by averaging item responses, and Confirmatory Factor Analysis (CFA) 

was conducted using IBM SPSS AMOS v.29 to validate the measurement model. Model fit was 

evaluated using standard indices, including CFI, TLI, RMSEA, SRMR, and chi-square statistics. 

The structural model was then tested to examine the direct and indirect relationships among the 

variables, with bootstrapped confidence intervals (based on 2,000 resamples) used to assess the 

significance of the path coefficients. The SEM framework integrated both pre-test (knowledge 
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and self-efficacy) and post-test measures (knowledge, self-efficacy, motivation, task load, and 

usability). 

2.4 Ethics 

This research involved human participants, so obtaining ethical approval was a critical part of 

the process to ensure all activities were conducted responsibly and aligned with university 

ethics standards. The project was reviewed and assessed as low risk. It included several 

components that required ethical consideration, including semi-structured interviews, home 

visits, and a controlled experimental study. To protect participants, clear information sheets 

were provided outlining their rights, including the option to withdraw at any time without any 

negative consequences. 

Informed consent was obtained prior to participation, and care was taken to minimize any 

potential risks. These risks included possible discomfort with using unfamiliar technologies, 

concerns about privacy and data handling, or feelings of pressure to participate, especially for 

those involved in industry settings. To address these concerns, all participants received support 

throughout the study, and their data was anonymized and stored securely to ensure 

confidentiality. 

Ethics approval was granted by the Massey University Human Ethics Committee under three 

separate low-risk applications. The first, approved on 19 August 2024 (Ref: 4000028748), 

covered the interviews. The second, approved on 2 December 2024 (Ref: 4000029998), 

addressed home visit procedures. The third, approved on 6 March 2025 (Ref: 4000030296), 

granted approval for the main experiment. Documentation related to these approvals is included 

in Appendix C. 
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Chapter 3 

Literature Review 
 

 

 

This chapter is based on the following Journal article, which has been published in final form: 

 
Baghaei Daemei, A., Lovreglio, R., Feng, Z., Paes, D., & Miller, C. (2025). Gamification for 
air quality education: A systematic literature review. Building and Environment, 112526. 

https://doi.org/10.1016/j.buildenv.2025.112526.  
 

 

This chapter presents a systematic literature review aimed at examining the current state of 

research on gamification with a specific focus on air quality. Positioned as a foundational 

component of the thesis, this chapter investigates how serious games and gamified platforms 

have been designed, implemented, and evaluated in built environment contexts to inform and 

change user behavior. The review identifies gaps in how digital interventions leverage 

psychological, pedagogical, and motivational frameworks to enhance air quality awareness and 

behavioral change. The findings subsequently form the basis for the serious game development 

reported in Chapter 4. 

 

 
 

https://doi.org/10.1016/j.buildenv.2025.112526
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Chapter 3: Literature Review  

3.1 Introduction 

In our rapidly evolving world, poor indoor and urban air quality and pollution have risen to the 

forefront of environmental concern, affecting the design of the future built environment (Liu et 

al., 2022; Moghadam et al., 2023). This nationwide issue poses significant threats to public 

health indoors and outdoors (Li et al., 2019). Being exposed to elevated air pollution levels can 

lead to various adverse health consequences, such as respiratory infections, heart problems, and 

lung cancer, which causes almost seven million deaths worldwide per annum (Lelieveld et al., 

2015; Silva et al., 2017). The COVID-19 outbreak contributed to the importance of indoor air 

quality in buildings and its impact on occupants’ health (Buonomano et al., 2023). High 

concentrations of CO2 in indoor spaces can impact personal factors such as human productivity 

and increased tiredness levels (Korsavi et al., 2021; Satish et al., 2012). Low air quality and 

exposure to air pollutants can have health impacts in both the short and long term, with 

particularly severe consequences for individuals who are already unwell (Unni et al., 2022). 

Vulnerable groups, including children, pregnant women, the elderly, and those with limited 

financial resources, are at a heightened risk (WHO, 2019). Additionally, it irritates the nose, 

throat, eyes, and skin, causing headaches, dizziness, or nausea (Bernstein et al., 2008; 

Manisalidis et al., 2020a).  This emphasizes the need for holistic global solutions to overcome 

such issues (Brunekreef & Holgate, 2002; Kampa & Castanas, 2008). The repercussions of air 

pollution extend beyond immediate discomfort. An increasing amount of evidence indicates that air 

pollution can also have detrimental effects on the brain (Blanco et al., 2024; B. Zhang et al., 

2023).  

According to a report published by Underwood (Underwood, 2017), dirty air causes cognitive 

ageing and potentially elevates the risk of Alzheimer's disease and other types of dementia. In 

another study, Wang (Wang et al., 2024) provided new evidence demonstrating the link between 

air pollution, stroke, and dementia. Thus, educating individuals about the sources and 

consequences of air pollution is critical, equipping them with educational content about air 

quality to the utmost (Aslam et al., 2023). Such knowledge can help people change their 

behavior, make informed decisions, and promote overall health and well-being (McCarron et 

al., 2023; Steinemann et al., 2017). The necessity to educate the public about the sources and 

consequences of air pollution is closely tied to the concept of Environmental Health Literacy 

(Raufman et al., 2020). As the National Institute of Environmental Health Sciences highlighted 

in 2014 (Lindsey et al., 2021) Environmental Health Literacy is an evolving concept integrating 
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theories from risk communication, environmental health science, behavioral science, evaluation, 

communications, public health, and the social sciences (Kim et al., 2024). 

One promising avenue for delivering engaging and effective air quality education is through 

gamification (Douglas & Brauer, 2021; Johnson et al., 2016). Gamification applies game 

elements and principles in non-game contexts (Kim et al., 2018; Long et al., 2023). Integrating 

educational content on air quality into interactive and immersive games can enhance people's 

awareness (De Jans et al., 2017). This approach utilizes the enjoyment and motivational aspects 

of games to encourage positive changes in behavior (Behl et al., 2024; Boso et al., 2020). 

Studies show people are more engaged and productive in gaming activities (Buckley & Doyle, 

2016). Kim (2012) stated that games can boost people's performance in ways that real-world 

scenarios might not achieve. Similarly, many studies have reported positive educational 

outcomes in the gamification (Barna & Fodor, 2018; van Roy & Zaman, 2018; Yildirim, 2017). 

As such, gamification can play a crucial role in air quality education. It can help users 

understand how they can play a role in enhancing air quality and the impact of their decisions 

on other factors, such as thermal comfort and energy consumption. 

Despite preliminary research on the topic of gamification for air quality education, the current 

understanding of utilizing gamification techniques to educate the public about air quality 

(indoors and outdoors) lacks a comprehensive overview. Although some papers exist on the 

topic, there has not been a systematic review that consolidates and analyzes the state-of-the-art 

approaches. Even though scattered research articles may touch upon aspects of gamification 

and air quality education, a comprehensive review is necessary to synthesize existing 

knowledge, identify trends, assess effectiveness, and uncover gaps in research. Such a review 

would provide valuable insights for researchers, policymakers, and practitioners seeking to 

leverage gamification as a tool for public education on air quality. 

While evidence from other fields may suggest the potential benefits of gamification, 

particularly in engaging learners and promoting behavior change, no studies have directly 

compared gamification's impact to traditional methods regarding knowledge acquisition, 

retention, and behavioral changes specifically related to air quality education. For example, 

various studies have investigated the effectiveness of digital and innovative methods (i.e., 

gamification) in training, including for earthquake preparedness (Çoban & Göktaş, 2023; Feng 

et al., 2021; Mirsoleymani et al., 2022), safety training (Kazar & Comu, 2021; Lovreglio et al., 

2021), construction sites (Lu et al.; Tagliabue et al., 2020), hazard detection (Cavalcanti et al., 

2021; Mohd et al., 2019; Ren et al., 2022), risk management (Taillandier & Adam, 2018), and 
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other general topics in the built environment (Ilbeigi et al., 2024; Lai et al., 2020; Villagrasa et 

al., 2014). 

This study reviews the application of gamification in air quality education by identifying 

various delivery methods and game elements used for educational purposes. The term 'game 

element' is called 'game mechanics' or 'techniques.' In this study, the term game elements will 

be used. A systematic literature review was conducted to achieve this aim, assessing nineteen 

papers published between 2009 and 2023. This work involved analyzing the context and 

methods of gamification applications. The Octalysis framework was developed by (Chou, 2015) 

has been used to assess the gamification strategies adopted in these studies, marking this work 

the first instance of the Octalysis framework application in air quality educational research. 

Additionally, the research aimed to identify specific game elements that effectively stimulate 

individual motivation and engagement.  

This review study represents a new milestone in air quality education research, contributing 

new insights into how gamification and game elements have been adopted for air quality 

education and new ideas on how gamification can be applied in the future. Although various 

studies have assessed the effectiveness of serious games and gamification in the built 

environment, the current state of gamification in air quality education remains largely unknown. 

More importantly, there is no existing taxonomy for gamification or serious games specifically 

related to air quality education. This work proposes the first such taxonomy, providing a 

structured framework for the development and analysis of gamified applications and serious 

games in this field. 

3.2 Background 

This section provides a brief background about gamification and game elements. Additionally, 

the types of games are classified. Subsequently, the differences between serious and non-serious 

games are distinguished, along with categorizations into non-digital and digital games, and a 

summary of immersive and non-immersive games is provided. Furthermore, critical issues of 

IAQ and OAP are explored, emphasizing their significant impact on public health and the 

environment. Throughout this work, referencing 'air quality' encompasses both IAQ and OAP 

unless explicitly specified otherwise. 

3.2.1 Gamification 

Gamification integrates gaming elements, principles, and mechanics into non-game contexts to 

engage and motivate individuals (Oliveira et al., 2023). It involves applying elements or game 
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elements commonly found in games, such as competition, points, rewards, badges, challenges, 

and interactive storytelling, to activities that typically do not involve gameplay (Zichermann & 

Cunningham, 2011). Gamification enhances user engagement, increases motivation, and drives 

desired behaviors. Gamification makes tasks more enjoyable, boosts participation, and achieves 

specific objectives (Alsawaier, 2018). It uses the psychological aspects that make games 

compelling, such as the desire for achievement, competition, and the enjoyment of challenges 

(Buckley & Doyle, 2016). Game elements refer to the individual components or features that 

make up a game, including badges, avatars, points, etc. These elements contribute to the overall 

gaming experience, providing interactive and visual aspects that engage players (Sharma et al., 

2024). 

Game designers can use various game elements to create challenges, objectives, and the overall 

structure of a game. These elements work together to create a unique and engaging gameplay 

experience. Game designers must carefully balance and iterate these elements to ensure the 

gaming experience is enjoyable, challenging, and aligned with the intended player experience 

(Mekler et al., 2017). In general, games are classified into serious games and non-serious 

games. Serious games are primarily designed for education, training, simulation, or 

informational purposes rather than pure entertainment. Serious games often use gaming 

elements to make learning or training more engaging and effective (Susi et al., 2007). The main 

objective of serious games is to impart knowledge, teach specific skills, or simulate real-world 

scenarios (Abt, 1987; Ritterfeld et al., 2009). In contrast, non-serious games, also known as 

entertainment or recreational games, are designed primarily for entertainment purposes (Yates, 

2021). These games focus on providing an enjoyable experience without specifically 

emphasizing educational or training objectives (McDaniel et al., 2010). 

Serious games can also be categorized into non-digital and digital games. Non-digital games 

are traditional games that do not involve electronic or digital technology. These games are 

played using physical components, such as cards, boards, dice, or other tangible items, and they 

do not rely on computerized or electronic interfaces (Naderi & Moafian, 2023; Naik, 2014). 

Digital games can be further divided into immersive and non-immersive. Immersive games are 

designed to deeply engage players in a virtual environment, creating a sense of presence and 

involvement, aiming to make players feel like they are part of the game world, blurring the line 

between the virtual and real (Jennett et al., 2008). Virtual reality and Augmented Reality (AR) 

technologies are commonly used to create immersive gaming experiences (Brown & Cairns, 

2004). Non-immersive games may not employ advanced technologies to create a deeply 
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engaging virtual environment. These games still provide entertainment but may not focus on 

creating a sense of high immersion (Porter III et al., 2018). In non-immersive games, the 

player's awareness of the real-world environment may be more pronounced, and the gameplay 

may not strive to create a fully immersive experience (Pallavicini et al., 2019). 

3.2.2 Air Quality and Education 

Generally, air quality refers to the condition of the air within our surroundings, describing how 

polluted the environment is (Lewis et al., 2023). It is a multidimensional concept that assesses 

the cleanliness of the air people breathe and its impact on their health, the environment, and 

overall well-being (Picciano et al., 2023). Monitoring air quality indoors and outdoors involves 

evaluating the concentration of pollutants such as carbon dioxide, carbon monoxide, nitrogen 

dioxide, particulate matter, ozone, volatile organic compounds, etc. On the one hand, the goal 

is to maintain air quality within acceptable standards, as indicated by the Air Quality Index 

(Boso et al., 2020), to safeguard human health and the ecosystem (Akimoto, 2003). Also, raising 

public awareness should be considered to avoid the threat of toxic air. 

Educating individuals about air quality is paramount due to its significant and far-reaching 

implications on public health and the environment (Marcotte, 2017). Also, they can actively 

participate in efforts to control and manage air pollution (Auerbach & Flieger, 1967). Many 

people are unaware of the invisible threats in the air they breathe, and raising awareness is 

crucial for making informed decisions and adapting behavior (Barbosa et al., 2017). If people 

become more aware of the importance of air pollution, it is more likely to prompt positive 

changes in both individual behavior and public policies (Kelly & Fussell, 2015). This increased 

awareness has the potential to drive actions to mitigate pollution, resulting in a cleaner 

environment and a healthier population (Arcury, 1990; Wang et al., 2016). Therefore, boosting 

education and training and increasing public awareness can lead the public to achieve goals 

related to environmental pollution (Manisalidis et al., 2020a).  

Moreover, well-informed individuals are more likely to advocate for policies and practices 

contributing to cleaner air. This collective effort on a global scale can lead to reduced health 

risks, including lower rates of respiratory conditions such as asthma, improved overall well-

being, and a healthier future for communities worldwide (Moreira et al., 2022). To this end, a 

practical educational approach to air quality is needed. An innovative approach gaining 

momentum is the incorporation of gamification into air quality education. Gamification 

transforms learning about air quality into an engaging and interactive experience by applying 

game elements and offering various features such as real-time data collection (Polychronidou 
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et al., 2019). Through gamified applications and platforms, individuals can participate in 

challenges, quizzes, and simulations that simulate real-world scenarios related to air quality.  

To date, a comprehensive exploration of the air quality educational applications of gamification 

in the context of the built environment is lacking in existing literature. This work aims to fill 

this research gap by providing a systematic literature review to explore existing gamification 

applications in air quality education. 

3.3 Materials and Methods 

This section outlines the methods employed in this work. In this study, a systematic literature 

review is used to identify relevant articles in the literature. This systematic approach allows 

researchers to rigorously identify, select, and synthesize relevant studies from various sources, 

ensuring a thorough and unbiased review of the existing literature (Tranfield et al., 2003).  As 

such, this study utilized the step-by-step approach provided by Khan (Khan et al., 2003) to 

identify the eligible articles. This approach is designed to assess the relevance of identified 

work with research questions and reduce the number of papers to analyze. The steps used in 

this review are:  

i. Defining research questions. 

ii. Identifying the relevant work. 

iii. Summarizing the evidence. 

iv. Interpreting the findings. 

3.3.1 Defining research questions 

This research aims to provide insight into gamification applications oriented toward air quality. 

The following research questions (Q1 to Q8) were framed to seek the diverse aspects of 

gamification in air quality education. These research questions are inspired by a general 

classification of serious games developed by (Breuer & Bente, 2010). Further, the questions 

align with the previous systematic review conducted by (Scorgie et al., 2024), which used a 

similar approach. The research questions are presented as follows: 

Q1: What was the primary context of the game?  

Q2: What was the learning objective of the game? 

Q3: What was the profile of the trainees, and what was the sample size? 

Q4: What game elements were applied? 
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Q5: What types of delivery methods and applications were used? 

Q6: What were the reported results?  

Q7: What were the challenges of the delivery method and applications? 

Q8: What psychological and learning theories or models were employed in the design 

of gamified air quality applications? 

3.3.2 Identifying the relevant works 

This study followed the PRISMA Statement to identify relevant articles (Figure 3.1). Relevant 

articles were retrieved from multiple databases, including Scopus, Web of Science (WOS), and 

IEEE Xplore. These databases were selected as the preferred database, as they have more global 

content than other providers while maintaining a selective approach (Elsevier, 2022; IEEE, 

2023; Martín-Martín et al., 2021; Teles et al., 2020). This exploration was conducted on the 17th 

of October 2024 using the keyword string: gamif* OR “serious gam*” OR “game-based” OR 

“interactive learning” AND “air quality”. No further filters of the database have been allocated 

in the search process (e.g., language and subject area). The ‘*’ (asterisk) operator was used in 

the keyword to include all terms relating to gamification, such as gamify, gamifying, gameful, 

gamification, and gaming. After removing 16 duplicates from the three databases, an initial 

screening was implemented. After that, a secondary screening was conducted involving reading 

the full text to assess the eligibility of the studies.  

The secondary screening concluded 12 eligible studies. After that, backward and forward 

snowballing were applied to these eligible articles. Backward snowballing consisted of tracing 

the references cited in foundational research papers, allowing us to explore the historical context 

of the topic and identify additional studies that significantly contributed to the field (Wohlin, 

2014). Furthermore, forward snowballing was utilized to identify more recent studies that cited 

pivotal research papers (Wohlin et al., 2022). Another seven eligible studies were discovered 

through snowballing. Consequently, 19 eligible articles were included in this systematic 

literature review (Bosello et al., 2020; Campana & Xavier Dominguez, 2020; Carducci et al., 

2016; Delmas & Kohli, 2020; J. Fernandes et al., 2023; Grossman et al., 2017; Kim et al., 2021; 

Kim & Sohanchyk, 2022; S. Kim et al., 2022; Leonardi et al., 2014; Ling et al., 2021; Mahajan 

et al., 2020; Niemeyer et al., 2009; Pokric et al., 2015; Relvas, 2021; Shabanabegum et al., 2021; 

Teles et al., 2020; Thomson et al., 2017; Varnavsky, 2020). Table 3.1: Eligibility criteria for the 

screening stages for selecting literature studies. Further, Appendix A provides a summary of the 

eligibility articles. 
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Table 3.1: Eligibility criteria for the screening stages 

Stages Criteria Decision 

Searching Peer-reviewed studies such as journal articles, conference papers, and 

book chapters.  

Inclusion 

When the specified keywords are present either in the entirety or at least 

within the paper's title, keywords, or abstract. 

Inclusion 

In case of any duplication among the identified studies. Exclusion 

Studies that are books, review papers, and metadata. Exclusion 

Title and abstract 

screening 

Studies present sufficient information on the gamification of either indoor 

or outdoor air quality education. 

Inclusion 

Studies that analyzed or tested any education methods, including digital 

(e.g. mobile apps or video games) and non-digital (e.g. classroom-based 

activities or board games). 

Inclusion 

The main focus was not on air quality education (e.g., energy efficiency, 

thermal comfort, etc.). 

Exclusion 

Full-text screening Studies that only propose the use of gamification without any 

experimental testing. 

Exclusion 

Studies that do not incorporate gamification elements in any form (e.g., 

points, rewards, challenges, or interactive play) as part of their methods. 

Exclusion 

The studies have no information regarding the learners or testing subjects 

(characteristics and sample size). 

Exclusion 

 

Figure 3.1: PRISMA flow diagram and the process of identifying the relevant works 

Reports excluded in 

the full-text screening 
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3.3.3 Analysis Approach 

One of our research questions (Q4) aims to assess the game elements adopted in the proposed 

air quality applications. To achieve this, we utilized the Octalysis framework, a well-established 

Gamification Design Framework developed by Chou (2015, p. 23). The Octalysis framework 

breaks down into eight Core Drives (CDs), represented in an octagon shape as shown in Figure 

3.2 (hence the name “Octalysis”). Each CD also incorporates various game elements (as they 

can be seen in the corners of the Octalysis). These elements are the individual components or 

features within a game that contribute to the overall gaming experience (Rabin, 2009). For 

instance, points are a game element of CD 2. These CDs are the fundamental psychological 

motivations that drive individuals to engage in a particular activity or game. 

 

Figure 3.2: Gamification Design Framework, Octalysis, modified from 

The Octalysis framework has been widely used in various fields, including marketing, 

education, and product design, to enhance user engagement and drive desired behaviors (Chen 

et al., 2023; Karać & Stabauer, 2017). As such, it represents a suitable tool for analyzing the 

gamification solution adopted in the selected papers for air quality education. Rather than using 

Octalysis to design game elements directly, we employed the Octalysis framework as a 
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structured analytical model to systematically identify, categorize, and understand the game 

elements present in prior studies to respond to Q4.  

3.4 Results 

In this systematic literature review, a total of nineteen papers published between 2009 and 2023 

were identified, comprising eleven journal articles, six conference papers, one book chapter, 

and one master’s thesis. Figure 3.3 illustrates the number of publications and types of scholarly 

outputs per annum. The Figure shows a substantial increase in the number of applications in 

2020 and 2021. This trend likely corresponds to the rise in research and publications during the 

COVID-19 pandemic, as the global situation heightened interest and urgency in health-related 

topics, including air quality education through gamification (Aviv-Reuven & Rosenfeld, 2021; 

Raynaud et al., 2021). 

 

Figure 3.3: Summary of the eligible articles’ source output  

3.4.1 Primary contexts of the games 

This section explores the potential information concerning the first research question in this 

study, focusing on the primary contexts of the games discussed in the literature. The primary 

focus of the games revolved around diverse facets of air pollution, focusing on IAQ, OAP, and 

both. The findings show that three types of built environments have been investigated, including 

classrooms (one paper), residential buildings (seven papers), and general environments (eleven 

papers). The general environment implies that the study did not mention any specific case study, 

space, or building typology. Further, most studies used real-time data collection, integrating 

with the application which can collect various environmental parameters, namely temperature, 

CO2, VOCs (Volatile Organic Compounds), CO, air pressure, PM10, PM2.5, N02, 
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formaldehyde, UVI (Ultraviolet Index), O3 (ozone), PM1.0, PM4.0, PM1, smoke, benzene, 

sulfide, and alcohol. Detailed information on the built environment context and the IAQ and 

OAP parameters are presented in Table 3.2. 

Table 3.2: Details of the main context of the games  

Publications Indoor/Outdoor Built Environment Real-time IAQ and OAP elements 

(Niemeyer et al., 

2009) 

Indoor Classroom Temperature, CO2, and VOCs* 

(Leonardi et al., 

2014) 

Both General CO, air pressure, temperature 

(Pokric et al., 

2015) 

Indoor General Temperature, air pressure, humidity  

(Carducci et al., 

2016) 

Both General N/A 

(Thomson et al., 

2017) 

Indoor Residential PM10, PM2.5, VOCs, N02, CO 

(Grossman et al., 

2017) 

Indoor Residential N/A 

(Bosello et al., 

2020) 

Outdoor General 
Temperature, humidity, PM1.0, PM2.5, 

PM10, formaldehyde, UVI 

(Teles et al., 

2020) 

Outdoor 

General- Lisbon’s 

Downtown (virtual 

environment 

replication) 

NO2, O3, PM2.5, PM10 

(Campana & 

Xavier 

Dominguez, 

2020) 

Indoor General PM1.0, PM2.5, PM4.0, PM10 

(Varnavsky, 2020) Outdoor General N/A 

(Delmas & Kohli, 

2020) 

Both General N/A 

(Mahajan et al., 

2020) 

Both General PM1, PM2.5, PM10 

(Ling et al., 2021) Indoor General 
CO2, NOX, NH3, smoke, benzene, 

sulfide, alcohol 
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(Relvas, 2021) N/A 

General-Virtual 

environment 

replication 

N/A 

(Shabanabegum 

et al., 2021) 

Indoor Residential PM2.5, CO, CO2, TVOC, NO2 

(Kim et al., 2021) Indoor Residential PM2.5, CO2, NO2 

(Kim & 

Sohanchyk, 2022) 

Indoor Residential PM2.5, CO, CO2, TVOC, NO2 

(S. Kim et al., 2022) Indoor Residential PM2.5, CO, CO2, TVOC, NO2 

(J. Fernandes et al., 

2023) 
Indoor Residential CO, NO2, PM1, PM2.5, PM10 

* This paper goes beyond measuring air quality parameters, including light and noise. 

Figure 3.4 provides further details about the relationship between primary contexts and the 

number of publications per annum. Most of the articles investigated IAQ as the leading 

environmental context. 

 

Figure 3.4: Summary of the primary contexts of the eligible articles 

3.4.2 Learning objective of the games 

This section addresses the study's second research question regarding the primary learning 

objectives of the games, which are categorized into two main groups: asthma management (26%, 

four studies) and awareness and perception (74%, fifteen studies). Figure 3.5 illustrates the 

relationship between these key contexts and the number of publications per year. The asthma 

management objective focuses on helping users control and alleviate asthma symptoms by 
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fostering daily asthma management behaviors. This is achieved by highlighting the link 

between air quality and respiratory health (Grossman et al., 2017; S. Kim et al., 2022). Key 

strategies include supporting users with IAQ monitoring (Shabanabegum et al., 2021) and 

providing reminders to ensure adherence to prescribed asthma management measures (Kim et 

al., 2021). The objective of awareness and perception aims to enhance users' understanding of 

air pollution and its impacts. This involves raising awareness of pollutant exposure, promoting 

knowledge of associated health effects, and emphasizing the significance of IAQ. The 

objectives also seek to foster social responsibility, encourage behavioral changes, and promote 

the adoption of protective measures. Collectively, these initiatives aim to create well-informed 

and engaged users who are better equipped to address the challenges posed by air pollution. 

 

Figure 3.5: Summary of the primary objectives of the eligible articles 

3.4.3 Profile of the trainees and the sample size 

This section provides possible results to answer question 3 on the profile of the trainees. The 

gamification applications identified in this review were developed and tested for three generic 

groups of trainees, namely i) adults aged from eighteen to seventy-five, ii) teenagers aged from 

thirteen to seventeen, and iii) children below twelve years old. Figure 3.6 represents the sample 

size distribution of the trainees involved in testing the gamification solutions in the selected 

works. Based on the findings, adults include professional employees and bachelor students, 

while teenagers comprise individuals from high school and senior high school. Children 

predominantly consist of elementary school students. Additional details about trainees’ profiles 

can be found in Figure 3.7. 
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Figure 3.6: Sample size distribution of the selected works 

 

Figure 3.7. Trainees’ profile 

3.4.3.1 The applied game elements 

According to the fourth research question in this work, this section delves into the applied game 

mechanics in the literature. In the analysis of eligible articles, 16 distinct game elements were 

identified. Each element is associated with reference game elements within different CDs (Table 

4). Labels A to P were assigned to correlate with each game element to facilitate reference and 

categorization. For instance, Pokric et al. (2015) employed three game elements, namely ‘scores, 

points, and awards’, ‘choosing an avatar’, and ‘leaderboard’. Each game element is associated 

with reference game elements and labels: E – ‘points’, K – ‘avatar’, and F – ‘leaderboard’. In 
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some cases, the authors mentioned the game elements not associated with the reference game 

elements. Consequently, they were revealed as Not Available (N/A). Relvas (2021) used a game 

element entitled ‘Main Character Explains to the Player and Dialogue’. In this case, this game 

element conveys two meanings. Therefore, two reference game elements were considered for 

it, which are ‘Narratives’ and ‘Virtual Storytelling’. Varnavsky (2020) did not clarify the game 

elements they utilized in their game. Hence, it was coded as Not Clarified (N/C). In Table 3.3, 

only the game elements found within the eligible papers were listed, not the complete group of 

game elements mentioned in the Gamification Design Framework (see Figure 3.2 for further 

details about the game elements). Appendix B presents a definition of each game element and 

provides quotes from the original reference. 
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Table 3.3: The game elements translator 

Sources Retrieved Game Elements 

ID
s 

Reference Game Elements, developed by Chou (2015) 
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[89] 

Various Roles and Teams 

3 

M                 

Social Interactions N                 

Difference in-Game Activities N/C                 

[90] Real-time Feedback 1 H                 

[91] 

Scores, Points and Awards 

3 

E                 

Choosing an Avatar K                 

Leaderboard F                 

[92] 

Storyboard 

5 

A                 

Choose a Player (Boy or Girl) L                 

Multiple Levels B                 

Score E                 

Score Reduction P                 

[93] 

Reminders 

9 

N/C                 

Feedback H                 

Personalized Character, picks a name and avatar K                 

Rewards and Prize E                 

Task Completion and Daily Missions C                 

Answering Questions N/C                 

Secret Code J                 

Space Locker N/C                 

Take Photos for Postcards  N/C                 

[94] Customizable Avatar 11 K                 
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Scorecard E                 

Monetary Award G                 

Reminder N/C                 

Milestone N/C                 

Objective C                 

Dialog Box N/C                 

Rules N/C                 

Punishment P                 

View Their Counterparts’ Score N/C                 

Immediate Feedback H                 

[95] 

Motivations 

3 

N/C                 

Achievements, Level and Experience B                 

Registration and Login N/C                 

[86] 

Sitting on a bus (passenger) 

6 

N/C                 

Driving different buses I                 

Tasks C                 

Tutorials and help D                 

Two driving modes N/C                 

Teleport option N/C                 

[96] 

Filter Options 

5 

N/C                 

Information Button N/C                 

Particles Scale and Risk Buttons N/C                 

Rural N/C                 

Pause and Play Option N/C                 

[97] N/C - N/C                 

[106] 

Tomorrow’s Forecast 
2 

N/C                 

Prize G                 

[98] 

Storytelling Sessions 

3 

O                 

Play with Joystick-based Console N/C                 

Collaboration M                 

[99] Integrating a Mini Game 1 N/C                 

[100] 

Main Character Explains to the Player and 

Dialogue 

6 

A/O                 

Different non-Player Characters N/C                 

Different Game Features N/C                 

Player’s Objectives C                 
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Game tutorial D                 

[101] 

Chatbot 
2 

N/C                 

List of Action Items I                 

[102] 

Pick Different Emojis and Personalized 

Characters 

4 

K                 

Track the History of Monitored Information L                 

Informational content D                 

Chatbot to Answer Questions H                 

[103] 

Suggests Proper Actions 
2 

N/C                 

Animated Narrative Cat A                 

[104] 

Chatbot 
2 

H                 

List of Recommendation Actions I                 

[105] 

Collaboration 

8 

M                 

Tutorial D                 

Objectives C                 

Content N/C                 

Non-Playable Character (Guide/Hint) A                 

Scores   E                 

Feedback H                 

Users Can Choose the Role I                 

Frequency of occurrences of Game elements 4 2 5 4 5 1 1 2 6 4 1 5 3 1 2 2 

Frequency of occurrences of Core Drives (CDs) 4 20 11 5 4 2 2 
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3.4.4 Types of delivery methods and applications 

This section provides answers for question 5 of this work on the delivery methods. Various 

methods and applications have been utilized to gamify air quality education. This review shows 

that most studies applied digital games. These games were mainly available on three main 

technologies, such as smartphones or tablets, as evidenced by the selected works. Also, laptops, 

PCs, and AR have been used to deliver the games. Also, two studies were categorized as 

‘Others’. Figure 3.8 illustrates these methods by year. 

 

Figure 3.8. Illustration of the types of delivery methods and applications 

The studies identified 2D and 3D games, played on smartphones/tablets or PCs/laptops. Some 

games were further integrated with activities, such as real-time air quality monitoring devices, 

and interactive quizzes and offline questionnaires combined with air quality sensors. Other 

methods, like cartoons and video games, were also used. Another activity was the bicycle 

crowdsensing system, where users contribute data on cycling routes and environmental factors 

via mobile devices. AR integration appeared in four studies. For example, AR was used to place 

3D objects in real-time video, enhancing immersion, and Unity with Vuforia was employed to 

create an AR app featuring a virtual character with sensor data represented by health and hunger 

states. Additionally, AR was used to visualize environmental data for education, and in one 

study, children interacted with virtual and real-world elements to make invisible information 

accessible. However, none of the studies utilized head-mounted displays or immersive virtual 

reality solutions. Table 3.4 represents the usage of each tool or activity in the related 

game/environment type.  

2009 2014 2015 2016 2017 2020 2021 2022 2023

Others (2) 1 1

Augmented Reality (4) 1 1 1 1

Laptops or PCs (4) 1 2 1

Smartphones or Tablets (9) 1 2 2 2 2

0

1

2

3

4

5

6

7

Number of 

Publications



 

48 

 

Table 3.4: Categorization of game types, tool, and associated activities  

Tool/Activity 2D Environment 3D Environment AR 

Integration 

Crowdsensing  

Interactive Quizzes ✔    

Real-time Air Quality ✔ ✔ ✔  

Unity/Vuforia (AR)   ✔  

Sensor Integration   ✔  

Data Collection via 

Mobile (bicycle) 

   ✔ 

 

3.4.5 Reported findings  

Based on question six in this study, the reported findings were classified into three groups: i) 

user engagement and feedback, ii) educational impact and awareness, and iii) perception and 

willingness. The reviewed studies present a positive outlook on user engagement within various 

applications. Niemeyer et al. (2009) and Bosello et al. (2020) reported overall positive 

feedback, underscoring high user engagement. Thomson et al. (2017) found that users, 

particularly children, experienced improved engagement and considered the game fun and 

helpful. Teles et al. (2020) observed high usage success rates, satisfactory task completion 

times, and positive user experiences. Campana and Xavier Dominguez (2020) confirmed using 

smartphone environmental applications could increase trainees’ social responsibility. They also 

concluded that the game increase curiosity and users’ engagement. Varnavsky (2020) noted that 

smartphone environmental applications contributed to heightened social responsibility, 

reflecting an active user participation trend. However, S. Kim et al. (2022) observed that while 

the graphical interface of their game received positive initial impressions, trainees reduced app 

use due to a perceived lack of interactivity and fun, highlighting areas for improvement. J. 

Fernandes et al. (2023) reported a significant improvement in knowledge (about 50%) and 

positive assessments of satisfaction, usability, and opinions. Mahajan et al. (2020) noted overall 

positive user feedback regarding the tools, highlighting raised awareness and engaging user 

experiences. 

Regarding educational impact and awareness, Leonardi et al. (2014) reported an increase in 

curiosity, leading to heightened motivation and awareness among citizens, indicating a positive 

educational impact. Pokric et al. (2015) stated that trainees found the game entertaining and the 

content provided was educational. Carducci et al. (2016) found that video games designed for 
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children were useful, simple, and fun. In this study, trainees demonstrated noteworthy 

enhancements in learning outcomes by engaging in the videogame-based learning activity, 

including leaflets and storyboards. Statistical analysis revealed a significant knowledge increase 

among individual responses (p < .05). Delmas and Kohli (2020) observed that positive user 

experience increased users’ perception of air pollution.  

Regarding perception and willingness, the reviewed studies also revealed varying aspects of 

trainees' perception and improvement needs in the context of air quality applications. Ling et 

al. (2021) reported that 60% of trainees expressed willingness to use the application, indicating 

a positive overall perception and readiness to engage. Shabanabegum et al. (2021) identified 

limited knowledge among children regarding IAP and its impact on asthma, suggesting the 

imperative for educational improvement. Kim and Sohanchyk (2022) noted positive initial 

interaction and increased parental involvement, signifying active parental and community 

engagement. Lastly, Relvas (2021) reported a significant improvement in children’s perception 

after the post-assessment, indicating positive changes in understanding. These studies 

underscore the effectiveness of innovative applications and tools in fostering air quality 

awareness, education, and engagement.  

3.4.6 Challenge of the delivery method or application  

Question seven of this work sought any challenge to the applications reported in the literature. 

Some papers mentioned that they faced some challenges. For example, Pokric et al. (2015) 

reported encountering issues and highlighted the need for additional tutorials based on user 

feedback. Teles et al. (2020) criticized the application for lacking a rich narrative and having a 

poorly designed interface. Thomson et al. (2017) faced challenges due to the use of low-cost 

tethered devices, specifically impacting certain gameplay features. They used the Dylos air 

quality monitor, which relies on a wall outlet for power and a tethered 9-pin serial to a full USB 

connection to the tablet. Grossman et al. (2017) encountered design limitations, including issues 

with the positioning and visibility of the flashing light indicator due to the opacity of the plastic 

shell of the dose counter. The dose counter, integrated with the game, had some issues, including 

a lack of sturdiness and functional limitations. Communication errors between the dose counter 

and the app related to rewards cause user frustration and mistrust. Relvas (2021) reported 

occasional bugs, particularly in pause mode, displaying unpredictable behavior such as 

unresponsiveness or needing closure. Although infrequent during testing, these issues could 

potentially lead to trainee frustration. J. Fernandes et al. (2023) documented those trainees 

accepted occasional tracking failures of markers (box and ring) as part of the game’s challenges. 
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Through trial and error, trainees developed strategies such as bringing the marker closer to the 

camera and maintaining parallel alignment with the image plane. The rest of the studies 

provided no information regarding the challenges they faced while using the application or the 

games.  

3.4.7 Psychological and Learning Theories  

This section also provides the results to answer question eight of this study. Based on the 

findings, only a few psychological and learning theories or models have been employed to 

gamify air quality education. Niemeyer et al. (2009) utilized John Dewey’s theory, emphasizing 

the integration of play and work in the curriculum. John Dewey’s theory is known as 

progressive education, experiential learning, and problem-solving. This theory values the social 

aspect of learning, fosters democratic values, and views education as a lifelong, continuous 

process (Gajic, 2024). Grossman et al. (2017) employed Captology and the Elaboration 

Likelihood Model (ELM) to enhance user engagement through a persuasion approach, offering 

a framework of social influence. This theory suggests that there are two routes to persuasion: 

the central route, where people carefully consider information and arguments, and the 

peripheral route, where persuasion relies on factors such as the attractiveness or credibility of 

the source rather than the content of the message (Petty & Cacioppo, 1986). Also, Delmas and 

Kohli (2020) focused on the Theory of Planned Behavior and the Theory of Issue Engagement, 

which show that having the intention to perform an action increases the likelihood of actually 

carrying out that action (Ajzen, 1991).  

3.5 Discussion  

The analysis of these selected papers was guided by the eight questions listed in Section 3.1. 

This study provides a further comprehensive understanding of the existing applications of 

gamification for air quality education. Based on the findings, the primary contexts explored in 

the eligible papers are IAQ, OAP, and both. In some cases, they just focus on the general 

environment. The main built environment/building typology is residential, which is the most 

common context. One study considered classrooms to assess the application of gamification. In 

addition, a study replicated Lisbon’s Downtown as a virtual environment, and a study generally 

simulated a virtual environment to educate individuals about air pollution.  

Regarding the learning objectives, the studies worked on educating the public about the impact 

of air pollution to enhance individuals’ awareness of general pollutant exposure. These 

objectives extend further to educating the public about the health effects of air pollution and 

policies and fostering knowledge about air quality and healthy lifestyles. Additionally, the goals 
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include improving children’s understanding of asthma outcomes and promoting the routine 

habit of asthma control through education on the importance of air quality. The results of the 

eligible studies show that nine main game elements have been utilized for asthma management, 

including quest lists, points, win prizes, instant feedback, avatar, progress loss, choice 

perception, step-by-step tutorial, and progress bar (see Figure 3.9).  

Alternatively, Al-Rayes et al. (2022), who systematically reviewed the application of 

gamification in healthcare, highlighted that points, leaderboards, levels, feedback, and 

challenges are the predominant gaming elements utilized in gamified healthcare applications. 

 

Figure 3.9: Sankey diagram depicting the relationship between game elements  

In this review, the most common game elements delivered by the application of gamification 

were also identified. In general, a total of sixteen game elements within the eligible articles 

were identified and associated with the reference game elements. As a result, forty-nine game 

elements (including the sum of all game elements mentioned in the same way in all the articles) 

have been linked to the reference game elements. CD2 (Development & Accomplishment) and 

CD3 (Empowerment of Creativity & Feedback) were the CDs most used by applying nineteen 
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and eleven game elements, respectively. In CD2, ‘Quest Lists’ (5), ‘Step-by-Step Tutorial’ (4), 

and ‘Points’ (5), and in CD3, ‘Instant Feedback’ (6) were the most used game elements (see 

Table 4). Figures 10 and 11 provide some information about the frequency of studies using CDs 

with primary context and trainees’ profiles. These charts illustrate that each primary context and 

each group of trainees are linked with which CDs and highlight the overlap between the 

variables with CDs. More importantly, they show which CDs have been utilized more and 

which ones have not. Each parameter is presented in a separate chart due to insufficient or weak 

data for some parameters. Subsequently, these charts were consolidated into a single chart to 

enhance clarity. 

 

 

Figure 3.10: The frequency of Core Drives and primary contexts  
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Figure 3.11: The frequency of Core Drives and trainees  

The findings indicate that laptops or PCs were the primary delivery methods in four studies, 

while smartphones or tablets were used in 15 (see Fig. 8). These devices were often integrated 

with real-time data collection via sensors or crowdsensing through bicycles. Some studies 

reported positive feedback, improving trainees' awareness and engagement (Bosello et al., 2020; 

Leonardi et al., 2014; Niemeyer et al., 2009). Others highlighted that their games were 

entertaining, fun, and easy to use (Pokric et al., 2015; Thomson et al., 2017). Specifically, 

Carducci et al. (2016) found that 60% of children learned something from the game, with a 

1.40% knowledge improvement post-assessment. Another study noted 60% of trainees 

expressed willingness to use the application (Ling et al., 2021). 
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Users consistently reported positive engagement with environmental applications, with 

confirmed usability and feasibility sparking curiosity and generating positive feedback. 

Smartphone apps showed potential to enhance social responsibility and understanding of air 

pollution. Post-assessments revealed significant improvements in children's perceptions and 

increased parental involvement. However, trainees initially found the graphical interface 

helpful for identifying asthma triggers, but reduced app use due to perceived lack of 

interactivity (S. Kim et al., 2022). J. Fernandes et al. (2023) showed a 50% improvement in 

knowledge, with satisfaction and usability assessed through questionnaires. 

Overall, the studies emphasize the effectiveness of the applications in raising air quality 

awareness, with high user engagement and positive feedback. The educational impact was 

evident in increased curiosity and improved knowledge. However, few studies directly 

compared delivery methods or applications. J. Fernandes et al. (2023) found 85.2% of trainees 

preferred using real objects, while 14.8% preferred paper cards. Moreover, only a limited 

number of studies in air quality gamification have incorporated psychological theories (Delmas 

& Kohli, 2020; Grossman et al., 2017; Mahajan et al., 2020; Niemeyer et al., 2009), which are 

crucial for guiding intervention design and understanding behavioral change. While many 

reviews use meta-analysis to quantitatively assess research, this study faces limitations due to 

the lack of suitable quantitative data, restricting robust statistical analysis and the depth of 

insights. 

3.5.1 Proposed taxonomy for air quality-related serious games 

This work applied three approaches as foundations for proposing the taxonomy for air-quality 

related serious games/gamification, including the SDT (Gagné & Deci, 2005), the Octalysis 

framework (Chou, 2015), and the general taxonomy for serious games proposed by Breuer and 

Bente (2010). To ensure a systematic and rigorous categorization of findings, the proposed 

taxonomy is grounded in these established theoretical frameworks. The SDT provides insights 

into intrinsic and extrinsic motivation, which are essential to drive user engagement. In turn, 

the Octalysis framework offers a detailed breakdown of the Core Drives behind gamification, 

facilitating effective design strategies for behavioral change. Breuer and Bente’s taxonomy was 

chosen because of its impact on the field. It provides a suitable starting point for a taxonomy 

within the field of air quality education. The proposed taxonomy is presented in Figure 12.  

While developing this taxonomy, the goal was to expand upon the original taxonomy proposed 

by Breuer and Bente (2010) to include items related to air-quality gamification based on the 

findings of this review. The proposed taxonomy is divided into seven classifications: platform, 
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subject matter, learning goals, target audience, interaction mode, controls/interface, and 

motivation drives. It should be noted that these classifications correspond to each research 

question addressed in this study. Also, each classification within the taxonomy is accompanied 

by illustrative examples, all of which are achieved as a result of this study. However, these 

examples should not constrain or limit future research to only these instances in the future use 

of this taxonomy to classify papers or to develop new gamification solutions. Ultimately, this 

taxonomy is intended to provide a foundational framework and inspire innovative approaches 

in the development of serious games and gamified applications within the air quality education 

field.  
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Figure 3.12: Taxonomy and classification for air quality-related gamification
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This study aligns with two Sustainable Development Goals, including #3 (Good Health and 

Well-being) and #11 (Sustainable Cities and Communities). By addressing respiratory issues 

(e.g., asthma) caused by air pollution, this research contributes to reducing hospitalizations and 

premature deaths from IAP. It is also addressed as this review explores the educational potential 

of gamification and serious games to deliver educational content to individuals in improving 

indoor environments. Ultimately, this work supports the creation of more sustainable and 

resilient cities.  

The practical implications of this research span several domains. For academia, this research 

offers the foundation for future studies on gamification in air quality education. It introduces a 

taxonomy based on established theories, offering a systematic way to design, evaluate, and 

classify gamified applications. This taxonomy will guide researchers in creating innovative 

gamified solutions and foster further academic exploration in air quality education. We also 

identified key game elements, delivery methods, and learning objectives for educational 

applications. This research offers guidance for policymakers to integrate gamified strategies 

into public health and urban planning, promoting behavioral change and sustainable practices 

in communities. Also, the proposed roadmap (Fig. 13) offers guidelines for practical 

implementations of new technologies integrated with the applications. 

3.5.2 Research Gaps and Future Directions 

This section provides research gaps. First, the studies covered different types of built 

environments; however, other types of built environments, such as office buildings or public 

spaces (e.g., restaurants, libraries, etc.), have not been investigated (see Appendix A). One 

plausible explanation for this gap may stem from the complexity of controlling IAQ in specific 

scenarios, such as office buildings or libraries. Notably, the eligible studies focused solely on 

the health impact of air quality. For example, none of the studies specifically addressed 

knowledge retention in the context of air quality gamification. Effective knowledge retention 

in air quality gamification is paramount for ensuring a lasting impact on users, facilitating long-

term behavior change, and creating informed decision-making (Madani et al., 2017). 

Additionally, IAQ relates to the productivity and cognitive performance (X. Zhang et al., 2023), 

sleep quality (Strøm-Tejsen et al., 2016), human thermal comfort (Ma et al., 2021), and some 

aspects of environmental quality control, such as mold assessment (Qiao et al., 2024).  
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In the following, evidence of behavioral impact was found in only one study (Delmas & Kohli, 

2020), highlighting the necessity for further investigation into this crucial aspect. Many studies 

within the eligible studies did not conduct tests on their games with substantial sample sizes. 

Out of the examined papers, four studies assessed their games with fewer than ten trainees (n ≤ 

10), while nine studies extended their testing to up to thirty trainees (n ≤ 30). Consequently, it 

can be inferred that most of these studies relied on relatively small sample sizes for testing their 

applications. Current literature indicates a limited adoption of AR integration in gamified 

approaches, with no studies utilizing virtual reality headsets in game design. Furthermore, the 

majority of games are predominantly designed in 2D. Future research could explore innovative 

avenues by investigating the untapped potential of AR and VR technologies in gamification. 

Moreover, it is noteworthy that none of the studies incorporated simulations alongside the 

application of gamification. This limitation can be overcome in the future using various 

simulation-based scenarios that specifically address the importance of architectural strategies. 

i.e., windows and wind flow within buildings are used to control air pollution as well as mitigate 

energy consumption (Buonomano et al., 2023).  

In addition, there is a lack of comparisons among different types of games, including traditional 

and innovative approaches (digital and non-digital), for the future direction. The effectiveness 

of these methods was not systematically assessed. Engaging a wider audience, especially in 

regions where technology is not as advanced, presents a significant challenge for air quality 

education. In future research, it will be important to include both quantitative and qualitative 

analyses to assess how well these tools help users acquire and retain knowledge and whether 

they lead to lasting behavior changes. A comparison of different types of games (traditional and 

digital) would also be valuable in understanding which methods work best for a better learning 

outcome. Engaging a wider audience, especially in regions where technology is not as advanced, 

presents a significant challenge for air quality education. Moreover, research connected to 

emerging technologies, such as AI and IoT-based environmental monitoring, is currently 

missing. Future studies should explore how these technologies can complement or enhance 

gamification tools. Figure 13 illustrates a proposed research roadmap.  
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Figure 3.13: Roadmap for implementing AR/VR, AI, and IoT in air quality education 

integrated with gamification 

3.5.3 Application of Learning Theories 

A few reviewed studies have incorporated learning theories within their applications to enhance 

learning outcomes. For instance, Niemeyer et al. (2009) ] incorporated Dewey's theory about 

real-world experiences, role-play, and democratic learning structures. Dewey emphasized the 

idea of learning through experience (Dewey, 2001). In this study, students engaged with real-

world air quality data collected via “Pufftron” air sensors to discuss real pollution issues with 

their peers. This practice exemplifies Dewey’s vision of “learning by doing” and shows how 

gamification can align with experiential learning principles. 

Grossman et al. (2017) applied Captology and the Elaboration Likelihood Model (ELM) to 

enhance game elements and learning outcomes. Captology focuses on using computers and 

digital tools to influence behavior (Fogg et al., 2007). ELM explains how persuasion occurs 

through central (thoughtful) and peripheral (emotional or simple cues) routes (Petty & Briñol, 

2011). In this study, Captology principles were used to design engaging feedback systems, like 

animations and cheering sounds, to reward positive behavior instantly. Participants could 

customize avatars, promoting personal connection. The use of ELM was focused on peripheral 

persuasion, using simple visual cues, short motivational messages, and peer competition to 

encourage adherence. By combining interactive feedback with repetition, the proposed game 

aimed to build lasting habits and sustain positive behavior change. 

Phase 1: Identify the technological and educational
requirements for AR/VR, IoT, and AI platforms that
visualize air quality data.

Phase 2: Develop prototypes for AR/VR educational
content, AI-based personalized feedback, and IoT
sensors for real-time air quality monitoring.

Phase 3: Test the prototype in the target audience and
receive feedback to further improvement.

Phase 4: Scale the prototypes for wider adoption and
integrate them into existing educational systems and
platforms.

Phase 5: Ensure the long-term viability of the
integrated system and continue research on its
effectiveness.
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Delmas and Kohli (2020) explored how mobile apps can boost user engagement with air quality 

information and encourage health-protective behaviors by applying the Theory of Planned 

Behavior and the Theory of Issue Engagement. By stimulating users' intrinsic and extrinsic 

motivations, the app kept users engaged and improved their understanding of air pollution 

parameters. Users not only learned more about the health impacts of air pollution but also acted, 

adjusting their outdoor routines and using air filters to protect themselves. 

3.6 Conclusion 

This research systematically reviewed the application of gamification for air quality education 

by gathering data from nineteen papers published between 2009 and 2024. This work identified 

four delivery methods: augmented reality, smartphones/tablets, laptops/PCs, and portable 

devices. It also highlighted two main learning objectives: indoor air quality and outdoor air 

pollution. The Octalysis framework was used to classify the game elements used in the selected 

studies and their core drives. Sixteen distinct game elements were identified across the reviewed 

studies. “Accomplishment and Development” was the most frequently used core drive, linked 

with extrinsic motivation. The most common profiles of trainees are children and adults. All the 

studies employed digital games on smartphones, tablets, laptops, PCs, AR platforms, and 

portable devices. Future research should explore practical implementations of AR/VR, such as 

creating immersive experiences where users interact with real-world air pollution scenarios and 

view real-time air quality data to make informed decisions. Also, the identified educational 

theories include John Dewey's Experiential Learning, the Elaboration Likelihood Model for 

user engagement, the Theory of Planned Behavior for intention and action correlation, and the 

Citizen Science approach for active user involvement in scientific research. 
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Chapter 4 

Serious Game Development 

 

 

This chapter is based on the following Journal article, which has been published in final form: 
 

Baghaei Daemei, A., Feng, Z., Paes, D. (2025). Developing a Serious Game for Indoor Air 
Quality and Mold Prevention Education in Residential Buildings, Smart and Sustainable Built 
Environment, Vol. ahead-of-print No. ahead-of-print. https://doi.org/10.1108/SASBE-07-2025-

0374. 
 

 

Building on the systematic literature review presented in Chapter 3, which identified key gaps 

in the application of game-based learning for air quality education, this chapter translates those 

insights into the development and validation of a serious game prototype for mold prevention. 

While Chapter 3 established the conceptual and theoretical foundations, the present chapter  

(Chapter 4) focuses on operationalizing these principles into a practical educational intervention. 

The developed prototype subsequently forms the basis for the empirical evaluation reported in 

Chapter 5. 

 

 

https://doi.org/10.1108/SASBE-07-2025-0374
https://doi.org/10.1108/SASBE-07-2025-0374
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Chapter 4: Serious Game Development 

4.1 Introduction 

Indoor air pollution poses significant threats to public health (Li et al., 2019). As pollutants 

accumulate in the air, they contribute to the deterioration of the air quality, leading to a range 

of adverse effects (Burnett et al., 2018). When the indoor environment lacks proper ventilation 

or moisture control, it creates a breeding ground for various pollutants such as mold and dust. 

According to Klepeis et al. (2001), people spend more than 85% of their time indoors, with 70% 

of that time spent in residential settings (Tran et al., 2020). Given this high indoor exposure 

level, the adverse effects of indoor air pollution become even more concerning. Research by 

Kankaria et al. (2014) indicates that indoor air pollution can be up to ten times more harmful 

than outdoor pollution, making it a critical environmental and public health issue. It is worth 

noting that indoor air pollution is ranked among the top five environmental risks (EPA, 2023). 

One major contributor to indoor air pollution is mold, a fungus that thrives in damp, poorly 

ventilated environments. When moisture accumulates, whether from leaks, condensation, or 

high humidity, mold spores can spread rapidly, contaminating surfaces and releasing airborne 

particles that compromise air quality. Exposure to mold has been linked to various health 

problems, including allergies, respiratory infections, and asthma exacerbation (Lelieveld et al., 

2015; Silva et al., 2017). Vulnerable populations, such as children, older people, and individuals 

with preexisting conditions, are particularly at risk (WHO, 2019). Addressing mold growth 

through proper ventilation, moisture control, and early intervention is crucial to maintaining a 

healthy indoor environment. This emphasis highlights the need for action to prevent mold 

growth in residential buildings. Educating individuals and raising their awareness about the 

sources and consequences of mold is vital. Educating people about mold prevention techniques 

is of paramount importance due to the direct and profound impact it has on human health 

(Moreira et al., 2022). Understanding these potential health risks empowers individuals to take 

proactive measures to minimize exposure (Kim et al., 2024).  

One promising technique for delivering effective educational content is through gamification 

(Douglas & Brauer, 2021; Feng et al., 2023; Johnson et al., 2016). Gamification integrates 

game-like elements, principles, and mechanics into non-game contexts to engage and motivate 

individuals (Cai et al., 2025; Oliveira et al., 2023). Integrating educational content into 

interactive and immersive games can enhance people’s awareness in an engaging and safe 

environment (Behl et al., 2024; Boso et al., 2020; De Jans et al., 2017; Schiavi et al., 2022). In 

the context of gamification, serious design is used to achieve specific educational or training 
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objectives (Laamarti et al., 2014). Serious games are interactive digital experiences designed 

with the primary purpose of conveying educational or instructional content while engaging 

users in gameplay (Breuer & Bente, 2010). 

While mold is a known problem, there is limited specific research on effective, engaging 

educational methods, such as serious games, to empower individuals by providing practical 

skills. Several studies have explored educational interventions for indoor air pollution, focusing 

on raising awareness about various environmental parameters, such as volatile organic 

compounds, carbon monoxide (CO), particulate matter (PM10, PM2.5, PM4.0), ozone, smoke, 

benzene, and sulfide (Bruno et al., 2020; Campana & Xavier Dominguez, 2020; Mahajan et al., 

2020). Much of the research has centered around two primary approaches: raising awareness of 

air pollution and managing asthma. For instance, Pokric et al. (2015) developed a non-

immersive serious game for smartphones, which used real-time data monitoring to enhance 

users’ understanding of their exposure to various pollutants. The results were promising, with 

participants noting the simplicity of the augmented reality development, its usability, and the 

overall entertainment value of the game. 

Similarly, Campana and Xavier Dominguez (2020) aimed to increase senior high school 

students’ awareness of air pollution through an immersive serious game for tablets and 

smartphones, which integrated real-time PM measurements. In another study, Kim and 

Sohanchyk (2022) examined a tablet-based application designed for children aged seven to ten 

years, which used real-time environmental data to raise awareness of indoor air quality. The 

application garnered positive initial feedback and increased parental involvement. Likewise, 

Ling et al. (2021) studied a smartphone-based serious game incorporating a sensor node for 

data collection to enhance users’ understanding of air pollution. The feedback from participants 

was encouraging, with 60% of trainees expressing a willingness to continue using the app. 

Another significant focus has been on managing asthma through interactive and educational 

interventions. Studies have explored how serious games can assist individuals, particularly 

children, in managing their asthma. Thomson et al. (2017) investigated children's understanding 

of asthma clinical outcomes using a serious game integrated into a tablet application that 

included air quality monitors and spirometers. The results indicated that users were more 

engaged, and children rated the app as fun and somewhat helpful, with the exploration within 

the game being particularly enjoyable. Similarly, Grossman et al. (2017) developed a 

smartphone application to promote daily asthma control as a routine behavior. The app educated 
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users about the importance of air quality while integrating a dose-counter spirometer to help 

track asthma medication usage over time. 

In a more targeted approach, Kim et al. (2021) studied children aged eight to twelve years, 

helping them track their asthma condition and encouraging them to use a spirometer. Their 

smartphone app, which featured an indoor air quality sensor, customized emojis and characters 

to trigger motivation, and a history tracker with a chatbot for answering questions, aimed to 

make asthma management more engaging and personalized. Building on this, S. Kim et al. 

(2022) developed a smartphone application that interacted with real-time IAQ data to help users 

improve their indoor environment and identify asthma triggers. While the app’s graphical 

interface received positive initial feedback, its use declined over time due to a lack of 

interactivity and fun, highlighting the need for more engaging features to encourage continued 

usage. 

Some studies used digital technologies such as Augmented Reality or Virtual Reality to educate 

individuals about air pollution. For instance, Pokric et al. (2015) utilized a non-immersive 

serious game application for smartphones, using real-time data monitoring to teach users about 

air pollution and its effect on human health. Similarly, Campana and Xavier Dominguez (2020) 

developed an immersive serious game for tablet or smartphone with real-time PM 

measurements to increase users' awareness and understanding of air pollution, as well as teach 

them about potential risks. Regarding the long-term impact and knowledge retention of serious 

games, Liyuan Hu et al. (2021) compared medical students who trained using the NEOGAMES 

serious game against those in a traditional control group. While short‑term knowledge gains 

were limited, results at 6‑month follow‑up revealed substantially higher retention among 

participants in the game group, nearly three times the retention compared to controls. Also, 

Chittaro and Buttussi (2015) demonstrated that an immersive serious game significantly 

outperformed a traditional safety card in enhancing long-term knowledge retention about 

aviation safety, with participants maintaining their post-test performance even after one week, 

highlighting the role of emotional engagement and physiological arousal in sustained learning 

outcomes. 

Although substantial research has been conducted on indoor air quality-related issues, a notable 

gap exists in mold prevention. Despite the well-documented health risks associated with mold 

exposure and the widespread nature of the problem, no study has specifically explored the 

potential of serious games to educate individuals on mold prevention in indoor environments 

(Abdollah Baghaei Daemei, Ruggiero Lovreglio, et al., 2025). Therefore, this study represents 
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one of the first efforts to address this gap by developing an interactive educational game to 

educate individuals with practical skills to prevent mold growth in residential buildings. 

As such, the primary aim of this study is twofold: first, to prototype a serious game designed to 

educate people on preventing mold growth in residential buildings, and second, to verify the 

educational content of the game through a semi-structured interview (see Appendix D for 

further details) and home visit investigation. This research presents the practical steps and 

knowledge required to develop a serious game prototype to raise people’s awareness of indoor 

air quality. 

4.2 Methodology 

This section outlines the research design, game development process, and evaluation approach.  

The study uses a single-arm experimental design, where participants completed a pre-test, 

engaged with the serious game, and then completed a post-test. The methodology also includes 

details about how knowledge was assessed across multiple domains, how responses were scored, 

and the tools and statistical tests used for analysis. 

4.2.1 Learning Objectives and Educational Content 

The game has four learning objectives (LOs) designed based on Bloom’s Taxonomy (Krathwohl, 

2002), focusing on the first three cognitive levels: Remember, Understand, and Apply. This 

framework ensures structured learning progression, guiding players from basic knowledge 

acquisition to practical application in real-life scenarios. Bloom’s Taxonomy levels associated 

with each learning objective (LO) are presented as follows: 

• Remember (LO1 & LO2): The first level of Bloom’s Taxonomy involves recalling facts 

and recognizing key information. LO1 requires players to identify specific spots in the 

kitchen, bedroom, and bathroom where mold will likely grow, reinforcing memory -

based recognition of mold-prone areas. Similarly, LO2 focuses on recalling the essential 

elements of mold formation—temperature, humidity, spores, and nutrients—helping 

players establish foundational knowledge of mold growth conditions. 

• Understand (LO3): The second level emphasizes comprehension and the ability to 

explain concepts. LO3 requires players to understand how specific environmental 

conditions, such as temperature and humidity, contribute to mold growth. This goes 

beyond memorization by enabling players to connect different factors and predict when 

and where mold will likely develop. 
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• Apply (LO4): The third level involves using acquired knowledge in real-world contexts. 

LO4 focuses on applying strategies to prevent mold growth in residential buildings. This 

requires players to take what they have learned about mold-prone areas, essential growth 

factors, and environmental conditions, and translate that knowledge into actionable 

steps for maintaining a healthier indoor environment. 

The target audience for this serious game comprised the general public adults across New 

Zealand, including homeowners, renters, and individuals living in diverse housing conditions. 

The game was designed to be accessible to a broad demographic, ensuring ease of use regardless 

of players’ technical skills or prior knowledge of mold prevention. This is supported by several 

studies reporting that more than half of New Zealand rental houses had visible mold (BRANZ, 

2015; Consumer, 2023).  

First, users will learn to identify spots where mold can likely occur (LO1). They will learn the 

key factors contributing to mold formation (LO2). Additionally, the game will cover the optimal 

temperature, and humidity ranges necessary to prevent mold growth (LO3). Finally, users will 

be taught effective strategies for mold prevention (LO4). The learning objectives and 

educational content were developed based on official public sources, including relevant 

governmental regulations, standards, building codes, and international publications, as 

described in the following paragraphs. This ensures that the learning objectives and educational 

content are aligned with established and evidence-based knowledge rather than general 

assumptions. Notably, each LO corresponds to each level in the game (Figure 4.1). Therefore, 

users can progress by completing one level after another, advancing their understanding and 

knowledge about mold prevention. 

 

Figure 4.1: The sequence of the levels according to the LOs 

For LO1, the identified zones and spots for potential mold growth include the kitchen, bedroom, 

and bathroom. In the kitchen, key areas are the kitchen bench (countertop) (Brambilla et al., 

2022), windows, and sinks (An & Yamamoto, 2016). In the bedroom, mold-prone spots include 

windows (Brambilla et al., 2022), walls, and cupboards (wardrobe and closet) (Arumala, 2006; 
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Small, 2003), ceiling corners (Mahooti-Brooks et al., 2004), behind curtains and behind 

furniture (Stachniewicz, 2018). In bathrooms, mold commonly develops on window reveals 

and windowsills (Arumala, 2006; Stachniewicz, 2018) and in upper room corners (Robbins & 

Morrell, 2017), while in the broader dwelling it is also frequently found in carpets, textiles, and 

areas associated with cooking and laundering. For LO2, we found the key components of mold 

formation, including temperature, humidity, spores, and nutrients, across the published 

literature (Du et al., 2021; Northolt & Bullerman, 1982). The educational content for LO3 

encompasses the optimal ranges of temperature and humidity to prevent mold growth. For 

optimum occupant comfort and health, a humidity of 40-60% (BRANZ, 2019b; LEVEL, 2023) 

and an indoor temperature between 18-22°C is recommended (BRANZ, 2019a; Building 

Performance, 2023; Plagmann, 2019). Finally, for LO4, we identified 15 strategies among 

several official sources. Among those strategies, we will apply the most practical and effective 

ones within the game. Public sources in New Zealand suggest several solutions to reduce 

moisture and condensation. These include wiping condensation off windows and walls, and 

opening windows. It's recommended to avoid using portable gas heaters or unflued gas heaters. 

Hang washing outside to dry and use lids on pots while cooking. Additionally, fans and 

rangehoods should be used to ventilate. Limit moisture sources such as fish tanks and indoor 

plants. Install ventilation systems and use dehumidifiers. Vent driers outside and improve 

heating and insulation in the house. Pull beds and furniture away from walls, leave wardrobes 

slightly open, and open curtains during the day (1News, 2023; Allergy New Zealand, 2022; Building 

Performance, 2023; Consumer, 2022; Kāinga Ora, 2023).  

4.2.2 Serious Game Prototype Development 

The prototyping workflow for the serious game adhered to a structured process, as illustrated 

in Figure 4.2. It commenced with identifying learning objectives, establishing the core 

knowledge and skills the game aimed to impart. Subsequently, educational content was 

developed through a literature review to align with best practices and research findings. 

Thereafter, game mechanisms were designed, incorporating principles from the Octalysis 

framework. In line with that, some research highlights successful applications of the Octalysis 

Framework. A study by Lozano et al. (2023) developed a mobile application for mathematical 

learning, incorporating game-based learning principles with Octalysis-driven mechanics. 

Evaluations showed improved engagement and effectiveness in knowledge retention. 

Mentzelopoulos et al. (2015) explored a role-playing simulation platform structured around the 

Octalysis Framework, providing educators with interactive role-play simulations featuring 

virtual humans to enhance learning experiences. The results underscored the framework’s utility 
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in immersive educational simulations. Furthermore, a classification study on stress 

management mHealth applications examined how the Octalysis Framework helps map 

motivational elements in health-related apps, emphasizing user engagement and adherence 

(Ewais & Alluhaidan, 2015). The following step involved developing the game’s storyline and 

crafting a narrative reinforcing the learning objectives. Once the structure was in place, the 

prototype was developed using Storyline 360, translating the conceptual design into an 

interactive format. This initial version was verified and tested for alignment with learning goals 

through semi-structured interviews and home-visit investigations. Finally, refinements were 

made based on verification outcomes, ensuring the game met its intended objectives before 

final implementation. 

 

Figure 4.2: The prototyping workflow 

4.2.2.1 Game Mechanics 

To identify the game mechanics, the research team applied the Octalysis Gamification Design 

Theory principles (Chou, 2015) to enhance engagement and motivation (Table 4.1). This theory 

proposes game mechanics aligned with intrinsic and extrinsic motivators, which can engage 

and motivate players while delivering educational content. The mechanics are designed to 

ensure players engage with each scene sequentially, requiring them to complete one scene 

before unlocking the next. This rule guides the player’s progression and reinforces learning by 

gradually introducing more complex challenges and information as they advance through the 

levels, aligning with the learning objectives. Reward systems in the game involve incentives, 

including points and stars that players earn for completing tasks and reaching goals or a certain 

level. Points are earned for correct choices and deducted for incorrect ones, with a maximum 

of 10 points and a reduction of 3 points to maintain motivation. Performance is also visually 

represented through stars awarded at the end of each scene and level (Figure 4.3).  
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Table 4.1: The selected game mechanics incorporated into the game are aligned with the 

Gamification Design Framework (Octalysis) developed by (Chou, 2015) 

CDs Mechanics Explanation/Usage 

CD 1: Meaning 

Narrative 

Narrative refers to the storyline and context that 

immerses players in the learning experience. It integrates 

characters, scenarios, and challenges that provide a real-

world framework for players to explore through a 

compelling story. 

Higher 

Meaning 

It provides players with a sense of purpose beyond the 

game itself. Players are motivated not just by the game's 

rewards, but by the belief that their actions contribute to 

a greater cause or have real-world significance. 

CD 2: 

Accomplishment 

Points  
Points are a form of extrinsic reward that recognizes 

player’s actions and achievements. 

Progress Bar 
The progress bar visually represents how far the player 

has completed a task or mission. 

Quest Lists 
Quest lists outline tasks or challenges that guide the 

player's journey. 

Step-by-Step 

Tutorial 

The tutorial breaks down tasks and teaches the player 

how to succeed in the game. 

LevelUp 

Symphony 
Whenever you level up, you acquire a new set of skills.  

CD 3: 

Empowerment 

Milestone 

Unlock  

It represents a key achievement or significant event in 

the game that rewards the player with new content and 

levels. It marks the completion of a specific set of tasks. 

Instant 

Feedback 

The immediate responses players receive based on their 

actions or decisions in the game. 

CD 4: Ownership Avatar 
A customizable digital representation of the player 

within the game. 

CD 5: Social 

Influence 
Mentorship 

It refers to a guidance system where an experienced 

character (a virtual character) provides the player with 

advice, support, and knowledge. 
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CD 7: 

Unpredictability 

Visual 

Storytelling  

This mechanic uses images, animations, and design 

elements to convey the game's narrative and themes. 

Rather than relying on text or dialogue, it communicates 

key messages, emotions, and ideas through art style, 

character design, environments, and visual cues. 

CD 8: Avoidance 
Progress 

Loss 

It refers to the mechanic where players lose some in-

game points after failing the task or challenge. 

 

a  

b  

Figure 4.3: The in-game reward system. Based on participants’ performance 

Feedback loops in the game provide both instant and overall responses to user actions. Instant 

feedback appears immediately after each choice, awarding or deducting points, changing 

hotspot colors (green for correct, red for incorrect), and playing audio cues. Overall feedback 

is given at the end of each level through a pop-up panel that explains the rationale behind correct 

and incorrect answers and summarizes the user’s final score. For example, in Level 1, hovering 
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over a hotspot reveals a tooltip with its name and image, and selecting it triggers an immediate 

visual and audio response, reinforcing learning before the next task (Figure 4.4). 

 

Figure 4.4: Displaying instant feedback for each participant’s response by showing a pop-up 

notification  

Also, the feedback gallery serves as the main delivery console and approach for feedback 

throughout the game (see Figure 4.5). After completing each task, users are directed to the 

feedback gallery, where they can read the rationale behind their choices. This feedback 

mechanism ensures players understand why certain decisions were correct or incorrect, 

reinforcing learning. Importantly, users cannot skip this section; each piece of feedback must 

be read before proceeding. Once all the feedback sections are reviewed, a "Next" button directs 

players to the next scene, task, or level. This structure ensures that the educational content is 

delivered equally to all players, guaranteeing they receive the same guidance and understanding 

before advancing. 
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a  

b  

Figure 4.5: After completing each level, participants are redirected to the Feedback Gallery 

Interface 

The game’s narrative revolves around “Mr. Grumpy Moldwell”, a virtual assistant who guides 

the players through the game experience. Mr. Grumpy Moldwell provides essential tips and 

instructions throughout the game. His guidance is delivered through textual prompts and audio 

(speech) instructions at a moderate speaking pace to ensure clarity and ease of understanding. 

Guidance will appear as pop-ups before each scene and level, with “Next” and “Back” buttons 

allowing players to review the instructions as needed (Figure 4.6).  
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a  

b  

Figure 4.6: Before each level, the main virtual assistant (“Mr. Grumpy Moldwell”) presents 

essential tips  

The game allows for personalized experience by incorporating an avatar selection feature and 

a text box where users can input their preferred names. Both the avatar and the chosen name 

are displayed in the status panel, creating a more engaging experience (Waltemate et al., 2018). 

Selecting a preferred avatar and typing a preferred name are mandatory steps before proceeding 

to the next stage of the game. A status panel was included in the top left corner of each scene, 

displaying the user’s chosen avatar, preferred name, gained scores, progress bar, and the number 

of tasks they need to accomplish (see Figure 4.7).  
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a b 

Figure 4.7: At the beginning of the game, participants select their preferred avatars and enter 

their name (a).  

4.2.2.2 Narrative and Storyline 

Players explore a typical house in New Zealand, focusing on three key rooms: the kitchen, 

bedroom, and bathroom (see Figure 4.8). As new residents, users learn how to prevent mold 

growth through a structured, sequential gameplay experience. The game is divided into four 

levels, each aligned with a specific learning objective. Players must complete one level before 

unlocking the next to progress, ensuring a step-by-step approach rather than random access. 

Each level begins with instructions and tips to guide players, followed by immediate feedback 

on their choices at the end of each scene. 

a  
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b  

c  

Figure 4.8: In Level 1, participants are tasked with identifying the moldiest spots within three 

different environments 

The game takes place in a realistic setting where players move into a newly acquired New 

Zealand house at risk of mold growth. After an introductory briefing on mold prevention and 

the game’s goals, players progress through levels representing different rooms, each with 

specific challenges. They apply knowledge learned in earlier levels to identify mold-prone areas, 

adjust environmental conditions, and implement prevention strategies. The final level reviews 

the entire house, requiring players to apply all learned techniques, followed by a performance 

summary and feedback. The step-by-step structure ensures gradual skill development, while the 

narrative keeps players engaged by linking decisions to visible outcomes. Designed for 

independent play, the game integrates all instructions and guidance within the gameplay. Story 

elements are revealed through dialogue, visual cues, and feedback, with interactive tasks such 

as selecting hotspots, receiving instant and overall feedback, and tracking scores. This structure 

combines practical learning with an immersive, scenario-based experience. 
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Regarding game dynamics and activity types, each level incorporates interactive tasks designed 

to engage users and reinforce learning. In Level 1, players are presented with hotspots, each 

containing either a correct or incorrect mold-prone spot. Users must select based on the given 

scenario, with immediate feedback on whether their choice is correct or incorrect. Upon 

completing the requested tasks, a “Completed” button will appear under the status panel (Figure 

4.9). Users must click on this button to view their overall collected points. They can track their 

accumulated points from this screen and proceed to the Feedback Loop (Figure 4.9). This action 

is the same for all levels.  

a     

b  

Figure 4.9: Upon completing the assigned task, a “Completed” button indicates task 

completion  

For Level 2, a free-form drag-and-drop activity was designed, consisting of eight correct and 

four incorrect items. Players must drag and drop the items into the appropriate boxes on the 

right side of the screen. As each item is placed in the correct or incorrect spot, instant feedback 

is provided by changing the item's color to green for correct placements and red for incorrect 

ones. This activity aims to educate individuals by providing immediate feedback rather than 
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testing their knowledge or penalizing them through point deductions for multiple attempts. 

Additionally, as players place each item, the status panel dynamically updates to reflect the 

remaining task progress, offering another layer of visual feedback. Once all items have been 

correctly placed, a Submit button appears in the center of the screen, allowing players to 

complete the task and review their final feedback. Upon submission, players receive 10 points 

as a reward for correctly arranging all the items (Figure 4.10). 

a  

b  

c  
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Figure 4.10: Drag-and-drop activity in Level 2 (a). Participants must identify and place the 

four correct items related to mold formation from a set of eight 

In Level 3, the activity is called "Pick One." Users must choose from four groups representing 

different temperature and humidity conditions, designed as interactive buttons. Users can select 

only one group and submit their response. If they choose an incorrect group, a dialogue box 

appears, providing instant feedback on why their choice is incorrect and guiding them to retry 

until they select the correct group. Once they identify and submit the correct group, they receive 

10 points, and another dialogue box appears, explaining the feedback and redirecting them to 

the next level (Figure 4.11). 

a  

b  
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c  

Figure 4.11: In Level 3, participants select the appropriate temperature and humidity range 

from four available groups  

In Level 4, the activity focuses on applying various strategies. Initially, the first scene presents 

nine strategies, but only one is active at a time, while the others remain disabled. Players must 

complete each activity sequentially before proceeding to the next one (Figure 4.12). The 

activities are designed to align with the nature of each strategy. For example, in the first strategy, 

opening the window for 15 minutes daily, players are presented with a bathroom scene where 

steam appears on the screen. To complete the task, they must click on the window, triggering 

an animation that shows the steam dissipating. Once completed, they can move on to the next 

strategy. Strategy 4 is venting the dryer outside is an example to elaborate on this task. In this 

activity, players are presented with a laundry room scene where an uninstalled duct is visible. 

They fix the ventilation system by placing the duct piece into the highlighted area. Once 

correctly installed, the system is properly vented, allowing players to progress to the next 

strategy. Another example is Strategy 5: Better heating and insulating the house. In this activity, 

players first receive two instructional dialogues explaining the purpose of the task. Then, they 

are shown a house with pulsating markers on the walls and roof, indicating where insulation 

needs to be placed. Players apply insulation by clicking on these areas to improve the house’s 

warmth. Upon completing the task, a temperature indicator updates to reflect a warmer indoor 

environment, and players are rewarded with 10 points before unlocking the following strategy 

(Figure 4.12). 
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Figure 4.12: Level 4 presents nine essential strategies for preventing mold growth.  

By applying specific mold prevention strategies, users can actively engage in decision-making 

activities, such as dragging and dropping objects (e.g., placing lids on pots or pulling the bed 

away from the wall) or interacting with in-game elements (e.g., turning on the rangehood or 

exhaust fan). As users make decisions, they will see the immediate impact of their actions on 

the reduction of moisture and mold risk, visually represented by changes in the mold risk and 

humidity levels. This interactive approach helps reinforce the effectiveness of different 

strategies in managing indoor environmental conditions to prevent mold growth. 

4.3 Serious Game System Design 

Storyline 360 provides an easy-to-use design interface while offering powerful interactivity 

through built-in triggers and the ability to use JavaScript for custom features. In this game, we 
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used if conditions, triggers, and variables to create interactive elements, and JavaScript code to 

animate the shapes and objects. By combining these tools, the research team built a dynamic 

experience where the game adapts to the player’s decisions, offering immediate feedback and 

unlocking new content as they move through each level. This tool was key to developing the 

sequential, task-based structure and implementing interactivities such as clickable areas, 

feedback systems, and scoring mechanisms. The development followed a waterfall approach, a 

structured, sequential design model that involves distinct phases such as requirements analysis, 

design, implementation, testing, and maintenance. This approach ensured a clear and systematic 

framework for the creation of an educational game focused on mold prevention (Kramer, 2018). 

Figure 4.13 illustrates the game story view. 

  

Figure 4.13: The game story view displays the whole sequence of slides and interactions 

within the Storyline 360 software 

4.3.1 Platform and Accessibility 

The game is accessible on PCs, laptops, tablets, and smartphones, ensuring cross-platform 

compatibility and broad reach. Designed for independent play, it enables users to progress at 

their own pace without supervision. All necessary guidance, instructions, and tips are embedded 

within the gameplay to support users with diverse educational backgrounds and varying levels 

of experience with digital games. The final product is delivered in HTML format, eliminating 

the need for installation. 

4.3.2 Visuals and Graphics 

The game adopts a 2D cartoon-style design to ensure accessibility for a broad range of players, 

including those with limited experience in complex video games. This visual approach is 
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engaging yet straightforward, providing a clear and easy-to-navigate interface. Images, pop-up 

elements, and background scenes were sourced from the open-access Freepik platform 

(www.freepik.com) and subsequently customized using Adobe InDesign and Photoshop to 

align with the game’s aesthetic and educational objectives. 

4.3.3 Audio and Sound 

The game incorporates minimal yet effective audio elements, including background sounds to 

create an immersive environment and sound effects to indicate correct or incorrect responses. 

These cues reinforce learning and enhance the interactive experience. Voiceovers were 

produced using the Eleven Labs AI text-to-speech generator (www.elevenlabs.io) to deliver 

clear, realistic instructions. Mini Movie Maker (Windows version) was used to combine short 

video clips with the generated audio. Audio is primarily featured in the Indoor Air Quality Lab 

(left image in Fig. 6), where the virtual assistant, Mr. Grumpy Moldwell, provides essential 

guidance before players enter the interactive scenes. Subtle background music further enriches 

the atmosphere, with pause and mute options for user control. As players progress, positive 

sounds are played when points are earned, while error cues signal point deductions. Upon 

completing a task, a distinctive accomplishment sound marks the successful completion of the 

level, providing positive reinforcement and encouraging continued engagement. 

4.3.4 Language and Textual Information  

The language in the game is simple, with no slang, to ensure it is accessible to international 

audiences and non-native English speakers. Textual instructions and feedback are designed to 

be direct, offering step-by-step guidance. The text is presented alongside visual cues, making it 

easier for users to understand and retain the information. 

4.3.5 User Interface and Interaction 

The game’s user interface (UI) is designed to be intuitive and personalized. Players select an 

avatar and enter their name, which is displayed throughout the game to maintain engagement 

and create a stronger connection with the content. A status panel in the top-left corner tracks 

points, tasks, avatar, name, and progress, serving as a constant guide and providing an overview 

of achievements and next steps. Gameplay is primarily task-based, with players completing 

objectives to advance through levels. In Level 1, they identify mold-prone areas in kitchens, 

bedrooms, and bathrooms by selecting highlighted spots, earning points for correct choices and 

losing points for incorrect ones. Level 2 presents multiple-choice questions on key elements 

required for mold growth. Levels 3 and 4 involve adjusting sliders and applying prevention 

strategies learned earlier. Each level builds on the previous one, promoting structured 

http://www.freepik.com/
http://www.elevenlabs.io/
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progression and reinforcing learning objectives. Interactive mechanics—such as hotspot 

selection and temperature/humidity adjustments—encourage experimentation and learning 

through trial and error, supported by a feedback system that provides immediate responses to 

player actions. 

4.4 Prototype Verification on Learning Objectives 

After developing a preliminary prototype, a verification step was conducted to ensure the 

prototype meets design specifications. The verification step involved semi-structured 

interviews and home-visit observations. In the interviews, the interviewees were presented with 

the preliminary prototype and gave feedback and comments on the game content. In the home 

visits, mold-prone areas and cases were investigated in residential buildings, offering real-world 

context and verification to the game. 

4.4.1 Interview with Experts 

The invitation process began with an online invitation via email, with meeting schedules 

facilitated through the Doodle platform (www.doodle.com). The interviews were held on 

Microsoft Teams, lasting approximately 40 minutes for each participant. Video recordings and 

transcriptions were obtained using Microsoft Teams. NVivo was utilized for coding and 

thematic analysis, which allowed for an examination of the qualitative data. The research team 

contacted over 60 IAQ experts in New Zealand via email invitations, with twelve responding 

and agreeing to participate in the interview. The participants received a detailed participation 

information sheet outlining the study’s purpose, procedures, and ethical considerations. Before 

organizing the interview sessions, all participants had to sign a consent form, ensuring their 

informed participation agreement. Table 4.2 provides the interviewees’ demographic 

information.  

 

 

 

 

Table 4.2: Interviewees’ demographics 

Category Subcategory Percentage (%) 

Age 25–34 years 9.1 (N=1) 

http://www.doodle.com/
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  35–44 years 36.4 (N=4) 

45–54 years 27.3 (N=4) 

55–64 years 27.3 (N=3) 

Gender 
Female 36.4 (N=5) 

Male 63.6 (N=7) 

Education 

Associate degrees 18.2 (N=1) 

Bachelor’s degrees 18.2 (N=3) 

Master’s degrees 27.3 (N=4) 

Doctoral 36.4 (N=4) 

Profession 

 Advisor   8.33 (N=1) 

Building Scientist 16.67(N=2) 

Senior Lecturer 8.33 (N=1) 

Housing Assessor 8.33 (N=1) 

Sustainability Specialist 16.67 (N=2) 

Research Scientist 16.67 (N=2) 

Architect 8.33 (N=1) 

Senior Technician 8.33 (N=1) 

Experience 

1–5 years 9.1 (N=1) 

6–10 years 18.2 (N=2) 

11–15 years 27.3 (N=2) 

Over 16 years 45.5 (N=7) 

 

Table 2 presents the diverse backgrounds, professions, and educational experiences of the 

interviewees, ensuring that insights were drawn from both industry and academic perspectives. 

Participants included building advisors, building scientists, university lecturers, housing 

assessors, sustainability specialists, researchers, architects, and senior technicians. The 

interview comprised five parts, covering the four learning objectives (LOs) and general game 

content. In Part 1, participants assessed whether the game accurately represented common 

mold-prone areas in kitchens, bedrooms, and bathrooms, and suggested additional rooms (e.g., 

living rooms) or overlooked spots. Part 2 examined the clarity and relevance of the options 

provided for mold formation, inviting suggestions for additional information to enhance user 

understanding. In Part 3, participants evaluated whether the temperature and humidity ranges 

were realistic and proposed effective communication strategies for preventing mold growth in 
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residential buildings. Part 4 sought input on additional strategies to enhance learners’ 

understanding of mold prevention and on the practicality of simulating kitchens, bedrooms, and 

bathrooms for users to apply these strategies. Finally, Part 5 explored the game’s overall 

strengths and key takeaways, while giving participants the opportunity to share further insights 

or recommendations not addressed in earlier questions. 

4.4.2 Home-visit Investigation 

The home-visit investigation consists of visiting six homes to validate the content collected 

from the interviews. A key component of the visit involved capturing photographs of mold -

prone areas in residential buildings to validate the results collected through the interview. 

Participants were recruited through a door-to-door approach in Auckland, New Zealand, 

where homeowners were asked if they had experienced mold in their houses. These homes 

were selected based on their varying ages, construction materials, and ventilation systems 

levels to provide a representative understanding of mold-prone conditions. Only standalone 

houses were considered for this study. Participants were fully informed of the research 

purpose, and their written consent was obtained before data collection. Photographs did not 

include identifiable features. After capturing the pictures, participants were contacted via 

email to confirm the use of the images in the research. After capturing the photographs, the 

findings were compared with the interview results to validate the accuracy and consistency 

of the reported mold issues. 

4.5 Results 

4.5.1 Interview Findings 

This section presents the experts’ feedback on each learning objective (LO). A total of 12 

experts (E1–E12) were consulted, and their responses were analyzed by counting how many 

supported or rejected each item. The questions focused on three main indoor environments: 

kitchen, bedroom, and bathroom. 

To make the analysis consistent, a binary scoring system was used: 

• 1 if an expert recommended the strategy 

• 0 if they did not recommend it 

The scores for each strategy ranged from 0 to 12, showing how many experts agreed. Based on 

the number of approvals, strategies were grouped into three categories: 

1. Highly Recommended – 10 or more approvals 
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2. Moderately Recommended – 4 to 9 approvals 

3. Less Recommended – 3 or fewer approvals 

4.5.1.1 Mold Hotspots Identification (LO 1) 

First, the interviewees were told about the aim of LO 1. Then, three slides were shown to them 

in which the highlighted hotspots were visible, including the correct and incorrect spots (Figure 

4.14). The interviewees were asked to share their opinion regarding the highlighted correct 

hotspots. The interviewees agreed that certain spots in each room were more likely for mold to 

grow. In the kitchen, the windowsill was highlighted as a high-risk area. Similarly, the 

windowsill was identified as the most susceptible spot for mold in the bedroom. In the bathroom, 

the interviewees pointed out multiple regions, including the shower glass, around the shower 

or bathtub, grout and tiles, and behind the toilet, as the most likely locations for mold growth. 

Table 4.3 provides further details of interviewees’ responses and recommendations.  
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Figure 4.14: Sample slides were presented during the interview to gather expert input 

Table 4.3: Common moldy spots in homes, according to the literature 

Rooms Spots E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12 

Kitchen 1- Windowsill × × × × × × × × × × × × 

2- Ceiling 

corner 

 ×  ×       ×  

3- Under the 

sink 

     ×   ×    

4- Near the 

trash can 

    ×      ×  

Bedroom 1- Windowsill × × × × × × × × × × × × 

2- Behind the 

wardrobes  

 × × ×     ×   × 

3- Under the 

bed 

     ×       

4- Under the 

carpet 

   ×         

5- Inside the 

wardrobes   

× × ×  ×   ×  × ×  

Bathroom 1- On the 

shower glass 

× × × × × × × × × × × × 

2- Around the 

shower or 

bathtub 

× × × × × × × × × × × × 

3- On the grout 

and tiles 

× × × × × × × × × × × × 

4- Around the 

wash basin 

        × ×   

5- Ceiling 

corner 

   ×         

6- Behind the 

toilet 

× × × × × × × × × × × × 
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Several participants highlighted specific locations as being particularly vulnerable to mold 

growth, often linked to moisture accumulation and poor air circulation. For example, one expert 

noted, “Windowsill definitely… you could get it on the glass as well,” while another explained, 

“Ceiling corner — most likely to get mold there if there’s insulation missing.” Hidden or less 

obvious areas were also mentioned, such as “behind the dresser, especially if it’s an old 

building,” and “behind the curtains,” where condensation can accumulate. Bathroom areas 

were frequently cited, with one expert describing, “If it’s an old one, like a shower above the 

bath… definitely on grout and tiles, and around the wash basin.” Although some locations were 

considered less likely, such as “inside the oven, definitely not” or “top of the washing machine, 

all pretty unlikely,” the overall expert consensus emphasized that mold-prone areas are often 

those with poor ventilation, high humidity, or persistent dampness.  

The interviewees expressed several opinions regarding mold risk and building design. They 

noted that areas under the sink are less likely to get moldy unless there are leaks or if they are 

located near the trash can. Additionally, they suggested including curtains as a potential factor 

in each room's mold prevention strategy. Seven interviewees recommended separating the 

laundry from the bathroom, proposing the development of a dedicated laundry room. 

Furthermore, they suggested incorporating windows into the bathroom since in the initial 

version of this room, there was no window. In kitchens, three interviewees suggested fruits 

inside the refrigerator or on countertops as potential mold-prone items. Ceiling corners, 

particularly those far from heat-producing appliances like refrigerators, were also often 

mentioned. This is because the heat from refrigerators helps prevent mold from growing near 

them. Curtains, particularly in bedrooms, were another commonly suggested mold-prone area, 

along with ceiling corners across all three rooms. Some interviewees noted that furniture near 

exterior walls, such as bed headboards, is susceptible to mold growth.  

4.5.1.2 Key Factors of Mold Growth (LO 2) 

For this learning objective, the discussion focused on the reasons for mold formation in homes 

within the New Zealand context and the current situation. Participants were presented with a 

list of key elements contributing to mold growth and asked whether any items should be added 

or removed. All participants agreed that humidity, temperature, nutrients, and spores are 

essential factors in mold formation. However, several experts raised concerns that the 

terminology might be too technical for a general audience. Most recommended replacing 

“humidity” with “moisture” and “temperature” with “cold surface” to improve clarity and 
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accessibility. One participant also noted that including CO₂ and air pressure as “incorrect” 

options might confuse non-specialist users, as these concepts are less familiar to the public. 

4.5.1.3 Environmental Conditions for Mold (LO 3) 

For this learning objective, the discussion began with an overview of the temperature and 

humidity levels outlined in national standards and regulations for healthy indoor environments. 

Experts agreed that the optimal indoor temperature range should be between 18 °C and 22 °C, 

aligning with widely accepted comfort and health guidelines. Initially, the project team 

proposed an optimal relative humidity range of 35–55%. However, through the interviews, 

participants recommended revising this to 40–60%, explaining that keeping humidity 

consistently below 60% is often challenging, particularly in Auckland’s humid climate. This 

adjustment reflects both practical experience in local housing conditions and the need to present 

learners with realistic, achievable targets for mold prevention. 

4.5.1.4 Mold Prevention Strategies (LO 4) 

The analysis revealed that four strategies (S2, S4, S6, and S15) were unanimously endorsed by 

all 12 experts, making them the most critical for mold prevention. These strategies include 

opening windows daily (S2), hanging washing outside to dry (S4), and using fans and 

rangehoods (S6). These strategies should be prioritized in awareness campaigns and 

intervention programs, given their universal acceptance. A second tier of strategies, including 

opening curtains during the day (S14), using a ventilation system (S8), leaving wardrobes 

slightly open (S13), venting dryers outside (S10), and pulling furniture away from walls (S12), 

received moderate agreement from 4 to 6 experts. These strategies may be beneficial in specific 

contexts, such as homes with limited natural ventilation or insulation issues. Finally, strategies 

with low endorsement (≤3 experts), such as wiping condensation off windows (S1), limiting 

moisture sources (S7), and using dehumidifiers (S9), were less frequently recommended. These 

strategies may hold value but could be considered secondary measures or dependent on specific 

household conditions (Table 4.4). 

Table 4.4: The strategies for mold prevention in homes 

Strategies (Ss) E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12 

S1: Wipe condensation 

off windows and walls 
 ×  ×        × 

S2: Open windows for 15 

minutes every day 
× × × × × × × × × × × × 
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S3: Avoid using portable 

gas heaters/ unflued gas 

heaters 

  ×    ×      

S4: Hang washing outside 

to dry 
× × × × × × × × × × × × 

S5: Use lids on pots when 

cooking 
× ×  ×      ×   

S6: Use a rangehood in 

the kitchen 
× × × × × × × × × × × × 

S7: Limit sources of 

moisture, such as fish 

tanks and indoor plants 

         ×   

S8: Use the ventilation 

system 
×  ×    ×  ×   × 

S9: Use dehumidifiers × × ×     ×     

S10: Vent dryers outside  × × × × × ×     × 

S11: Better heating and 

insulation of the house 
× × × × ×  × ×  × × × 

S12: Pull beds and 

furniture away from the 

walls 

× ×  × × × × ×  × ×  

S13: Leave wardrobes a 

bit open 
×   × × ×     × × 

S14: Open the curtains 

during the day 
× × ×  ×  ×  × × × × 

S15: Use fans in the 

shower 
× × × × × × × × × × × × 

 

As part of the final interview stage, the participants were also asked whether spaces beyond the 

kitchen, bedroom, and bathroom should be included in the game, such as lounges or garages. 

Most agreed that the current focus on these three spaces was appropriate, as areas like living 

rooms or garages are often too generic. Lastly, participants were asked whether developing only 

bedrooms and bathrooms to apply the strategies would benefit users. Universally, participants 
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endorsed this approach, emphasizing the critical importance of bathrooms as one of the most 

mold-vulnerable home spaces. 

4.5.2 Home Visit Findings 

This section presents an overview of the key specifications of the investigated homes, focusing 

on mold presence in different areas and its correlation with construction type, house age, and 

location. As part of this research, six standalone homes across New Zealand were investigated 

to assess mold growth in different areas of residential buildings, each exhibiting varying degrees 

of mold contamination. Notably, mold was observed in kitchens, bathrooms, and bedrooms, 

with severity depending on structural characteristics and ventilation conditions. Table 4.5 

provides further specifications of the homes investigated.    

Table 4.5: Summarizing the key specifications of the investigated homes 

Home 

ID 
Location 

Housing 

Type 

House 

Age 

(Years) 

Construction 

Type 

Mold 

Presence 
Spot(s) Pictures 

H1 
Takapuna, 

Auckland 

Standalone 

house 
25 

Timber-

Framed 
Kitchen 

Windowsill 

and frames 

 

H2 

Mount 

Eden, 

Auckland 

Standalone 

house 
20 Brick Kitchen 

Windowsill 

and frames 
 

H3 
Northcote, 

Auckland 
Townhouse 15 

Timber-

Framed 
Bathroom 

Around the 

wash basin 
 

H4 
Albany, 

Auckland 

Standalone 

house 
20 

Concrete 

Block 
Bathroom 

All over the 

ceiling and 

the inner side 

of the walls 

 

 

H5 
Albany, 

Auckland 

Standalone 

house 
30 

Timber-

Framed 

Bedroom 

and 

Bathroom 

Behind the 

dresser/closet 

and all over 

the ceiling 

 

 

H6 
Albany, 

Auckland 
Townhouse 22 

Timber-

Framed 

Bedroom 

and 

Bathroom 

Window 

frames, the 

inner side of 

the walls, all 

over the 

ceiling, on 

grout and 

tiles, and the 
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inner side of 

the walls 

 

 

The findings indicate that bathrooms are the most vulnerable areas for mold growth due to their 

constant exposure to moisture, steam, and often limited ventilation. On the other hand, kitchens 

generally exhibit lower mold presence. In bedrooms, mold is frequently observed in areas with 

poor insulation or heating, particularly on window surfaces and cold exterior walls where 

condensation accumulates. Some homes (e.g., H4, H5, H6) showed extensive mold growth 

across large surfaces, particularly in bathrooms, where moisture levels remain consistently high. 

In H4, mold covered the entire walls and ceiling, indicating severe humidity issues. 

4.5.3 Finalized Version of the Learning Objectives 

The verification results provided valuable insights that directly shaped the serious game's 

design, features, and learning objectives. The finalized version of LOs incorporates several 

changes based on the verification results. Further details are provided in Table 4.6 and Table 

4.7. The bathroom scene was also modified to show the overall ceiling, incorporating a window, 

based on experts' opinions (Figure 4.15).  

Table 4.6: The final selected moldy spots compared with the literature 

Rooms Literature Verification results (finalized) 

Kitchen 

1- Windowsill 

2- Ceiling corner 

3- Under the sink 

4- Near the trash can 

1- Windowsill and frames 

2- On the curtains 

3- In the cabinets 

4- Around the trash can 

Bedroom 

1- Windowsill 

2- Behind the wardrobes  

3- Under the bed 

4- Under the carpet 

5- Inside the wardrobes   

1- Windowsill and frames 

2- On the curtains 

3- Inside the wardrobes 

4- Behind the wardrobes 

5- Behind the dresser 

Bathroom 

1- On the shower glass 

2- Around the shower or bathtub 

3- On the grout and tiles 

4- Around the wash basin 

5- Ceiling corner 

1- Windowsill and frames 

2- On the curtains 

3- Ceiling corner 

4- All over the ceiling 

5- On the shower glass 



 

94 

 

6- Behind the toilet 6- Around the shower or bathtub  

7- on the grout and tiles 

 

 

Figure 4.15: Comparison between the initial version of the scene and the updated version 

The findings reflect experts' suggestions with adjustments to recommended temperature and 

humidity ranges. Specifically, the temperature was changed to 20–24°C, rather than the earlier 

suggested 18–22°C, to maintain a warmer indoor environment and prevent condensation. 

Similarly, the humidity range was adjusted to 40–60%, rather than 35–55%, based on expert 

recommendations. Also, the game emphasizes practical strategies to prevent mold growth, 

including opening windows for at least 15 minutes every day, hanging laundry outside to dry, 

using a rangehood in the kitchen, venting dryers outside, improving heating and insulation, 

pulling beds and furniture away from walls, leaving wardrobes slightly open, opening curtains 

during the day, and using fans in the shower. These strategies were selected based on expert 

recommendations (Table 4.7). 

 

Table 4.7: The final strategies according to the experts’ feedback 

Literature (initial version) Experts’ opinion (refined version) 
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• Wipe condensation off windows and 
walls. 

• Open windows for 15 minutes every 
day. 

• Avoid using portable gas heaters/ 
unflued gas heaters. 

• Hang washing outside to dry. 

• Use lids on pots when cooking. 

• Use a rangehood in the kitchen. 

• Limit sources of moisture, such as 
fish tanks and indoor plants. 

• Use a ventilation system. 

• Use dehumidifiers. 

• Vent dryers outside. 

• Better heating and insulation of the 
house. 

• Pull beds and furniture away from 
walls. 

• Leave wardrobes a bit open. 

• Open the curtains during the day. 

• Use fans in the shower. 

• Open windows for 15 minutes every 
day. 

• Hang washing outside to dry. 

• Use a rangehood in the kitchen. 

• Vent dryers outside. 

• Better heating and insulation of the 
house. 

• Pull beds and furniture away from 
walls. 

• Leave wardrobes a bit open. 

• Open the curtains during the day. 

• Use fans in the shower. 

 

Consequently, the validation process confirmed that the game content accurately reflects real-

world experiences. Expert feedback highlighted actionable strategies, such as briefly opening 

windows each day or venting dryers to the outside, which have been incorporated into the game. 

This ensures the content is theoretical and firmly rooted in everyday practicality.  

4.6 Discussion 

The main objectives of this study are, first, to develop a prototype of a serious game aimed at 

educating individuals on preventing mold growth in residential buildings, and second, to verify 

the educational content of the game. To achieve this, a detailed step-by-step development 

process was outlined. Educational content was gathered through multiple stages, including 

reviewing reliable websites and national building codes in New Zealand, conducting semi-

structured interviews with experts, and performing home-visit investigations to provide solid 

evidence of mold-prone areas. The findings of this study highlight the need to prioritize mold 

prevention strategies for specific areas in residential buildings based on their unique 

environmental conditions. Bathrooms emerged as the most critical spaces due to their high 

humidity, frequent water exposure, and often limited ventilation. Bedrooms, however, pose 

distinct challenges, with condensation on windows, cold walls, and poor ventilation 

contributing to mold growth, particularly in homes with inadequate insulation or heating.  



 

96 

 

While previous studies (J. Fernandes et al., 2023; Kim et al., 2021; Kim & Sohanchyk, 2022; S. Kim et al., 

2022; Shabanabegum et al., 2021) have focused on general air pollution education, this research 

uniquely integrates hands-on strategies for mold prevention, bridging a critical gap in the 

existing literature. A comparison between the game mechanics selected in this study and those 

identified in previous research focused on IAQ reveals both similarities and key differences. 

For example, Pokric et al. (2015) used mechanics such as points, leaderboards, and avatars to 

educate professional employees about air pollution and its effects on human health. Other 

mechanics included narrative, level progression (LevelUp), quest lists, step-by-step tutorials, 

instant feedback, progress bars, avatar customization, progress loss, and a visual storyline. 

Positive feedback highlighted the simplicity of the augmented reality development, usability, 

and available features, while the game was also deemed entertaining. However, feedback 

indicated the need for additional tutorials to enhance user engagement.  

Also, J. Fernandes et al. (2023) utilized similar mechanics, such as narratives, quest lists, step-

by-step tutorials, points, instant feedback, and group quests, to improve IAQ knowledge among 

elementary school children. Their results showed a 50% improvement in knowledge. 

Satisfaction, usability, and user preferences were also assessed through questionnaires, although 

technical issues related to AR implementation, particularly with marker tracking, were reported. 

Relvas (2021) employed mechanics such as narratives, quest lists, step-by-step tutorials, and 

visual storytelling to raise awareness about air pollution and help elementary students 

understand its possible causes. This comparison suggests that building on the mechanics used 

in previous studies could lead to positive outcomes. The post-assessment results indicated a 

significant improvement in the children's perception of air pollution, highlighting the 

effectiveness of these game mechanics in enhancing learning and awareness. 

Several studies have focused on the usability and engagement of gamification applications. For 

instance, Alarcon et al. (2025) evaluated a serious game designed for teacher training in 

environmental sustainability. The study used the System Usability Scale to assess the platform’s 

user-friendliness. Results showed a moderate SUS usability score, indicating acceptable levels 

of ease of use. Importantly, participants reported that gamification elements, such as feedback 

and reward mechanisms, significantly enhanced their motivation and engagement and 

supported competency development in scientific inquiry. Nadeem et al. (2023) evaluated a 

game-based quiz embedded in undergraduate courses using leaderboard mechanics. They found 

that digital game-based learning significantly boosted student engagement and motivation 

compared to traditional online quizzes. This demonstrates that thoughtfully designed digital 
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quizzes can meaningfully enhance usability and engagement in higher-education learning 

environments. 

Kayyali et al. (2021) investigated a digital serious game integrated into healthcare education, 

focused on playability and user perceptions. Participants praised the game’s clear learning 

objectives, intuitive interface, and story-driven progression, all of which contributed to 

sustained engagement during practical use. These findings highlight that, beyond core usability, 

narrative structure and straightforward task design are essential for maintaining user focus and 

instructional efficacy.  Similarly, Espinosa-Curiel et al. (2020) developed a nutrition-focused 

video game for children aged 8–10 years. Their findings revealed a strong link between usability 

factors (challenge, narrative, visual aesthetics) and learning outcomes. They also found that 

enjoyment and user-experience satisfaction positively correlated with posttest knowledge. 

Regression analysis confirmed these usability dimensions as significant predictors of 

knowledge gain. 

Contrary to concerns about over-gamification, recent literature suggests that multiple, well-

integrated mechanics can coexist without undermining usability. Magylaitė et al. (2022) 

synthesized findings from over 100 gamified systems and identified that combining mechanics 

like progress indicators, feedback, and rewards, when designed with learnability in mind, 

maintains usability and enhances engagement. Likewise, Ghai and Tandon (2023) used 

structural equation modelling to show that the interplay of game elements, dynamics, and 

instructional design measurably improves usability in e‑learning systems. Lassaad and Yamani 

(2024) demonstrated a 25% increase in engagement and 30% improvement in 

motivation/performance from using points, badges, leaderboards, and challenges, with no 

usability detriment. 

4.7 Conclusion 

This study explored the development and evaluation of a serious game aimed at enhancing 

public knowledge on mold prevention in residential settings. The game was designed using a 

structured framework aligned with Bloom’s Taxonomy and evidence-based mold prevention 

strategies. Through a single-arm experimental design, results indicated that the serious game 

significantly improved participants’ knowledge across various mold-related domains. The 

integration of gamified elements such as immediate feedback, reward systems, and interactive 

challenges contributed to learner engagement and knowledge acquisition. Overall, the findings 

support the potential of serious games as effective tools for environmental health education and 

behavioral change in the built environment. This study has some limitations. First, the 
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verification step overlooked gameplay and game mechanisms, since only IAQ experts were 

involved in interviews to examine educational content. Second, this study does not include a 

verification step to assess the effectiveness and user experience of the game.  

This game can be scaled by deploying it as a lightweight HTML5 package with SCORM/xAPI 

integration, allowing delivery through learning management systems or public web hosting for 

access across devices. Its modular design, with externalized text and audio, enables rapid 

localization, cultural adaptation, and the addition of new modules or learning scenarios. 

Distribution through public health, education, and professional training channels, supported by 

integrated analytics, allows expansion from small pilots to large-scale national or international 

use. Language translation and localization enable the game to reach a broader audience and 

adapt to diverse cultural contexts, with broader implications for public health education in the 

built environment sector by raising awareness of healthy housing practices, influencing 

behavior change, and supporting evidence-based interventions at scale. Future studies could 

incorporate pretest-posttest controlled experiments to investigate its effects on knowledge 

acquisition and compare it with other conventional education methods.  

Further studies could also investigate the long-term impact of behavioral change and 

implementation of mold prevention practices in real life. Other educational technologies, 

including the Internet of Things and Augmented Reality/Virtual Reality, or integration of these 

tools, could be explored to provide real-time, interactive information within a physical space, 

offering a customized learning experience for health-related applications in the built 

environment. Future research should investigate the effectiveness of the game across multiple 

dimensions, including knowledge acquisition, motivation, system usability, self-efficacy, task 

load, behavioral change, and long-term knowledge retention. 
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Chapter 5 

Serious Game Evaluation 
 

 

 

This chapter is based on the following Journal article, which is under review: 
 
Baghaei Daemei, A., Feng, Z., Paes, D., (2025). A Serious Game for Mold Prevention 

Education: A Comparative Study with Video-based Learning, Journal of Computer Assisted 
Learning, Under review (R2). 

 

 

Following the development and verification of the serious game described in Chapter 4, this 

chapter (Chapter 5) evaluates the effectiveness of the game-based learning compared with 

video-based learning approach. Whereas the previous chapter focused on design and content 

validation, the present chapter examines knowledge, knowledge retention, task load, user 

experience, motivation, self-efficacy, and behavior change through controlled experimental 

testing.  

 

 

Chapter 5: Serious Game Evaluation 

5.1 Introduction 

IAQ is a critical determinant of human health and well-being, particularly within residential 

environments. Among the various contributors to poor IAQ, mold contamination is one of the 
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most pervasive and harmful, thriving in damp and inadequately ventilated spaces (Heseltine & 

Rosen, 2009). Exposure to mold has been linked to a wide range of adverse health effects, 

including respiratory problems, allergic reactions, and the exacerbation of asthma symptoms, 

especially among vulnerable populations such as children, the elderly, and individuals with pre-

existing conditions (Hao et al., 2024; WHO, 2019). These concerns are not confined to any one 

region, they represent a growing global public health issue. Around the world, ageing housing 

stock, poor ventilation, and inadequate moisture control contribute to widespread mold 

contamination in residential buildings. 

In many countries, particularly across Europe and North America, outdated construction 

practices and energy-inefficient homes have led to persistent dampness and poor air circulation. 

For example, a pan-European study reported that approximately 12% of households experience 

mold-related issues, with vulnerable populations such as low-income families and children 

disproportionately affected (WHO, 2023). In the United States, the Centers for Disease Control 

and Prevention have acknowledged indoor mold as a significant health concern, especially in 

flood-prone regions where sustained moisture creates ideal conditions for fungal growth. 

Similar challenges are also reported in parts of Asia, South America, and Oceania, where 

climatic factors, overcrowding, and limited public awareness further exacerbate the risks. 

Collectively, these patterns reflect the urgent need for scalable, effective educational 

interventions to address indoor mold exposure worldwide. 

Recent research highlights that pollution levels indoors can exceed those found outdoors, even 

in densely populated urban areas (IQAir, 2018; MANA, n.d.; Sanalife, 2022). Kankaria et al. 

(2014) reported that the impact of indoor air pollution can be up to ten times more severe than 

that of outdoor pollution. Given that individuals spend approximately 90% of their time indoors, 

the potential health risks associated with indoor pollutants are significantly magnified (Tran et 

al., 2020). According to the WHO (2023), “Each year, 3.2 million people die prematurely from 

illnesses attributable to household air pollution. Particulate matter and other pollutants in 

household air inflame the airways and lungs, impair immune response, and reduce the oxygen-

carrying capacity of the blood.” 

These global concerns are acutely relevant to New Zealand, where mold-related problems are 

particularly prevalent (Environmental Health Intelligence, 2025). According to a 2015 BRANZ 

survey highlighted in Consumer (2023), more than half of rental homes in New Zealand had 

visible mold, often caused by persistent moisture issues that are difficult for tenants to control. 

Keall et al. (2012) also found that such conditions were associated with increased rates of 
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wheezing and asthma. Cold and damp housing environments contribute to higher seasonal 

mortality rates and increased incidences of cardiovascular and respiratory illnesses. In 2018, 

approximately 28,000 New Zealand homes were reported to be persistently damp and to have 

visible mold larger than A4 size (StatsNZ, 2020). Thus, addressing mold-related issues in New 

Zealand housing is both urgent and necessary. A substantial body of research has established 

the link between poor IAQ and adverse health outcomes in mold-affected dwellings (Graham, 

2023; Lewis et al., 2023; Morawska et al., 2024; Nature Editorial, 2023; Stokstad, 2004). 

Addressing these challenges requires not only technical solutions but also effective educational 

strategies to raise awareness and promote sustainable behavioral change (Freeman et al., 2014). 

While traditional methods (e.g., brochures and instructional videos have been widely used to 

convey health messages, they often lack the interactivity and engagement needed to maintain 

attention, foster motivation, and support long-term knowledge retention (Mayer, 2017).  

Educating individuals about such issues is paramount due to their significant and far-reaching 

implications on public health and the environment (Marcotte, 2017). If people become more 

aware of the importance of air pollution, it is more likely to prompt positive changes in both 

individual behavior and public policies (Kelly & Fussell, 2015). This increased awareness has 

the potential to drive actions to mitigate pollution, resulting in a cleaner environment and a 

healthier population (Arcury, 1990; Wang et al., 2016). Many people are unaware of the 

invisible threats in the air we breathe, and raising awareness is crucial for informed decision -

making and behavior (Barbosa et al., 2017). 

Serious games provide an alternative approach by transforming passive learning into an active 

and immersive experience (Checa & Bustillo, 2020). These games simulate real-world 

scenarios, enabling learners to apply knowledge in meaningful and contextually relevant ways. 

An innovative and alternative approach gaining momentum is the incorporation of gamification 

into air quality education. Gamification transforms learning about air quality into an engaging 

and interactive experience by applying game elements and offering various features such as 

real-time data collection (Polychronidou et al., 2019). Through gamified applications and 

platforms, individuals can participate in challenges, quizzes, and simulations that simulate real-

world scenarios related to air quality (Stamatiadou et al., 2023).  

The use of gamification has been explored in many fields. For example, it has been successfully 

applied to training in areas such as earthquake preparedness (Çoban & Göktaş, 2023; Feng et 

al., 2021; Mirsoleymani et al., 2022), safety procedures (Kazar & Comu, 2021; Lovreglio et al., 
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2021), construction site awareness (Lu et al.; Tagliabue et al., 2020), hazard detection 

(Cavalcanti et al., 2021; Mohd et al., 2019; Ren et al., 2022), and risk management (Taillandier 

& Adam, 2018), as well as broader topics in the built environment (Ilbeigi et al., 2024; Lai et 

al., 2020; Villagrasa et al., 2014).  

Prior comparative research demonstrates that serious games typically produce small-to-

moderate gains in learning (g ≈ 0.29–0.36) and motivation (g ≈ 0.34–0.48) relative to 

conventional instruction (Sailer & Homner, 2020; Wouters, Nimwegen, et al., 2013). In health 

and medical education, serious games and gamified approaches are often at least as effective as 

standard teaching, and in many cases more effective, although findings are not uniform across 

all outcomes and designs (Gentry et al., 2019). However, these studies have predominantly 

focused on disciplines such as medicine, nursing, and STEM education and have not directly 

addressed IAQ or residential mold education. Furthermore, much of the existing comparative 

research emphasizes immediate post-learning outcomes rather than long-term knowledge 

retention or real-world behavioral transfer, which are critical for sustained environmental health 

practices (Maheu-Cadotte et al., 2018).   

A recent systematic literature review conducted by Abdollah  Baghaei Daemei et al. (2025) 

examining gamification in air quality education identified serious game applications in domains 

such as general air pollution awareness, environmental sustainability, and health education, but 

found minimal attention to residential mold prevention as a specific instructional target. This 

confirms that mold-prevention education remains an underexplored area within serious game–

based environmental health interventions. This highlights a significant domain-specific gap: 

while air-quality gamification has been used to raise awareness (Campana & Dominguez, 2021; 

João Fernandes et al., 2023) and support asthma management (Sunyoung Kim et al., 2022; 

Thomson et al., 2017), no existing work supports actionable mold-prevention knowledge or 

real-world behavioral transfer in residential contexts. 

As such, this study aims to address this gap by developing and evaluating the effectiveness of 

a serious game compared to video-based learning aimed at educating the general public on mold 

prevention techniques in residential settings. The evaluation focuses on key learning 

performance metrics, including knowledge acquisition and retention, cognitive task load, 

system usability, intrinsic motivation, and self-efficacy. This research contributes to the 

growing body of knowledge on educational strategies in the built environment. In doing so, this 

study expands the limited research on serious games for mold prevention and informs practical, 
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scalable educational strategies for addressing poor indoor air quality in residential environments. 

Ultimately, it contributes to a healthier and more resilient built environment. 

Many serious games are built on established instructional and motivational design frameworks, 

including LM–GM mapping (Arnab et al., 2015), the RETAIN model (Gunter et al., 2008), and 

the MDA framework (Hunicke et al., 2004). Meta-analyses also show that game-based learning 

outcomes are frequently linked to constructs from Self-Determination Theory, the ARCS model, 

and related theories (Krath et al., 2021; Richard N. Landers, 2014; Sailer & Homner, 2020). At 

the same time, the degree of theoretical alignment across the broader field remains uneven, with 

many applications offering limited explanation of how specific mechanics connect to learning 

objectives or behavioral processes. Education in the built environment, including IAQ and mold 

prevention, presents an even larger gap: very few studies integrate structured design models 

with the behavioral and perceptual demands of identifying mold risks and adopting effective 

moisture-management habits. This gap establishes the need for a theory-informed approach 

tailored to mold-prevention education. 

This study theorizes that mold-prevention education poses unique instructional demands that 

differ from other health and safety domains. Mold risk is shaped by micro-level household 

actions that directly modify the indoor environment, such as ventilation practices, moisture-

generating activities, surface exposure, and material choices. These actions alter airflow, surface 

temperature, and humidity conditions, which require situated spatial reasoning rather than 

declarative recall. The game was therefore intentionally designed with interactive spatial 

environments that allow learners to test environmental modifications and observe their effects 

through immediate feedback. This alignment between instructional modality and domain-

specific learning requirements represents a theoretical rationale underlying the study design. 

5.2 Materials and Methods 

This study investigates the effectiveness of a serious game in enhancing knowledge related to 

mold prevention in residential buildings compared with video-based learning. The overall 

research workflow is illustrated in Figure 5.1. This study followed a structured multi-stage 

development and evaluation process. First, we defined the conceptual requirements of the 

intervention (Step 1) and collected relevant educational content on mold prevention in homes 

(Step 2). The materials were refined through interviews and in-home assessments to ensure 

practical relevance (Step 3), followed by prototyping of both the game and the video-based 

learning module (Step 4). Next, we developed the experimental design and questionnaires (Step 

5), recruited participants (Step 6), and conducted the experiment and data collection (Step 7). 
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Finally, collected data were analyzed to assess the intervention’s impact (Step 8). Each 

development step underwent iterative internal review and debugging, informing refinement 

across stages. 

 

Figure 5.1: Research process workflow 

5.2.1 Game Development 

This study presents a serious game prototype designed to educate individuals on mold growth 

prevention in residential buildings. The game aims to engage users in identifying mold-prone 

areas, understanding the conditions conducive to mold formation, and applying practical 

strategies to prevent mold growth. The game was developed using Storyline 360 

(www.articulate.com/360/storyline), which provides an easy-to-use design interface and 

supports the creation of interactive elements such as triggers, clickable areas, and dynamic 

feedback. It is designed to be accessible on various platforms, including PCs, laptops, tablets, 

and smartphones, ensuring that users from diverse backgrounds can engage with the content 

independently. The target audience for this serious game comprised the general public across 

New Zealand, including homeowners, renters, and individuals living in diverse housing  

conditions. This is supported by several studies reporting that more than half of New Zealand 

rental houses had visible mold (BRANZ, 2015; Consumer, 2023). The game was developed 

using New Zealand housing and climate conditions as an initial case-study context. The 

educational content can be substituted or expanded to suit other regions and housing typologies. 

This structure allows the intervention to be adapted for international use with minimal 

reconfiguration of the underlying system. 

5.2.1.1 Learning Outcomes 

The game has four learning objectives (LOs) designed based on Bloom’s Taxonomy (Krathwohl, 

2002), focusing on three cognitive levels: remember, understand, and apply. This framework 

http://www.articulate.com/360/storyline
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ensures a structured progression of learning, guiding players from basic knowledge acquisition 

to practical application in real-life scenarios. The LOs are presented as follows: 

• Remember (LO1 & LO2): This module involves recalling facts and recognizing key 

information. LO1 requires players to identify specific spots in the kitchen, bedroom, 

and bathroom where mold is likely to grow, reinforcing memory-based recognition of 

mold-prone areas. Similarly, LO2 focuses on recalling the essential elements of mold 

formation helping players establish foundational knowledge of mold growth conditions.  

• Understand (LO3): This module emphasizes comprehension and the ability to explain 

concepts. LO3 requires players to understand how specific environmental conditions, 

such as temperature and humidity, contribute to mold growth. This goes beyond 

memorization by enabling players to connect different factors and predict when and 

where mold is likely to develop. 

• Apply (LO4): This module involves using acquired knowledge in real-world contexts. 

LO4 focuses on applying strategies to prevent mold growth in residential buildings. This 

requires players to take what they have learned about mold-prone areas, essential growth 

factors, and environmental conditions, and translate that knowledge into actionable 

steps for maintaining a healthier indoor environment. 

The learning outcomes and educational content were developed based on official public sources, 

including relevant governmental regulations, standards, building codes, and international 

publications  (Abdollah Baghaei Daemei, Zhenan Feng, et al., 2025). This provided evidence-

based knowledge rather than general assumptions. The game had four modules to accommodate 

the four learning outcomes (Figure 5.2). Players completed the entire learning process by 

playing the game from Module 1 to Module 4. 

 

Figure 5.2: The learning outcomes and game modules 

5.2.1.2 Game Mechanics 

The Octalysis Gamification Design Theory principles (Chou, 2015) were applied in the 

development of the game to enhance engagement and motivation. This theory proposes game 

LO 1 
(Mold Hotspots 
Identification) 

Module 1 

(Remember) 

LO 2 
(Key Factors of Mold 

Growth) 

Module 2 

(Remember) 

Module 3 

(Understand) 

LO 4 
(Mold Prevention 

Strategies) 

Module 4 

(Apply) 

LO 3 
(Environmental 

Conditions for Mold) 
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mechanics aligned with intrinsic and extrinsic motivators, which can engage and motivate 

players while delivering educational content. Chou (2015, p. 31) provides eight core drives 

(CDs) and associated game mechanics to engage and motivate players in different ways. Table 

5.1 presents the selected game mechanics for the serious game. 

Table 5.1: The selected game mechanics incorporated into the game 

Core Drives 

(CDs) 
Mechanics 

In-Game 

Application 
Explanation/Usage 

CD 1: Meaning 

Narrative 

Story-driven 

progression through 

house rooms 

Narrative refers to the storyline and 

context that immerse players in the 

learning experience. It integrates 

characters, scenarios, and 

challenges that provide a real-world 

framework for players to explore 

through a compelling story. 

Higher 

Meaning 

Learners believe 

their actions affect 

real health 

It provides players with a sense of 

purpose beyond the game itself. 

Players are motivated not just by 

the game's rewards, but by the 

belief that their actions contribute 

to a greater cause or have real-

world significance. 

CD 2: 

Accomplishment 

Points  
Player gains points 

for correct answers 

Points are extrinsic rewards that 

recognize players’ actions and 

achievements. 

Progress 

Bar 

Shows completion 

of each module 

The progress bar visually 

represents how far the player has 

come in completing a task or 

mission. 

Quest Lists 
Tasks guide 

exploration 

Quest lists outline tasks or 

challenges that guide the player's 

journey. 
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Step-by-

Step 

Tutorial 

Explanation before 

each module 

The tutorial breaks down tasks and 

teaches the player how to succeed 

in the game. 

LevelUp 

Symphony 

Unlocking next 

module 

Whenever you level up, you 

acquire a new set of skills.  

CD 3: 

Empowerment 

Milestone 

Unlock  

After completing a 

task (e.g., 

identifying all 

condensation 

hotspots), the next 

module or tool 

becomes available 

It represents a key achievement or 

significant event in the game that 

rewards the player with new 

content and levels. It marks the 

completion of a specific set of 

tasks. 

Instant 

Feedback 

Immediate 

reinforcement 

The immediate responses players 

receive based on their actions or 

decisions in the game. 

CD 4: 

Ownership 
Avatar 

Personalized the 

gameplay 

A customizable digital 

representation of the player within 

the game. 

CD 5: Social 

Influence 
Mentorship 

Virtual assistant 

guidance 

It refers to a guidance system where 

an experienced character (a virtual 

character) provides the player with 

advice, support, and knowledge. 

CD 7: 

Unpredictability 

Visual 

Storytelling  

When a player 

completes a 

module, a brief 

animation and 

confirmation cue 

appear 

This mechanic uses images, 

animations, and design elements to 

convey the game's narrative and 

themes. Rather than relying on text 

or dialogue, it communicates key 

messages, emotions, and ideas 

through art style, character design, 

environments, and visual cues. 

CD 8: Avoidance 
Progress 

Loss 

Penalty for wrong 

responses 

It refers to the mechanic where 

players lose some in-game points 

after failing the task or challenge. 
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5.2.1.3 Game Storyline 

The detailed design and narrative development of the serious game have been presented 

comprehensively in Chapter 4 of this thesis. Readers seeking a full description of the game 

architecture, narrative structure, and design rationale are referred to Chapter 4, where the 

development process and pedagogical alignment of the storyline are discussed in detail. 

5.2.2 Experimental Design 

This study adopted a between-subjects experimental design, where each participant was 

exposed to only one of the two learning methods (game or video). Figure 5.3 illustrates the 

experimental design framework, including the research instruments and variables. This 

approach was chosen to prevent learning effects that could occur in a within-subjects design, 

where participants would experience both conditions. In such cases, performance in the second 

condition could be influenced by prior exposure to the first, thereby biasing the results (Paes et 

al., 2024). 

 

Figure 5.3: The experimental design framework 

Participants were randomly assigned to one of the two groups, with one using the serious game 

as the experimental group and the other as the control group using video learning. Both methods 

comprised identical learning outcomes and educational content. The same images used in the 

serious game were incorporated into the video to maintain visual consistency (Figure 5.4). The 

video was structured with four main sections: (1) common mold growth spots, (2) key elements 

required for mold development, (3) optimal temperature and humidity ranges to prevent mold 



 

110 

 

growth, and (4) effective strategies for mold prevention. The narration in the video used the 

same voice as the one featured in the game, maintaining uniformity in tone and delivery. 

Participants were permitted to pause the video at any time; however, they were not allowed to 

take notes, and the rewind function was restricted to only one slide back. 

 

Figure 5.4: Screenshots of the video 

Video-based learning was selected as the comparison condition because it represents one of the 

most commonly used digital formats for public-health communication (Chatterjee et al., 2021). 

Unlike brochures or flyers, videos can deliver structured explanations, visuals, and 

demonstrations that closely match the content density and pacing of the game (Galmarini et al., 

2024; Morgado et al., 2024). This makes video a more appropriate benchmark for isolating the 

role of interactivity, since both modalities present the same information but differ in the level 

of learner engagement. 

Each group went through a pretest, intervention, posttest, and retention test. The retention test 

occurred four weeks after the posttest, aligning with previous similar studies (Domgue K et al., 

2025; Paes et al., 2024). Participants were provided with a laptop in the lab to complete the 

pretest, learning, and posttest. Each session took around 30 minutes for the game group and 20 

minutes for the video group. Participants completed the online retention test four weeks later 

using their own device. 

The video used in the comparison condition presented the same educational content as the game, 

refined into a continuous 5-minute narrated explanation of mold-prevention concepts without 

interactive elements. Participants completed the pre-test and post-test questionnaires in 

approximately 15 minutes, and the retention questionnaire required about 5 minutes. To link 

pre-, post-, and retention data, each participant was assigned a unique anonymous identifier. 

Email addresses were used solely to distribute the retention questionnaire and were stored 

separately from response data. No personal or demographic information was collected, and all 

procedures adhered to institutional ethical approval and data-protection requirements. The pre-

test and post-test knowledge assessments consisted of the same set of questions, presented in 

the same order and format, to allow for direct comparison of learning gains. 
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The independent variable in this study was the intervention method, with the game and video 

as the two conditions. The dependent variables included knowledge measured with an open-

ended questionnaire, self-efficacy measured using the General Self-Efficacy (GSE), intrinsic 

motivation measured with the Intrinsic Motivation Inventory (IMI), user experience measured 

through the NASA Task Load Index (TLX) and the NASA Modified System Usability Scale 

(NMSUS), and behavioral change assessed through a questionnaire on implemented mold 

prevention strategies. As demonstrated in Figure 8, knowledge and self-efficacy were measured 

in the pretest, posttest, and retention test; motivation and user experience were measured in 

posttest; and behavioral change was measured in the retention test. In addition, participant 

demographic information was collected in the pretest. 

5.2.3 Data Collection Instruments 

5.2.3.1 Demographics 

This part gathered information including age, gender, type of residential housing, and frequency 

of playing video games. This data was used to contextualize participant characteristics and 

ensure consistency among participant profiles between the two groups. 

5.2.3.2 Knowledge 

An open-ended questionnaire was used to assess participants’ knowledge to identify mold-

prone areas, understand the essential conditions for mold growth, recognize temperature and 

humidity ranges to prevent mold growth, and apply prevention strategies. Participants’ 

responses were manually scored. For the first module, correct answers included four spots in 

the kitchen, five spots in the bedroom and six spots in the bathroom. Participants obtained 1 

score for each correct spot mentioned in their responses. For the second module, correct answers 

included four key elements: moisture, cold surface, nutrients, and spores. Participants obtained 

1 score for each correct item mentioned in their responses. For the third module, correct answers 

included two items, including temperature (20-24°C) and humidity (40-60%). For the fourth 

module, the correct answers included nine mold prevention strategies. As a result, a participant 

could score between 0 to 30 points in total for the four modules. The same scoring method was 

applied for the pre-test, post-test, and retention test. 

5.2.3.3 Intrinsic Motivation 

In this study, a customized version of the Intrinsic Motivation Inventory (IMI) (Choi et al., 2010) 

was used to assess the intrinsic motivation of participants during their learning process. IMI is 

grounded in the Self-Determination Theory (SDT) and is commonly used to evaluate how 

enjoyable, interesting, and engaging participants found the material, as well as their level of 
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focus, relaxation, and enjoyment during the learning experience (Ryan & Deci, 2020). Based 

on the standard IMI framework developed by Deci and Ryan (2013), three subscales were 

selected for their relevance to the study context: interest/enjoyment, perceived competence, and 

pressure/tension. Each subscale featured three items. Each item was rated using a 7-point 

Likert-type scale, ranging from 1 (strongly disagree) to 7 (strongly agree). For each participant, 

scores for each subscale were calculated by averaging the scores of the relevant items. Higher 

scores indicated higher levels of intrinsic motivation. 

5.2.3.4 System Usability Scale 

The NASA Modified System Usability Scale (NMSUS) (NASA, 2023) was employed to 

evaluate the usability of the learning tools (game or video). This scale provides insights into 

how user-friendly the learning tools were and whether technical support was needed for 

efficient use. Each item was rated using a 7-point Likert-type scale, ranging from 1 (strongly 

disagree) to 7 (strongly agree). For each participant, their NMSUS score was averaged from 

eight items. Higher scores indicated higher perceived usability levels. 

5.2.3.5 Task Load Index 

The NASA Task Load Index (TLX) (Hart, 2006) was used to measure the perceived task load 

during the learning experience for both game and video groups. The tool is particularly popular 

in human-computer interaction, usability research, aviation, healthcare, and education contexts 

(Kosch et al., 2023). The NASA TLX consists of six dimensions of subjective task load, 

including: mental demand, physical demand, temporal demand, performance, effort, and 

frustration level. Each dimension featured one item and was rated by participants on a Likert-

type scale ranging from 0 to 20, where 0 indicated very low and 20 indicated very high task 

load. 

5.2.3.6 Self-Efficacy 

The General Self-Efficacy Scale (GSE) (Luszczynska et al., 2005) was used to evaluate 

participants’ self-perceived capability to handle challenges related to mold prevention, ranging 

from general confidence to specific actions, such as identifying solutions and applying 

preventive strategies. In this study, the GSE was administered using a 7-point Likert-type scale, 

with response options ranging from 1 (completely false) to 7 (completely true). The scale 

consists of five items. The overall self-efficacy score for each participant was computed by 

averaging the scores of all items. Higher total scores indicate greater perceived self-efficacy. 
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5.2.3.7 Behavioral Change 

The behavioral change questionnaire assessed participants’ self-reported changes in behavior 

following the intervention after four weeks. It measured the frequency of mold checks, the 

implementation of prevention strategies, and any noticeable changes in behavior after the 

learning experience. It consisted of five items with a 7-point Likert scale ranging from 1 

(strongly disagree) to 7 (strongly agree). For each participant, the average was calculated from 

all five items. Higher scores indicated a greater degree of perceived behavioral change observed 

by participants. 

5.2.4 Data Analysis 

Inferential statistical analysis was conducted to assess the effectiveness of the two learning 

interventions across multiple measurements. This analysis aimed to determine whether the 

observed differences between the groups were statistically significant. 

First, the dataset was screened for completeness to remove invalid or incomplete responses. 

Within the post-test questionnaire, an attention check question was included: “I will answer 

this questionnaire seriously, so for this question I will choose DISAGREE”. Participants who 

selected any response other than “Disagree” were considered to have failed the attention check, 

resulting in the exclusion of their data. Consequently, 10 out of the 120 responses were 

eliminated (n = 4 from game learning and n = 6 participants from video learning) from the 

analysis. 

Second, the normality of each outcome variable was assessed using the Kolmogorov-Smirnov 

test (Razali & Wah, 2011), supported by visual inspections such as histograms and plots. The 

test indicated that the responses for each measurement were not normally distributed. Therefore, 

Mann–Whitney U tests were used to test the significance between groups. 

Third, within-group comparisons (e.g., pretest vs. posttest, and posttest vs. retention) were 

conducted using the Wilcoxon signed-rank test when data violated normality assumptions. This 

non-parametric approach was chosen to appropriately assess changes over time within each 

intervention group for paired samples. 

Lastly, for each outcome measure, effect sizes were calculated to evaluate the magnitude of 

observed differences. For between-group comparisons, Cohen’s d was determined by 

calculating the mean difference between the two groups and then dividing the result by the 

pooled standard deviation: Cohen’s d = (M2 - M1) / SDpooled, where SDpooled = √ ((SD1
2 + SD2

2) 

/ 2) (Cohen, 2013). For within-group comparisons, Cohen’s d was determined by dividing the 
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mean of the differences by the standard deviation of the difference from paired samples: 

Cohen’s d = MDifference / SDDifference (Dankel & Loenneke, 2021). 

5.2.5 Participants and Experiment Session  

This study employed a non-probabilistic convenience sampling strategy, with a total of 120 

participants (60 per group) recruited from the general public. Efforts were made to ensure 

diversity in age, household type, and socio-demographic background. A power analysis with a 

large effect size (d = 0.8), a significance level of α = 0.05, a statistical power of 1 – β = 0.80, 

and a two-tailed test to detect the mean difference between two independent groups was 

conducted using G*Power 3.1.9.7, indicating 26 participants as the required sample size for 

each group. Given that this study involved a four-week retention test, where sample sizes might 

drop for the retention test, a larger sample size of 60 participants for each group was selected. 

This sample size aligns with those reported in related studies in the field, such as Tarng et al. 

(2016) with n = 56, Zhang and Robb (2021) with n = 60, Paes et al. (2024) with n = 50, Feng 

et al. (2024) with n = 40, and Domgue K et al. (2025) with n = 60. As mentioned in Section 2.4, 

10 participants failed the attention check, resulting in 56 participants valid for the game group 

and 54 participants for the video group. Also, the number of participants completing the 

retention test dropped to 36 for the game group and 33 for the video group. 

Participants were recruited using flyers and word of mouth. Prior to participation, participants 

were informed about the study through an information sheet and were required to sign a consent 

form. As a token of appreciation, each participant received a NZD 10 supermarket voucher 

upon completion. This experiment received a Low-Risk Notification (4000030296) from the 

Massey University Human Ethics Committee. Figure 5.5 depicts participants taking part in the 

experimental session, including both the game and video-based learning groups. 

  

Figure 5.5: Participants engaging in game (left) and video learning (right) sessions during the 

experiment 
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Participants were required to meet basic inclusion criteria: they had to be 18 years of age or 

older and able to read and understand English sufficiently to complete the study materials. No 

additional exclusion criteria were applied, and prior gaming experience was not required for 

participation. All participants completed the experiment using laptop computers provided by 

the research team. 

A detailed breakdown of participant demographics, including gender, housing type, and video 

game frequency, is provided in Table 5.2. The demographic distribution included a higher 

proportion of women than men across both groups. Participants represented a variety of living 

situations, with the most common housing types being standalone houses, followed by 

townhouses and apartments or flats. In terms of video game familiarity, most participants 

reported playing video games occasionally, with a smaller proportion playing frequently or 

daily. Notably, a considerable number of participants indicated that they rarely or never engage 

with video games, suggesting varying levels of prior exposure to digital gaming environments.  

Table 5.2: Sample demographics 

Parameter 

Sample (n = 110) 

Game group  

(n = 56) 

 Video group  

(n = 54) 

# %  # % 

Gender      

Man 23 41%  23 43% 

Woman 33 59%  31 57% 

Type of house      

Apartment/Flat 14 25%  14 26% 

Standalone house 27 48%  22 41% 

Townhouse 15 27%  18 33% 

Frequency of playing video games      

Never 11 20%  15 28% 

A few times a year 16 28%  19 35% 

A few times a month 14 25%  16 30% 

A few times a week 9 16%  3 5% 

Everyday 6 11%  1 2% 
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5.3 Results 

5.3.1 Knowledge acquisition and retention 

The knowledge scores obtained by participants in the game-based and video-based learning 

groups were analyzed at three stages: before learning experience (Pre), immediately after 

learning experience (Post), and four weeks after learning experience (Ret). Figure 5.6 displays 

these scores using box plots. The data reveal a statistically significant increase in knowledge 

from Pre to Post for both the game-based and video-based groups. However, when comparing 

Post to Ret scores, a statistically significant decline in knowledge was observed only in the 

video-based group. The game-based group did not show a significant decline over the same 

period, indicating better knowledge retention ( 

 

 

Table 5.3). Regarding group comparisons, no significant differences were found between the 

game and video-based learning groups at Pre or Post, suggesting comparable learning outcomes 

immediately after the intervention (Post). However, four weeks later (Ret), the game-based 

group outperformed the video-based group in knowledge retention, with a statistically 

significant difference, reflecting a medium-to-large effect size in favor of game-based learning 

(Table 5.4). 

 

Figure 5.6: Participants’ knowledge scores before the learning (Pre), after the learning (Post), 

and after four weeks (Ret) in the game and video learning conditions 
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Table 5.3: Comparison of the knowledge scores before the learning (Pre), after the learning 

(Post), and after four weeks (Ret) for the game and video-based learning conditions 

Metric Pre vs Post Post vs Ret 

Game Video Game Video 

Z -6.514 -6.400 -.883 -4.868 

p <.001 <.001 .377 <.001 

d 2.742 3.883 0.158 4.146 

Table 5.4: Comparison between knowledge scores of the game and video-based learning 

conditions for the knowledge assessment done before the learning (Pre), after the learning 

(Post), and after four weeks (Ret) 

Game vs 

Video 

Pre Post Ret 

U 1337.5 1462.0 341.0 

Z -1.056 -.300 -2.614 

p .291 .764 .009 

d 0.257 0.086 0.832 

 

5.3.2 Analysis of Intrinsic Motivation 

This section presents the analysis of intrinsic motivation scores collected from participants in 

both the game-based and video-based learning groups. Intrinsic motivation was assessed 

immediately after the learning intervention (Post) to explore differences between the two 

approaches. Figure 5.7 illustrates the average scores across three subscales, Interest/Enjoyment, 

Perceived Competence, and Pressure/Tension, using box plots. The analysis revealed a 

statistically significant difference in intrinsic motivation in favor of the game-based learning 

group. Participants who engaged in the game-based learning reported significantly higher levels 

of Interest/Enjoyment, with a medium effect size. Similarly, the game-based group scored 

significantly higher in Perceived Competence and Pressure/Tension, indicating reduced stress 

or anxiety compared to the video-based group. Although the effect sizes ranged from small to 

medium, the findings suggest that game-based learning had a meaningful positive impact on 

learners’ intrinsic motivation across multiple dimensions when compared to traditional video-

based learning (Table 5.5). 
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Figure 5.7: Participants’ intrinsic motivation scores after the learning (Post) in the game and 

video-based learning conditions 

Table 5.5: The results of Mann–Whitney U test for game vs video-based learning conditions 

for intrinsic motivation after the learning (Post) 

Game vs Video Interest/Enjoyment Perceived Competence Pressure/Tension 

U 1024.0 1130.0 1153.0 

Z -2.929 -2.318 -2.206 

p .003 .020 .027 

d 0.614 0.426 0.438 

 

5.3.3 Analysis of Perceived System Usability (NMSUS) 

This section analyzes perceived system usability scores from participants in the game-based 

and video-based learning groups. Usability was measured immediately after the learning 

session (Post) to determine whether the instructional method influenced user perceptions of 

system usability. The average scores are illustrated in Figure 5.8 using a box plot. The analysis 

revealed a statistically significant difference in perceived system usability between the two 

groups. Participants in the game-based learning group reported higher usability scores 

compared to those in the video-based group. The test confirmed that this difference was 

statistically significant. Cohen’s d indicates a medium effect, implying that the game-based 

learning environment was perceived as notably more usable and user-friendly than the video-

based alternative (Table 5.6). 
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Figure 5.8: Participants’ system usability scores after the learning (Post) in the game and 

video-based learning conditions 

Table 5.6: The results of Mann–Whitney U test for game vs video-based learning conditions 

for system usability after the learning (Post) 

Game vs Video Value 

U 950.0 

Z  -3.370 

p <.001 

d 0.599 

 

5.3.4 Analysis of Task Load (TLX) 

This section evaluates the task load experienced by participants in the game-based and video-

based learning groups, measured immediately after the learning intervention (Post). The 

analysis aims to assess whether the type of instructional method influenced participants’ 

perceived task load. The average task load scores across the six NASA-TLX subscales are 

presented in Figure 5.9 using box plots. The analysis revealed that participants in the game-

based learning group reported significantly lower task load compared to those in the video-

based group. These results indicate small to moderate effect sizes, suggesting that the game-

based environment imposed less mental strain and time-related pressure on learners (Table 5.7). 
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Figure 5.9: Participants’ task load scores after the learning (Post) in the game and video-based 

learning conditions 

Table 5.7: The results of Mann–Whitney U test for game vs video-based learning for task load 

after the learning (Post) 

Game vs 

Video 

Mental 

demand 

Physical 

Demand 

Temporal 

Demand 

Performance Effort Frustrati

on 

U 1145.5 1188.5 1063.0 1391.5 1325.5 1387.5 

Z  -2.197 -1.947 -2.7 -.724 -1.119 -.769 

p .028 .051 .007 .469 .263 .442 

d 0.412 0.359 0.536 0.080 0.359 0.207 

 

5.3.5 Analysis of Self-efficacy (GSE) 

This section analyzes self-efficacy scores reported by participants in both the game-based and 

video-based learning groups at three stages: before learning experience (Pre), immediately after 
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learning experience (Post), and four weeks post-learning (Ret). These scores are illustrated in 

Figure 5.10 using box plots. The analysis showed a statistically significant increase in self-

efficacy from Pre to Post in both groups. These results indicate large effect sizes, confirming 

that both methods were effective in improving participants’ self-efficacy immediately after the 

learning intervention. When comparing Post to Ret scores, a statistically significant decline in 

self-efficacy was observed only in the video-based group, reflecting a moderate drop in 

perceived self-efficacy over time (Table 5.8). In contrast, the game-based group maintained its 

self-efficacy scores, showing no significant decrease. The analysis also revealed no statistically 

significant differences between the game and video-based learning groups at either Pre or Post, 

indicating similar baseline and immediate outcomes. However, a trend toward significance was 

noted at the Ret stage, suggesting that the game-based learning group may have been more 

effective in sustaining self-efficacy gains over the longer term (Table 5.9).  

 

Figure 5.10: Participants’ self-efficacy scores before the learning (Pre), after the learning 

(Post), and after four weeks (Ret) in the game and video learning conditions 

Table 5.8: Comparison of the self-efficacy score before the learning (Pre), after the learning 

(Post), and after four weeks (Ret) for the game and video-based learning conditions 

Metric  Pre vs Post Post vs Ret 

Game Video Game Video 

Z -6.043 -5.562 -.861 -2.306 

p <.001 <.001 .389 .021 
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d 1.251 0.965 0.111 0.480 

 

Table 5.9: Comparison between self-efficacy score of the game and video-based learning 

conditions for the knowledge assessment done before the learning (Pre), after the learning 

(Post), and after four weeks (Ret) 

Game vs 

Video 

Pre Post Ret 

U 1297.0 1350.0 456.5 

Z -1.288 -.974 -1.658 

p .198 .330 .097 

d 0.252 0.170 0.413 

 

5.3.6 Analysis of Behavioral Change 

This section examines behavioral change scores reported by participants in the game-based and 

video-based learning groups, measured four weeks after the learning intervention (Ret). The 

objective was to determine whether the type of instructional method influenced sustained 

behavioral change over time. The results are presented in Figure 5.11 using box plots. The 

analysis revealed no statistically significant difference in behavioral change between the two 

groups after four weeks. Although the game-based learning group reported slightly higher 

behavioral change scores than the video-based learning group, the difference was not 

statistically significant. The effect size was very small, indicating minimal practical significance. 

These findings suggest that both instructional methods had a similar impact on participants’ 

ability to implement and sustain behavioral changes one month after the learning experience. 

Neither method demonstrated a clear advantage in promoting long-term behavioral 

transformation (Table 5.10). 
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Figure 5.11: Participants’ behavioral change scores after four weeks of learning (Ret) in the 

game and video-based learning conditions 

Table 5.10: Comparison between behavioral change scores of the game and video-based 

learning conditions for the behavioral change assessment done after four weeks (Ret) 

Game vs Video Value 

U 492.5 

Z -.663 

p .507 

d 0.069 

 

5.4 Discussion 

This study aimed to develop and evaluate the effectiveness of a serious game compared to 

video-based learning aimed at educating the general public on mold prevention techniques in 

residential settings. The evaluation focused on key learning performance metrics, including 

knowledge, self-efficacy, intrinsic motivation, system usability, task load, and behavioral 

change. A controlled between-subjects experiment was conducted to assess the learning and 

behavioral outcomes of both learning modalities. 

Both the game-based and video-based learning conditions resulted in significant improvements 

in knowledge immediately after the learning experience (Post), with large effect sizes for both 

groups. However, only the game-based learning group maintained their knowledge after four 

weeks (Ret), showing no significant decline, while the video-based learning group experienced 
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a significant decrease in knowledge. Notably, the game-based learning group outperformed the 

video group in knowledge retention, with a statistically significant difference and a medium-to-

large effect size. These findings are consistent with previous literature indicating that serious 

games can effectively support knowledge acquisition and improve long-term knowledge 

retention. For example, Sitzmann (2011) conducted a meta-analysis of 65 studies involving over 

6,000 participants and found that trainees taught with simulation games demonstrated 11% 

higher declarative knowledge and 9% greater retention compared to those receiving traditional 

instruction. Similarly, Wouters, Nimwegen, et al. (2013), in a meta-analysis covering 77 studies, 

reported that serious games were significantly more effective than conventional instructional 

methods in promoting both learning and retention. They further noted that the effectiveness of 

serious games was enhanced when games were used in combination with other instructional 

strategies, involved multiple sessions, and encouraged collaborative learning. More recent 

empirical studies have consistently demonstrated the superiority of serious games over 

traditional and video-based instructional methods in enhancing knowledge acquisition and 

retention. For instance, L. Hu et al. (2021) developed a serious game aimed at training 

undergraduate medical students in neonatal resuscitation. Their randomized controlled trial 

revealed that students who engaged with the game exhibited significantly higher long-term 

knowledge retention compared to those who underwent traditional training methods. 

Additionally, Chen (2025) explored the impact of low-tech serious games in higher education 

settings. The study concluded that students who engaged in serious game-based learning 

retained more information than those who attended traditional lecture-based classes. 

In this study, the game-based learning group reported significantly higher intrinsic motivation 

scores than the video-based learning group. This difference, with small to medium effect sizes, 

suggests that the game better satisfied participants’ psychological needs for autonomy, 

competence, and low anxiety, critical components of sustained learning motivation according 

to the Self-Determination Theory. This aligns with prior research that identifies gamification 

elements as strong drivers of intrinsic motivation. For instance, a study by Söbke et al. (2020) 

compared serious gaming and traditional learning methods and found that serious gaming led 

to higher intrinsic motivation along with lower mental load, compared to traditional methods. 

Additionally, Sailer et al. (2017) conducted an experimental study examining the effects of 

gamification on intrinsic motivation and performance. The study found that gamified learning 

environments, which included elements like narrative, avatars, challenge, feedback, and 

rewards, significantly increased self-reported intrinsic motivation among participants. 
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System usability scores indicated that the serious game was perceived as significantly more 

user-friendly than the video-based method, with a medium effect size. This reported greater 

usability likely contributed to the enhanced motivation and knowledge retention observed in 

the game-based learning group. These findings are consistent with prior research showing that 

serious games can reduce cognitive load while enhancing engagement (Sitzmann, 2011). 

Studies have shown that well-designed games present information through interactive 

narratives and meaningful feedback, which helps learners process complex material more 

efficiently than passive methods such as video instruction (Plass et al., 2015). 

The serious game-based learning also led to significantly lower perceived task load in key 

aspects such as mental demand and temporal demand. These findings suggest that the game 

presented information in a cognitively manageable way, potentially by offering guided 

exploration, pacing, and modular progression. Lower task load during learning may have helped 

participants focus better on the material and engage with it more deeply. Although the physical 

demand, effort, and frustration aspects of the task load variable did not differ significantly, the 

general trend favored the serious game method across all TLX subscales, suggesting a more 

balanced and smooth learning experience. 

Moreover, while participants in both groups showed significant increases in self-efficacy right 

after the learning experience (Post), with large effect sizes, only the video-based learning group 

experienced a significant decline after four weeks (Ret), while the game-based learning group 

maintained their gains. Although between-group differences at Ret were not statistically 

significant, the trend suggests that the game-based intervention may have a more stable long-

term effect on learners' confidence in applying mold prevention strategies. 

Despite the game group reporting slightly higher behavioral change scores after four weeks 

(Ret), the difference between the two groups was not statistically significant. This suggests that 

while serious games can enhance knowledge and motivation, these gains may not directly 

translate into real-world behavior without additional reinforcement. Behavioral change is a 

complex outcome influenced by contextual, environmental, and social factors beyond 

knowledge and intention. The small effect size observed aligns with existing literature 

emphasizing the challenge of achieving behavior change through one-time interventions alone.  

While this study provides promising evidence regarding the effectiveness of serious games, 

several limitations should be acknowledged. Studies consistently highlight that self-reported 

data are prone to social desirability, recall errors, reference bias, and response-shift bias. For 
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example, physical activity research notes that self-report methods possess several limitations in 

terms of their reliability and validity (Prince et al., 2008). In the following, behavioral change 

was measured via self-reported data collected four weeks post-intervention. It is susceptible to 

social desirability and recall biases. No objective validation (e.g., home inspections or behavior 

tracking) was conducted to corroborate these self-assessments. Also. short follow-up periods 

(commonly under three months) limit conclusions about sustained behavior change.  

This study did not incorporate gameplay-embedded learning analytics, which limits the ability 

to examine how participants interacted with the game and which specific behaviors or decision 

patterns contributed to learning outcomes. Game learning analytics can capture granular 

behavioral traces such as navigation paths, time spent on tasks, error correction patterns, and 

strategy use. These data offer objective insights that complement self-reports and support 

deeper analysis of cognitive and behavioral processes in serious game environments. Future 

work will integrate analytics dashboards and event-logging mechanisms into the game to enable 

more comprehensive assessments of learning mechanisms and real-world behavioral transfer. 

Although the findings support the effectiveness of serious games for mold-prevention education, 

the specific perceptual, contextual, and spatial cognitive mechanisms were not directly 

measured and should be examined in future research. 

5.5 Conclusion 

This study demonstrates the educational potential of serious games for mold-prevention 

education and provides outcome-level evidence supporting their effectiveness in this domain. 

Both serious game-based and video-based learning improved knowledge and self-efficacy 

immediately after training. Only the game-based intervention sustained superior knowledge 

retention and intrinsic motivation after four weeks, alongside lower perceived task load and 

higher usability. Behavioral change did not differ between groups, indicating that improved 

cognition and motivation alone are insufficient to drive lasting household behavior without 

additional reinforcement mechanisms. Beyond comparative performance, the key contribution 

of this work lies in proposing a domain-specific instructional rationale for mold-prevention 

education. Mold risk depends on micro-level household actions that physically modify the 

indoor environment by altering ventilation, humidity, surface temperatures, and moisture 

accumulation. These processes require spatial diagnosis and situated decision-making rather 

than declarative recall. The serious game was therefore designed to allow learners to actively 

test environmental modifications and observe their consequences through immediate feedback. 

The superior long-term retention observed in the game condition is consistent with theoretical 



 

127 

 

perspectives suggesting that interactive and spatially grounded learning environments may be 

well suited to mold-prevention education. However, the present study did not directly measure 

perceptual or spatial cognitive processes, and future research should examine these mechanisms 

explicitly. 

From a public-health and housing-policy perspective, the findings indicate that digital learning 

tools can support large-scale mold-awareness and tenant-education initiatives, especially in 

high-risk residential environments. The divergence between cognitive gains and behavioral 

outcomes further suggests that effective mold-prevention education should integrate learning 

with structured reinforcement, such as follow-up prompts, in-home audits, or environmental 

checklists. Educational institutions and public agencies may therefore benefit from deploying 

blended strategies that combine the diagnostic strengths of serious games with procedural 

supports to sustain behavior change. Future research should incorporate longer retention 

periods, objective in-game behavioral analytics, and post-intervention field measurements of 

household conditions to better capture real-world learning transfer. Expanding the intervention 

across different climatic regions and housing typologies will further strengthen its scalability 

and policy relevance. 
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Chapter 6 

Path Analysis of Learning Experience 
 

 

 

This chapter is based on the following Journal article, which in under review: 

 
Baghaei Daemei, A., Feng, Z., Paes, D., (2025). Explaining Knowledge and Self-Efficacy Gains 
through Learner and System Factors: Comparing Game-Based and Video-Based Learning 

Using Structural Equation Modeling, Interactive Learning Environments, Under review. 
 

While Chapter 5 established the comparative effectiveness of the game-based and video-based 

interventions, the underlying mechanisms driving these outcomes remain unclear. This chapter 

(Chapter6) therefore extends the analysis by employing Structural Equation Modelling to 

examine how learner-related and system-related factors interact to influence knowledge and 

self-efficacy. 
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Chapter 6: Path Analysis of Learning Experience 

6.1 Introduction 

Serious games are defined as games designed for purposes beyond entertainment, often created 

to support learning, training, or awareness-raising (Michael & Chen, 2005). They can take 

various forms, ranging from analog board and card games to digital and virtual environments 

(Wilkinson, 2016). Over the past two decades, serious games have gained considerable attention 

in education, delivering a blend of engaging experiences and pedagogical structure (Checa & 

Bustillo, 2020; Dede, 2009). By utilizing gaming elements, such as interactivity, feedback, and 

goal orientation, serious games aim to enhance learners’ cognitive and affective engagement, 

ultimately improving motivation, knowledge acquisition and retention, among other learning 

outcomes (Vlachopoulos & Makri, 2017).  

They have been applied across diverse fields, from health education to environmental 

awareness, due to their versatility in adapting complex content into digestible, interactive 

experiences (Tan & Nurul-Asna, 2023). Despite their pedagogical potential, the underlying 

mechanisms through which serious games influence learning remain unclear (Sevcenko et al., 

2021). Many studies focus solely on outcome measures, such as knowledge or performance 

improvements, without fully considering the roles of learner factors or system-related design 

features (Abdollah  Baghaei Daemei et al., 2025; Moizer et al., 2019).  

Alongside serious games, video-based learning has long been central in digital instruction. 

Educational videos are widely adopted due to their scalability, ease of access, and ability to 

present complex concepts through narration and visual demonstration (Mayer, 2009). Recent 

reviews highlight that videos can improve comprehension and retention when designed with 

multimedia principles such as signaling and segmenting (Fiorella & Mayer, 2018). However, 

video learning is often criticized for offering passive rather than active engagement (Kay, 2012). 

Compared with serious games, videos provide limited opportunities for interaction, which may 

constrain learners’ motivation and self-efficacy (Lovreglio et al., 2021). 

Despite their popularity, relatively little research has examined process-level mechanisms in 

game-based and video-based learning, such as how usability, cognitive load, motivation, prior 

knowledge and self-efficacy shape learning outcomes. This creates a gap in understanding how 

different instructional media, interactive versus non-interactive, affect learners through distinct 

cognitive and motivational pathways (Schrader, 2023). 
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Although numerous recent studies have explored the educational potential of serious games 

(Çoban & Göktaş, 2023; Feng et al., 2021; Kazar & Comu, 2021; Lovreglio et al., 2021; 

Mirsoleymani et al., 2022), there is a growing shift in focus toward understanding learning as 

a dynamic process, that is, investigating how and why learning unfolds rather than merely 

evaluating learning outcomes (Falloon, 2019). One effective approach for investigating learning 

as a process is through the use of Structural Equation Modeling (SEM) (Tarhini et al., 2017). 

SEM is a robust multivariate statistical technique that enables the analysis of complex 

relationships among observed and latent variables simultaneously (Kline, 2023). SEM is 

particularly suited for testing theoretical models that encompass both direct and indirect effects, 

allowing researchers to examine not only whether variables are related, but also how they 

influence each other through mediating mechanisms (Nitzl et al., 2016). In the context of 

educational research, SEM is increasingly utilized to uncover the interplay between cognitive, 

affective, and system-related factors that drive learning outcomes (Makransky & Petersen, 

2019). 

In the field of serious games, SEM has been employed to explore the nuanced relationships 

between game design elements, user experience, and learning performance. For example, Su 

(2015) examined software engineering students using a gamified learning system, modeling 

motivation, cognitive load, and academic performance with SEM. The study found that lower 

cognitive load reduced learning anxiety and elevated motivation, both of which significantly 

predicted higher academic performance. Baah et al. (2024) surveyed over 400 university 

students across gamified courses using SmartPLS SEM. Their findings reveal that cognitive 

load exerted a stronger influence than motivation on learning engagement, though both were 

significant predictors. The study integrates the Attention, Relevance, Confidence, and 

Satisfaction (ARCS) Model, SDT, and Cognitive Load Theory to illustrate how usability and 

task-related difficulty impact student motivation and subsequent engagement. This supports the 

notion that while motivation is essential, the cognitive burden can be a decisive factor in shaping 

learner engagement (Su, 2016). Research on serious games highlights the importance of game 

usability and learner experience in shaping motivation and engagement. Moreno-Ger et al. 

(2012) developed a usability-testing methodology tailored for serious games and demonstrated 

that poor interface usability diverts cognitive effort away from learning content, thereby 

reducing engagement and learning effectiveness. Building on these gaps, this study poses the 

following research questions: 
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• How do baseline learner factors, namely pre-test knowledge and self-efficacy, influence 

post-test knowledge and self-efficacy in game-based versus video-based learning? 

• To what extent do system-related factors, namely usability and perceived task load, 

affect learners’ intrinsic motivation across the two instructional media? 

• Does intrinsic motivation mediate the relationship between usability, task load, and 

post-test outcomes (knowledge and self-efficacy), and are these pathways medium-

specific? 

Framed around these questions, this study aims to clarify both the cognitive and motivational 

mechanisms that underline learning in digital environments. This study used multi‑group SEM 

to explore how game-based learning and video-based learning shape participants’ learning 

outcomes. This research’s design measured participants’ baseline knowledge and self‑efficacy 

before the intervention (pre-test) and then assessed their intrinsic motivation, self‑efficacy, 

knowledge, usability and perceived task load after they completed either the game or the video-

based learning (post-test). This study was particularly interested in how learners’ baseline 

factors, such as pre-test knowledge and pre-test self‑efficacy, interact with system-related 

factors like usability and task load to influence what they know and how confident they feel 

after the learning experience. The full development process of the serious game is described in 

detail in Abdollah Baghaei Daemei, Zhenan Feng, et al. (2025). 

This approach, which incorporates both pre‑ and post‑test measures, moves beyond simple 

outcome comparisons by controlling for baseline differences (e.g., pre-test knowledge and self-

efficacy) and examining how affective factors (motivation) and cognitive factors (usability and 

task load) independently influence learning outcomes. In doing so, the study contributes to a 

more nuanced understanding of how digital learning environments may foster or impede 

learning, depending on both the learner’s starting point and the design of the instructional 

medium. Importantly, this study positions prior knowledge as a foundational learner factor that 

may determine how effectively participants benefit from different media. By integrating pre-

test measures of both knowledge and self-efficacy, this study moves beyond design-only 

explanations and examines how learners’ starting points interact with usability, task load, and 

motivation to shape post-test outcomes. 

This study extends existing SEM frameworks for digital and game-based learning by integrating 

both pre-test and post-test measures of learner factors. While prior research has predominantly 

focused on post-intervention outcomes or changes (Δ), our model integrates baseline 

knowledge and self-efficacy directly into the SEM framework, enabling a more precise 
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estimation of learning gains and motivational outcomes beyond initial group differences. This 

approach enables a more detailed interpretation of the true effects of the intervention by 

isolating the influence of affective constructs (e.g., motivation) and cognitive constructs (e.g., 

usability, task load) while controlling for individual differences in baseline knowledge and self-

efficacy. For instance, a study on digital game-based mathematics learning demonstrated the 

importance of modelling pre-test scores as covariates, which enables a thorough interpretation 

of post-test learning and motivational changes by accounting for initial group differences (All 

et al., 2017; Hung et al., 2014). Similarly, recent research in online learning contexts has shown 

that incorporating pre-intervention self-efficacy and knowledge in SEM frameworks 

significantly improves the validity of models explaining course satisfaction and performance 

(Blaak et al., 2025). 

Furthermore, the model advances theoretical understanding by positioning motivation as a 

mediator between usability, task load, and learning outcomes. Previous studies have typically 

considered motivation as an outcome or isolated construct (Evans et al., 2024; Hu, 2008). In 

contrast, this study tests motivation's functional role in mediating the relationship between 

system-related factors (i.e., usability and task load) and post-intervention outcomes (i.e., self-

efficacy and knowledge). This contributes to a deeper understanding of the motivational 

mechanisms through which learning technologies exert their effects. 

6.2 Theoretical Framework 

6.2.1 Prior Knowledge as a Foundation for Learning Outcomes  

Prior knowledge refers to learners’ existing understanding of a subject before new instruction. 

Classic cognitive theories posit that prior knowledge provides the mental framework onto which 

new information is assimilated (Cook, 2006). Indeed, prior domain knowledge has been 

described as “the most important determinant of a student’s learning success”, explaining a 

large portion of variance in final achievement (Bandura, 1986; Brod, 2021). In practical terms, 

students who know more at the outset of a course tend to also know more at the end. Prior 

knowledge facilitates comprehension by allowing learners to make meaningful connections, 

reduce extraneous cognitive processing, and focus on novel material. Conversely, novices with 

low prior knowledge may struggle to integrate new information, although they have more room 

for growth (Brod, 2021). Given its centrality, prior knowledge is expected to directly enhance 

learning with an instructional medium (Alonso-Fernandez et al., 2019). As such, we 

hypothesize that: 
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• H1: Higher pre-test knowledge leads to higher post-test knowledge 

This is consistent with extensive evidence in digital learning interventions that initial 

knowledge strongly predicts learning outcomes (Wang et al., 2021). Furthermore, prior 

knowledge may shape learners’ confidence. Students entering with a strong knowledge base 

often feel more competent and assured in learning tasks (Wouters, van Nimwegen, et al., 2013). 

Empirical studies have found that prior knowledge correlates positively with self-efficacy, 

suggesting that familiarity with the content boosts one’s belief in mastering similar content 

(Wang, 2023). We therefore expect that: 

• H2: Higher pre-test knowledge leads to higher post-test self-efficacy 

In other words, a well-prepared learner not only learns more from the instructional medium but 

also emerges to feel more efficacious about the subject matter (Wang et al., 2021). 

6.2.2 Self-Efficacy in Learning Processes 

Self-efficacy, defined by Bandura (1982) as one’s belief in one’s capability to succeed at 

specific tasks, is a crucial motivational construct in learning contexts. High self-efficacy leads 

learners to set challenging goals, persist through difficulties, and employ effective strategies 

(Williams & Rhodes, 2016). In the domain of digital learning environments, pre-intervention 

self-efficacy (i.e., confidence in one’s ability to learn or perform well in the learning medium) 

can significantly influence engagement and outcomes (Lopez-Garrido, 2025). Students with 

higher initial self-efficacy are more likely to approach game challenges with optimism and 

persistence, which facilitates deeper learning. Meta-analytic evidence underscores the 

importance of self-efficacy: Richardson et al. (2012) found a strong correlation between self-

efficacy and academic performance (r = 0.59). Thus, we hypothesize that: 

• H3: Pre-test self-efficacy is positively related to post-test knowledge 

This hypothesis aligns with social-cognitive theory, which holds that efficacious learners 

engage more and learn more (Williams & Rhodes, 2016). In addition, self-efficacy tends to 

exhibit continuity over time, especially in short interventions. Empirically, a student’s 

confidence before an intervention is often a strong indicator of their confidence after, absent 

extremely disconfirming experiences (Street et al., 2022). We therefore expect that: 

• H4: Pre- and post-test self-efficacy are positively related 

In other words, we expect that learners with high self-belief are likely to maintain relatively 

higher self-belief after the learning experience. However, changes may occur: a well-designed 
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learning environment may boost self-efficacy for those initially unsure, and failure experiences 

could dampen confidence for some. By modeling the path from pre- to post-self-efficacy, we 

account for these individual trajectories (Reyhing & Perren, 2021).  

6.2.3 Design-Related Factors and Learner Motivation in Multimedia Learning  

Usability and task load are critical system-related factors in multimedia learning environments 

that can profoundly affect the learner’s experience (Dimitriadou et al., 2021). Usability refers 

to the ease of use and intuitiveness of a system’s interface and mechanics, in essence, how user-

friendly and accessible the system is (Nielsen, 1994). A highly usable learning environment 

allows learners to focus on the content and tasks without confusion or frustration caused by the 

interface. Prior research in educational technology emphasizes that an interface’s design can 

either support or hinder learner motivation. As Lewis et al. (1998, p. 40) observed, “if [an 

instructional multimedia interface] is poorly designed, students will not be intrinsically 

motivated to use the product or to learn with it. Interfaces that motivate learners are realistic, 

easy-to-use, challenging and engaging.” In other words, good usability is a precondition for 

intrinsic motivation: when controls are intuitive and feedback is clear, learners experience a 

sense of competence and autonomy that fuels their willingness to engage (Jeno et al., 2021). 

Empirical work has indeed found that improving usability can enhance learners’ interest and 

satisfaction. For example, small-to-medium positive correlations have been documented 

between usability satisfaction and motivation measures such as attention and relevance (Deci 

& Ryan, 2013). In our study, we posit that if the learning environment is easy to navigate, with 

clear instructions and responsive design, learners will feel more motivated to continue and 

invest effort (Davis, 1989). Thus, we hypothesize that: 

• H5: Usability positively influences post-test motivation 

This extends technology acceptance models into the learning realm, linking perceived ease-of-

use with motivational engagement (Granić & Marangunić, 2019). Notably, prior studies have 

rarely integrated usability and motivation in a single model – the interplay between the two 

“continues to remain a myth” (Hu, 2008), so our examination is expected to shed new light on 

this relationship. 

Task load, on the other hand, refers to the cognitive demand and mental effort required to 

perform a given task (Chang et al., 2017). We draw on cognitive load theory (Sweller, 2011) to 

conceptualize task load: if the game’s challenges impose excessive working memory demand 

(e.g., due to complex instructions, time pressure, or multitasking requirements), learners may 
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experience cognitive overload, which can lead to frustration, fatigue, and ultimately 

demotivation (Yen & Lin, 2020). In contrast, an educational medium that appropriately matches 

difficulty to the learner’s cognitive abilities, providing challenge without overload, can induce 

a state of flow or productive engagement (Hamari et al., 2016). There is growing evidence of 

an inverse relationship between cognitive load and motivation. When instructional strategies 

reduce extraneous cognitive load, students report higher autonomous motivation and 

engagement (Paas et al., 2003). A recent large-scale study by Evans et al. (2024) found that 

teaching methods that lightened students’ cognitive load were associated with increased 

motivation and engagement, as well as better achievement. We therefore hypothesize that: 

• H6: Task load negatively influences post-test motivation 

In practical terms, if the educational environment feels overly demanding or mentally taxing, 

learners’ interest and drive continue to diminish. By measuring perceived task load (e.g., via a 

post-test scale akin to NASA-TLX or cognitive load ratings (Hart, 2006)), our model captures 

the learner’s subjective workload and its impact on motivation. 

Motivation is a pivotal construct in learning. We define motivation as the learner’s drive, 

interest, and willingness to engage in the learning activity, as measured after gameplay. The 

educational learning environment is intended to leverage motivational affordances (e.g., fantasy, 

feedback, challenge) to spark learners’ interest and enjoyment in the subject matter. High 

motivation is not only an outcome of engaging learning environments (either serious games or 

video-based instruction) but also a facilitator of deeper learning processes.  

Motivated learners tend to immerse themselves more fully, expend greater effort, persist longer, 

and use more effective learning strategies (Pintrich & De Groot, 1990). These behaviors, in turn, 

directly contribute to improved comprehension, knowledge acquisition, and retention. 

Empirical studies demonstrate that higher motivation is positively associated with greater 

academic achievement and knowledge gains across instructional settings (Eccles & Wigfield, 

2020; Schunk et al., 2022). For instance, Jääskä et al. (2022) showed that serious games in 

higher education enhance motivation and academic success. Rodriguez-Calzada et al. (2024) 

demonstrated that coupling serious games with active instruction enhances learner engagement 

and motivation. According to Liuyufeng Li et al. (2024), gamification strategies boost intrinsic 

motivation by fulfilling autonomy, competence, and relatedness, central principles of the SDT. 

Together, this evidence suggests that motivated learners are more likely to engage deeply with 

the material, leading to measurable gains in knowledge as well as self-efficacy. Therefore, we 
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posit direct effects of motivation on the key learning outcomes of knowledge and self-efficacy 

gains. When learners are more motivated, they are likely to engage in deeper cognitive 

processing of the material, leading to higher post-test knowledge. In other words: 

• H7: Motivation positively influences post-test knowledge 

This hypothesis is grounded in cognitive-motivational theories such as the Cognitive-Affective 

Theory of Learning with Media (Moreno & Mayer, 2007), which asserts that motivational 

factors mediate learning by increasing or decreasing cognitive engagement. Highly motivated 

learners invest the mental effort to organize and integrate new information, whereas 

unmotivated learners may coast or disengage, limiting learning even if capacity is available. 

While motivation alone does not guarantee learning, it creates the conditions for learning to 

occur. Empirical research supports this link. For example, de Boer et al. (2018) found that 

motivation significantly predicted academic achievement, even when controlling for 

intelligence (motivational effect was small to moderate). We thus expect that participants with 

higher motivation will demonstrate greater knowledge gains post-test. Finally, we hypothesize 

that: 

• H8: Motivation positively influences post-test self-efficacy 

The reasoning here is twofold. On one hand, motivated learners likely engage more and achieve 

more during the learning experience, providing them with mastery experiences that strengthen 

their self-efficacy (Bandura, 2014). On the other hand, there is a reciprocal relationship whereby 

motivation and self-efficacy reinforce each other in a learning cycle. If the learning medium 

succeeds in motivating the learner, that engagement can yield a sense of accomplishment and 

confidence by the end of the session. Prior studies have observed this connection. For instance, 

Makransky and Petersen (2019) found that increases in students’ intrinsic motivation during a 

VR learning simulation were significantly related to increases in their self-efficacy. In their 

model, motivation boosted self-efficacy, which then contributed to learning. 

Importantly, our framework highlights motivation as a mediator between the system-related 

factors (usability, task load) and the learning outcomes (knowledge and self-efficacy gains). 

Rather than expecting a highly usable, low-load game to produce learning gains on its own, we 

propose that these system-related factors work by first influencing the learner’s motivational 

state, which then affects learning. This is consistent with theoretical models of user experience 

and learning. For example, Keller’s ARCS model (Keller, 2010) emphasizes that designs that 

capture attention and provide satisfaction will enhance learners’ motivation, leading to better 
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learning outcomes. In our context, we anticipate that a seamless interface (high usability) and 

an optimally challenging task (manageable load) will create a more enjoyable and engaging 

experience, thus boosting the learner’s motivation to learn. That motivation, in turn, will lead 

to greater knowledge acquisition and a stronger sense of efficacy. The mediation test is used to 

confirm whether the effect of good design on learning outcomes operates through increased 

learner motivation. This focus addresses a gap in prior research: although motivation is often 

cited as a benefit of digital learning environments, few studies have explicitly examined 

motivational mediation in the relationship between the learning environment design and 

learning outcomes. 

6.3 Method 

6.3.1 Experimental Design 

A between-subjects experimental design was implemented to compare two instructional 

methods: game-based learning and video-based learning. Participants were randomly assigned 

to one of the two groups. Both interventions delivered identical educational content and learning 

outcomes. The procedure consisted of two phases: pre-test and post-test. The pre-test measured 

baseline knowledge and self-efficacy. The second phase involved exposure to either the serious 

game or the video. The post-test measured knowledge, self-efficacy, motivation, task load, and 

usability immediately after the intervention. Figure 1 illustrates the experimental design process.  

 
Figure 6.1: Experimental design framework 
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6.3.2 Participants 

This study employed a non-probabilistic convenience sampling strategy, with a total of 120 

participants (60 per group) recruited from the general public, using flyers and word of mouth. 

Efforts were made to ensure diversity in age, household type, and socio-demographic 

background. The dataset was screened for completeness to remove invalid or incomplete 

responses. Within the post-test questionnaire, an attention check question was included: “I will 

answer this questionnaire seriously, so for this question I will choose DISAGREE”. Participants 

who selected any response other than “Disagree” were considered to have failed the attention 

check, resulting in the exclusion of their data. 10 out of the 120 responses were removed (n = 4 

participants from game learning and n = 6 from video learning) from the analysis. Consequently, 

the dataset comprised 110 students randomly assigned to either the Game (n = 56) or Video 

(n = 54) condition. 

Prior to participation, participants were informed about the study through an information sheet 

and were required to sign a consent form. As a token of appreciation, each participant received 

an NZD 10 supermarket voucher upon completion. This experiment received a Low-Risk 

Notification (4000030296) from the Massey University Human Ethics Committee. A detailed 

breakdown of participant demographics, including gender, housing type, and video game 

frequency, is provided in Table 1. 

Table 6.1: Sample demographics 

Parameter 

Sample (n = 110) 

Game group  

(n = 56) 

 Video group  

(n = 54) 

# %  # % 

Gender      

Man 23 41%  23 43% 

Woman 33 59%  31 57% 

Type of house      

Apartment/Flat 14 25%  14 26% 

Standalone house 27 48%  22 41% 

Townhouse 15 27%  18 33% 

Frequency of playing video games      

Never 11 20%  15 28% 

A few times a year 16 28%  19 35% 

A few times a month 14 25%  16 30% 
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A few times a week 9 16%  3 5% 

Everyday 6 11%  1 2% 

 

Although statistical power in SEM depends on effect sizes, model complexity, and indicator 

quality rather than a pre-defined sample size, our sample of 110 (106 analyzed) is within 

commonly accepted bounds for path models with moderate-to-strong effects. Methodological 

texts (e.g., (Kline, 2016)) note that N ≈ 100–200 typically yields stable fit and parameter 

estimates for models of this size, and simulation work (e.g., (MacCallum et al., 1996; Wolf et 

al., 2013)) shows that with standardized loadings ≥ .60 and structural paths ≥ .30–.50, samples 

around 100–150 generally provide adequate power and acceptable Type I/II error rates. In our 

study, the principal significant paths were large (i.e., β = .77, .72, .35), we used bootstrapped 

CIs (2,000 resamples), and the measurement model showed good reliability/fit, all of which 

support adequate power for detecting the effects we report. We acknowledge that multi-group 

estimation reduces per-group sample (≈ 50–56), so the design is conservative for small effects; 

accordingly, we interpret non-significant paths cautiously and recommend replication with 

larger samples to detect small coefficients. 

6.4 Measurements 

6.4.1 Knowledge 

An open-ended questionnaire was used to assess participants’ knowledge to identify mold-

prone areas (module 1), understand the essential conditions for mold growth (module 2), 

recognize temperature and humidity ranges to prevent mold growth (module 3), and apply 

prevention strategies (module 4). Participants’ responses were manually scored. For the first 

module, correct answers included four spots in the kitchen, five spots in the bedroom and six 

spots in the bathroom. Participants obtained 1 score for each correct spot mentioned in their 

responses. For the second module, correct answers included four key elements: moisture, cold 

surface, nutrients, and spores. Participants obtained 1 score for each correct item mentioned in 

their responses. For the third module, correct answers included two items, including 

temperature (20-24°C) and humidity (40-60%). For the fourth module, the correct answers 

included nine mold prevention strategies. As a result, a participant could score between 0 to 30 

points in total for the four modules. The same scoring method was applied for the pre-test and 

post-test. Inter-rater reliability was not calculated for the knowledge scoring in this study 

because responses were evaluated using a predetermined answer key with clearly defined 

scoring criteria for each module. The marking scheme specified the exact number and type of 
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acceptable responses (e.g., predefined mold hotspots and prevention strategies), thereby 

minimizing subjective interpretation during scoring. Given the objective, rule-based nature of 

the coding process, the likelihood of scorer variability was considered low.  

6.4.2 Intrinsic Motivation 

In this study, a customized version of the Intrinsic Motivation Inventory (IMI) (Choi et al., 2010) 

was used to assess the intrinsic motivation of participants after learning. IMI is grounded in the 

SDT and is commonly used to evaluate how enjoyable, interesting, and engaging participants 

found the material, as well as their level of focus, relaxation, and enjoyment during the learning 

experience (Ryan & Deci, 2020). Based on the standard IMI framework developed by Deci and 

Ryan (2013), three subscales were selected for their relevance to this study: interest/enjoyment, 

perceived competence, and pressure/tension. Each subscale featured three items (9 items in 

total). Each item was rated using a 7-point Likert-type scale, ranging from 1 (strongly disagree) 

to 7 (strongly agree). For each participant, scores for each subscale were calculated by 

averaging the scores of the relevant items. Higher scores indicated higher levels of intrinsic 

motivation. 

6.4.3 System Usability 

The NASA Modified System Usability Scale (NMSUS) (NASA, 2023) was employed to 

evaluate the usability of the learning tools (game or video). This scale provides insights into 

how user-friendly the learning tools were and whether support was needed for efficient use. 

Each item was rated using a 7-point Likert-type scale, ranging from 1 (strongly disagree) to 7 

(strongly agree). For each participant, their NMSUS score was averaged from eight items. 

Higher scores indicated higher perceived usability levels. 

6.4.4 Task Load 

The NASA Task Load Index (TLX) (Hart, 2006) was used to measure the perceived task load 

during the learning experience for both game and video groups. This scale is particularly 

popular in human-computer interaction, usability research, aviation, healthcare, and education 

contexts (Kosch et al., 2023). The NASA TLX consists of six dimensions of subjective task 

load, including: mental demand, physical demand, temporal demand, performance, effort, and 

frustration level. Each dimension featured one item and was rated by participants on a Likert-

type scale ranging from 0 to 20, where 0 indicated very low and 20 indicated very high task 

load. 
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6.4.5 Self-Efficacy 

The General Self-Efficacy Scale (GSE) (Luszczynska et al., 2005) was used to evaluate 

participants’ self-perceived capability to handle challenges related to mold prevention, ranging 

from general confidence to specific actions, such as identifying solutions and applying 

preventive strategies. In this study, the GSE was administered using a 7-point Likert-type scale, 

with response options ranging from 1 (completely false) to 7 (completely true). The scale 

consists of five items. The overall self-efficacy score for each participant was computed by 

averaging the scores of all items. Higher total scores indicate greater perceived self-efficacy. 

6.5 Data screening and preparation 

Participants were randomly assigned to either a Game condition or a Video condition. Data was 

collected at two stages. At pre‑test, participants completed the open-ended knowledge test and 

the General Self‑Efficacy Scale (GSE). At post-test, participants completed the same 

knowledge and self-efficacy questionnaires used at pre-test, along with the Intrinsic Motivation 

Inventory (IMI), NASA Task Load Index (TLX), and NASA Modified System Usability Scale 

(NMSUS). The group variable (“G”) coded the condition (1 = Game, 2 = Video). The raw 

dataset contained 48 variables, including the group variable and all item responses. All data 

were inspected for univariate and multivariate normality before modelling. Skewness and 

kurtosis statistics were calculated for each item in IBM SPSS Statistics v.29; all values fell 

within the ±2.2 range, indicating approximate normality (Schmitz et al., 1983). To assess 

multivariate normality, Mahalanobis distances were computed (degrees of freedom = 5, 

p = .001). Four cases with distances greater than the critical chi‑square value (20.52) were 

removed as multivariate outliers. A second Mahalanobis check showed the maximum distance 

had reduced to 18.72 (< 20.52), confirming the remaining 106 cases conformed to multivariate 

normality assumptions (Tugtekin & Koc, 2020). 

6.6 Structural Model and Hypothesis Testing 

After establishing a valid measurement model, the structural model based on the hypotheses 

H1 to H8 described in Section 2 (see Figure 2) was tested using multi‑group SEM in R with the 

Lavaan package. Composite scores for each latent construct were computed by averaging item 

responses (knowledge scores were the proportion correct). Path coefficients were standardized 

and estimated separately for the Game and Video conditions. Non‑parametric bootstrap 

resampling (2 000 iterations per group) generated 95 % confidence intervals for direct and 

indirect effects. Indirect effects of interest included Usability → Motivation → Self‑efficacy, 

Task Load → Motivation → Self‑efficacy and Motivation → Self‑efficacy → Knowledge. 



 

143 

 

 
Figure 6.2: Model of hypothesized relationships 

SEM was selected over alternative relational analysis techniques, such as multiple regression, 

simple mediation analysis, or traditional path analysis, because of the complexity and 

theoretical nature of the proposed model. The conceptual framework developed in this study 

involved multiple latent constructs, each measured by multiple observed indicators, and 

hypothesized both direct and indirect relationships among them. Unlike multiple regression, 

which examines relationships between observed composite variables independently, SEM 

allows the simultaneous estimation of multiple interdependent relationships within a single 

coherent model while accounting for measurement error (Hair et al., 2022; Kline, 2016). SEM 

enables concurrent testing of measurement validity (via CFA) and structural relationships, 

thereby ensuring that conclusions about predictive paths are grounded in validated latent 

constructs. This is particularly important in educational and psychological research, where 

measurement error can substantially bias parameter estimates. Therefore, SEM was considered 

methodologically appropriate for examining the theoretically integrated model of learner-

related and system-related factors influencing knowledge and behavioral outcomes. 

6.7 Analysis 

The data analysis proceeded through several clearly defined stages. First, we assessed the 

normality of the dataset to confirm its appropriateness for subsequent statistical tests. Next, a 

Confirmatory Factor Analysis (CFA) was applied to verify the validity of the measurement 

models. Building on that, SEM was used to examine the hypothesized relationships among the 

variables. SEM is a robust statistical approach that enables simultaneous modelling of complex 

associations between observed indicators and latent constructs (Byrne, 2016). The measurement 
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model was assessed using CFA in IBM SPSS AMOS v.29. This software offers an intuitive 

platform for conducting advanced SEM, allowing for the estimation of models that involve 

multiple dependent variables and mediators, capabilities that exceed those of conventional 

multivariate techniques (Do-Thi & Do, 2022).  

The hypothesized structural paths were then estimated using multi‑group SEM in R with the 

Lavaan package, which offers robust procedures for multi‑group analysis and bootstrapping 

(Rosseel, 2012). Model fit was evaluated using multiple indices, including the chi-square 

statistic (χ²), the Comparative Fit Index (CFI), Tucker–Lewis Index (TLI), Root Mean Square 

Error of Approximation (RMSEA), and Standardized Root Mean Square Residual (SRMR). 

The structural paths corresponding to hypotheses H1–H8 (see Section 2) were then examined. 

Direct, indirect, and total effects were estimated, with significance levels derived from bias-

corrected bootstrap confidence intervals. Standardized path coefficients (β) are reported to 

facilitate interpretation. 

To assess normality, we examined the skewness and kurtosis of each item using IBM SPSS 

Statistics v.29. None of the items exceeded the ±2.2 threshold, indicating that the data were 

approximately normally distributed (Schmitz et al., 1983). Independent samples t-tests showed 

significant differences between the Game and Video groups for task load (t(108) = –2.44, p 

= .016, d = –0.47), usability (t(108) = 3.14, p = .002, d = 0.60), and motivation (t(108) = 3.11, 

p = .002, d = 0.60). No significant group differences were found for knowledge or self-efficacy 

(p > .05). 

Table 6.2: Descriptive statistics and independent samples t-tests comparing game and video 

groups for study variables by group 

Construct Game Video t(df≈) p Cohen’s d 

M SD M  SD 

Knowledge (Pre) 0.60  0.32 0.53  0.25 1.30 .197 0.25 

Knowledge (Post) 2.37  0.71 2.36  0.46 0.11 .911 0.02 

Self-Efficacy (Pre) 4.21  1.31 4.51  1.09 –1.33 .187 –0.25 

Self-Efficacy (Post) 6.03  0.91 5.87 0.91 0.89 .374 0.17 

Task Load (Post) 6.67  3.60 8.41  3.86 –2.44 .016 –0.47 

Usability (Post) 6.33  0.70 5.89  0.76 3.14 .002 0.60 

Motivation (Post) 6.19  0.68 5.70  0.95 3.11 .002 0.60 
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6.7.1 Measurement validation 

The measurement model comprised seven latent constructs: Knowledge_pre, Knowledge_post, 

Self‑efficacy_pre, Self‑efficacy_post, Motivation_post, Task Load_post and System 

Usability_post. Multiple observed indicators represented each latent factor. CFA was conducted 

using IBM AMOS Graphics v.29 with maximum likelihood estimation (Byrne, 2016). Model 

fit was evaluated with the chi‑square statistic (χ²), Comparative Fit Index (CFI), Tucker–Lewis 

Index (TLI), Root Mean Square Error of Approximation (RMSEA) with 90 % confidence 

interval (CI), Standardized Root Mean Square Residual (SRMR) and the probability of close 

fit (PClose). Following Hu and Bentler (1999), values of CFI > 0.90, TLI > 0.90, 

RMSEA < 0.08 and SRMR < 0.08 were interpreted as indicating acceptable fit. 

The measurement model demonstrated an acceptable fit to the data, χ²(390) = 881.12, p < .001, 

CFI = 0.932, TLI = 0.916, RMSEA = 0.063 (90% CI = [0.056–0.070]), SRMR = 0.065, and 

PClose = .002, indicating that the hypothesized model adequately represented the data. All 

factor loadings were statistically significant (p < .001) and exceeded the recommended 

threshold of 0.50, confirming that each observed item strongly represented its corresponding 

latent construct. 

Convergent and discriminant validity were further examined using Average Variance Extracted 

(AVE), Composite Reliability (CR), and Maximum Shared Variance (MSV). AVE values 

ranged from 0.512 (Usability) to 0.621 (Knowledge), exceeding the recommended 0.50 

threshold. For every construct the MSV was lower than its AVE, and the square root of AVE 

exceeded all inter‑construct correlations, confirming discriminant validity. Reliability was 

strong, with Cronbach’s α values between 0.796 (Usability) and 0.851 (Knowledge) (Hair, 

2009).  

Table 6.3: Fit indices for the competing measurement models 

Model χ²(df) CFI TLI RMSEA 

[90% 

CI] 

SRMR PClose Description 

CFA 881.12(390) 0.932 0.916 0.063 
[0.056–

0.070] 

0.065 .002 Measurement 
model 

SEM 912.47(402) 0.931 0.914 0.061 
[0.055–

0.068] 

0.066 .004 Structural model 

 

Reliability and validity indices are presented in Table 4. All constructs demonstrate high 

internal consistency (Cronbach’s α ≥0.80) and composite reliability (CR ≥0.80). AVE values 
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are above 0.50, MSV values are lower than AVE for each construct, and the square roots of 

AVE exceed inter‑construct correlations. HTMT ratios are all below 0.85, supporting 

convergent and discriminant validity. Usability exhibits the lowest reliability (α = 0.796) but 

still meets acceptable standards. 

Table 6.4: Fit indices for the confirmatory factor analysis and SEM 

Construct Cronbach’s α CR AVE MSV 

Knowledge_pre 0.832 0.84 0.583 0.31 

Knowledge_post 0.851 0.85 0.621 0.36 

Self-efficacy_pre 0.808 0.81 0.512 0.28 

Self-efficacy_post 0.823 0.82 0.527 0.33 

Motivation 0.830 0.83 0.556 0.35 

Task Load 0.802 0.81 0.521 0.30 

Usability 0.796 0.80 0.512 0.29 

 

6.7.2 Structural model results 

To compare the structural models across the two groups—one exposed to games and the other 

to videos—a multi-group structural equation modeling was employed. The multi-group SEM 

model demonstrated acceptable fit to the data, χ²(402) = 912.47, p < .001, CFI = 0.931, TLI = 

0.914, RMSEA = 0.061 (90% CI = [0.055–0.068]), SRMR = 0.066, and PClose = .004 (Table 

3), indicating that the hypothesized structural model adequately represented the relationships 

among the constructs across both groups. Standardized path coefficients and 95 % confidence 

intervals are reported in Table 5. In the Game condition, only H1 

(Knowledge_pre → Knowledge_post) reached significance: β = 0.35, 95 % CI = [0.10, 0.57]. 

All other paths were non‑significant, indicating that in the Game condition, post-test knowledge 

was significantly predicted by baseline knowledge. In the Video condition, usability strongly 

predicted motivation (H5, β = 0.77, 95 % CI = [0.62, 0.89]), which in turn strongly predicted 

post-test self-efficacy (H8, β = 0.72, 95 % CI = [0.60, 0.83]). All other paths were 

non‑significant. These results indicate different mechanisms of action across conditions. 
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Table 6.5: Standardized path coefficients and 95 % confidence intervals 

Hypothesis Game Condition Video Condition 

H1: Pre-test knowledge → Post-test 

knowledge 

β = 0.35 [0.10, 0.57], p = 

.012 

β = –0.01 [–0.26, 0.24], p 

= .938 

H2: Pre-test knowledge → Post-test 

self-efficacy 

β = 0.21 [–0.01, 0.41], p 

= .062 

β = –0.04 [–0.27, 0.19], p 

= .713 

H3: Pre-test self-efficacy → Post-test 

knowledge 

β = 0.03 [–0.23, 0.25], p 

= .812 

β = –0.17 [–0.42, 0.08], p 

= .183 

H4: Pre- → Post-test self-efficacy β = 0.12 [–0.14, 0.37], p 

= .375 

β = 0.02 [–0.23, 0.28], p = 

.861 

H5: Usability → Post-test motivation β = 0.09 [–0.24, 0.40], p 

= .656 

β = 0.77 [0.62, 0.89], p < 

.001 

H6: Task load → Post-test motivation β = 0.14 [–0.17, 0.45], p 

= .349 

β = –0.01 [–0.28, 0.24], p 

= .936 

H7: Motivation → Post-test 

knowledge 

β = 0.06 [–0.28, 0.37], p 

= .724 

β = 0.02 [–0.23, 0.24], p = 

.865 

H8: Motivation → Post-test self-

efficacy 

β = 0.03 [–0.29, 0.34], p 

= .857 

β = 0.72 [0.60, 0.83], p < 

.001 

 

Indirect effects were significant only for the Video group. Usability affected self‑efficacy via 

motivation (Usability → Motivation → Self‑efficacy: β = 0.56, 95 % CI = [0.43, 0.67]) and 

motivation influenced knowledge through self‑efficacy 

(Motivation → Self‑efficacy → Knowledge: β = 0.10, 95 % CI = [0.01, 0.20]). No significant 

indirect effects were found in the Game group. To better visualize these medium-specific 

mechanisms, Figure 3 illustrates the tested SEM model with significant and non-significant 

pathways for the Game and Video conditions. 
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Figure 6.3: Structural equation model results for Game and Video conditions. Significant 

standardized paths are highlighted in red (Game) and blue (Video). The dashed lines represent 

non-significant hypothesized paths 

6.8 Discussion 

This multi-group SEM provides clear evidence that the mechanisms linking system-related 

factors and learner factors to outcomes are medium-specific. In the game-based condition, pre-

test knowledge was the sole significant predictor of post-test knowledge, while usability, task 

load, and motivation did not exert detectable effects. In the video-based condition, usability 

predicted motivation, which in turn predicted post-test self-efficacy. Although motivation did 

not directly predict knowledge, there was a small indirect pathway through self-efficacy. 

Collectively, these patterns suggest that interactive media leverage existing knowledge, whereas 

video depends on interface-driven motivational arousal to strengthen learners’ confidence. 

The prominence of pre-test knowledge in the game condition aligns with cognitive theories 

positing that pre-existing schemas facilitate assimilation and integration of new information 

(Nemeth & Lipowsky, 2024). The interactivity of serious games likely amplifies benefits for 

learners who can map in-game cues onto well-organized knowledge structures, thereby 

allocating more resources to germane processing. This clarifies mixed results in the literature: 

while meta-analyses show that serious games often outperform conventional instruction on 

knowledge and motivation (Girard et al., 2013; Wouters, Nimwegen, et al., 2013), our model 

specifies for whom these advantages materialize most readily: participants with stronger 

knowledge foundations. Methodologically, the finding reinforces guidance to model or control 



 

149 

 

pre-test knowledge levels to avoid attributing pre-existing advantages to the intervention (All 

et al., 2016). Practically, it points to the need for adaptive scaffolding (e.g., advance organizers, 

micro-tutorials, worked examples, dynamic hints) to help novices cross the threshold at which 

gameplay feedback translates into learning rather than mere exploration. 

In the video condition, usability was a powerful predictor of motivation, aligning with the 

Technology Acceptance Model (Davis, 1989) and SDT, which explains how usable interfaces 

satisfy competence and autonomy needs, thereby fostering intrinsic motivation (Jeno et al., 

2021; Ryan & Deci, 2020). Motivation, in turn, strongly predicted post-test self-efficacy, 

corroborating findings from immersive simulations where heightened engagement fosters 

mastery experiences and confidence (Makransky & Petersen, 2019). The absence of a direct 

link between motivation and knowledge suggests that for non-interactive media, motivation 

first manifests as confidence gains, with knowledge change emerging more slowly, eventually. 

This interpretation is consistent with the Cognitive-Affective Theory of Learning with Media, 

which posits that system-related factors shape affective states that subsequently influence 

cognition (Moreno & Mayer, 2007). Over multiple sessions, especially when paired with 

retrieval practice, increased self-efficacy may eventually consolidate into stable knowledge 

gains. 

Although several studies report that cognitive load reduces engagement and performance in 

gamified settings (Baah et al., 2024; Su, 2015), our data showed no significant link between 

task load and motivation in either group. Two explanations are plausible. First, the instructional 

materials may have induced a moderate and relatively homogeneous workload, limiting 

variance and attenuating observable effects. Second, the NASA-TLX, as a global post-test-only 

measure, may capture overall workload effort but does not differentiate between extraneous and 

intrinsic cognitive load components more directly relevant for motivation (Sweller, 2011). 

Motivational mediation was strong in the video condition but absent in the game. One 

interpretation is that well-designed games embed feedback, challenge, and goals that route 

learning for prepared learners through cognitive channels, leaving less variance for motivation 

to explain in a single session. In contrast, non-interactive video requires usability-driven 

engagement to sustain attention and self-evaluation, thereby elevating self-efficacy even when 

knowledge gains are not yet detectable (Hamari et al., 2016; Liuyufeng Li et al., 2024). This 

refinement complements models that have treated motivation primarily as an outcome rather 

than as a functional mediator (Evans et al., 2024; Hu, 2008). 
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For game-based learning, instructional strategies should focus on pre-test-informed adaptivity 

to tailor content according to learners’ existing knowledge levels. Dynamic difficulty 

adjustment can ensure gameplay remains optimally challenging while accommodating 

individual differences in prior knowledge. Just-in-time scaffolds, including contextual hints, 

worked examples, and guided feedback, can help novices bridge knowledge gaps and make 

effective use of the interactive environment. Employing advance organizers to activate learners’ 

schemas before gameplay and incorporating post-play retrieval practice can further consolidate 

knowledge, ensuring that gameplay translates into meaningful gains. 

For video-based learning, emphasis should be placed on interface clarity to facilitate smooth 

navigation and reduce extraneous load. Features like pacing controls, captions, and intuitive 

navigation tools enhance usability and foster engagement. Incorporating signaling and 

segmenting principles, including visual cues and chunked content, can improve processing 

efficiency. Adding micro-interactions such as embedded quizzes and prompts encourages active 

engagement even within non-interactive formats. Pairing videos with spaced re-exposure 

strategies can ensure that gains in self-efficacy translate into knowledge acquisition and long-

term retention. 

This study contributes to theory by: (i) demonstrating medium-specific cognitive and 

motivational pathways; (ii) integrating pre-intervention measures into SEM, thereby improving 

causal interpretation and reducing bias from baseline differences (All et al., 2016); and (iii) 

showing that task load is not invariably predictive once usability and prior knowledge are 

modeled concurrently. These insights help reconcile divergent findings across the serious game 

literature and extend process-oriented accounts of digital learning. 

We acknowledge the modest sample, single-session exposure, and reliance on composite scores 

as limitations of our study. Although the measurement model exhibited acceptable fit and cross-

group invariance, longitudinal designs with session-level mediation, componential load 

measurement, and behavioral telemetry (e.g., clickstreams, dwell time) would clarify how 

motivational and cognitive pathways unfold over time. Comparing interactive, semi-interactive, 

and passive formats within a common design could further specify boundary conditions under 

which usability, task load, prior knowledge, and self-efficacy exert their strongest effects. 

Although the theoretical framework was based on latent constructs, the structural model was 

estimated using composite scores derived by averaging item responses. Prior to aggregation, 

CFA confirmed acceptable factor loadings, reliability, and convergent validity, supporting the 
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defensibility of this approach. The use of composites reduced model complexity and improved 

estimation stability given the moderate sample size. However, it is acknowledged that this 

approach does not fully account for measurement error and is methodologically closer to path 

analysis with observed variables than to a fully latent SEM. Future research with larger samples 

should estimate a fully latent structural model to enhance parameter precision and 

methodological rigor. 

6.9 Conclusion 

This study examined how prior knowledge, self-efficacy, usability, task load, and intrinsic 

motivation interact to shape learning outcomes across game-based and video-based 

instructional formats using a multi-group SEM approach. Our findings indicate distinct 

pathways: in game-based environments, learners’ prior knowledge was the strongest 

determinant of knowledge gains, whereas in video-based formats, usability-driven motivation 

significantly enhanced self-efficacy but had a limited direct effect on knowledge acquisition. 

Importantly, task load did not significantly predict motivation or learning outcomes in either 

medium, suggesting that well-designed interfaces may mitigate cognitive load. These findings 

advance theory by clarifying that motivational mediation is conditional, not universal. While 

video-based learning relies heavily on usability-driven engagement to bolster learner 

confidence, game-based formats appear to leverage cognitive schemas more directly, benefiting 

learners with higher baseline knowledge. This insight refines existing frameworks by showing 

that instructional features interact with learner characteristics to produce different cognitive and 

affective outcomes. Practically, these results highlight the need for modality-specific design 

strategies. Game-based learning should integrate adaptive scaffolds to support novices and 

maximize gameplay’s cognitive benefits, while video-based instruction should prioritize 

usability enhancements and retrieval-based reinforcement to convert motivational gains into 

durable knowledge improvements. Future research should adopt longitudinal and multi-session 

designs to track the stability of these pathways over time and investigate how interactive, semi-

interactive, and passive formats can be optimally combined. By uncovering medium-specific 

mechanisms, this study contributes both theoretical nuance and practical guidance for 

developing more effective digital learning environments. 
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Chapter 7 

Conclusion and Future Research 
 

This final chapter brings the journey of this research to a close. It draws together the insights 

gained from the systematic review (Chapter 3), the design and development of the serious game 

(Chapter 4), the experimental comparison (Chapter 5), and the structural modelling of learning 

mechanisms (Chapter 6). Returning to the original research aim and objectives, this chapter 

reflects on what has been achieved, what has been learned, and what remains uncertain. It 

highlights the key theoretical and practical contributions of the study, acknowledges its 

limitations with transparency, and outlines meaningful directions for future research.  
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Chapter 7: Conclusion  

7.1 Fulfilment of Research Aim and Objectives 

This thesis aimed to develop and evaluate a serious game to educate the general public in New 

Zealand about the sources, causes, and mitigation strategies of mold in homes. To fulfil this aim, 

four key research objectives were formulated: 

Objective 1: To explore the existing studies on the application gamification in air 

quality education using a systematic literature review approach. 

Objective 2: To develop and prototype a serious game that educates users about mold 

prevention through interactive storytelling approach. 

Objective 3: To evaluate the effectiveness of the serious game against video-based 

learning in improving knowledge acquisition, knowledge retention, motivation, self-

efficacy, behavior change, task load, and usability. 

Objective 4: To understand how learner factors and system-related factors predict 

learning outcomes and self-efficacy. 

The following sections present a summary of how each research objective was successfully 

addressed throughout the course of this thesis. 

7.1.1 Objective 1 

The results of the objective 1 are presented in Chapter 3. This study systematically reviews the 

application of gamification and serious games for air quality education, addressing a critical 

research gap in how the games are used to promote awareness of indoor and outdoor air quality 

(IAQ and OAP). Poor air quality remains one of the world’s major health and environmental 

challenges, contributing to millions of premature deaths annually and widespread respiratory 

illnesses such as asthma. While gamification has been applied successfully in other domains, 

its use in air quality education has not previously been comprehensively analyzed. Following 

PRISMA guidelines, the authors identified 19 eligible studies published between 2009 and 2023 

from databases including Scopus, Web of Science, and IEEE Xplore. The review employed the 

Octalysis Framework to classify motivational “core drives” and game elements, marking the 

first application of Octalysis in this domain. The selected studies were analyzed according to 

eight research questions addressing game context, learning objectives, participant profiles, 

delivery platforms, educational impacts, and applied psychological theories. 
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Results show that most gamified applications focused on indoor environments, particularly 

residential buildings and asthma management, while others addressed outdoor pollution 

awareness. The majority targeted children and adolescents, reflecting their vulnerability to air 

pollutants and receptiveness to game-based learning. Commonly used platforms included 

smartphones, tablets, and laptops, occasionally enhanced with AR or real-time environmental 

sensors. Sixteen distinct game elements were identified, with “points, quest lists, instant 

feedback, progress bars, and avatars” being the most frequently applied. The most dominant 

motivational drivers were development and accomplishment and empowerment through 

creativity and feedback, indicating that intrinsic motivation plays a central role in sustaining 

engagement. Overall, the reviewed studies reported positive outcomes in user engagement, 

awareness, and satisfaction, alongside significant improvements in environmental knowledge.  

However, challenges were noted, including limited interactivity, technical issues, and small 

sample sizes. Few studies employed established psychological or learning theories, such as 

Dewey’s experiential learning, the Theory of Planned Behavior, or Elaboration Likelihood 

Model, underscoring the need for stronger theoretical grounding in future designs. The study 

introduces the first taxonomy for gamification in air quality education, categorizing seven 

dimensions: platform, subject matter, learning goals, target audience, interaction mode, 

interface type, and motivational drive. This taxonomy provides a structured reference for 

developing and evaluating future educational games. The review concludes that gamification 

can effectively increase environmental literacy, motivation, and behavioral intention, 

particularly among youth audiences. It highlights opportunities for advancing immersive 

technologies (AR/VR), AI- and IoT-integrated learning, and larger-scale implementations 

through policy initiatives. By bridging environmental science and behavioral education, the 

study establishes a foundation for interactive, scalable, and theory-informed tools that foster 

healthier indoor environments and more sustainable urban living. 

7.1.2 Objective 2 

The results of the objective 2 are presented in Chapter 4. This study presents the design, 

development, and preliminary evaluation of a serious game aimed at educating the public on 

mold prevention in residential buildings. Mold, a prevalent indoor air contaminant in New 

Zealand homes, poses significant health risks due to poor ventilation, high humidity, and 

inadequate insulation. Recognizing the need for effective public education, this research 

integrates serious games and environmental health communication to raise awareness and 

promote behavioral change. The research followed a mixed-methods design, combining 
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prototype development, expert validation, and field evaluation. Learning objectives were 

structured according to Bloom’s Taxonomy, focusing on remembering, understanding, and 

applying knowledge related to mold hotspots, growth conditions, environmental parameters, 

and prevention strategies. Educational content was drawn from verified public sources, national 

housing standards, and on-site home investigations. Twelve experts in IAQ participated in semi-

structured interviews to validate the content, while six Auckland homes were visited to 

document real mold occurrences. 

The game was developed using Articulate Storyline 360, employing Octalysis-based mechanics 

such as points, progress bars, narrative, avatars, mentorship, instant feedback, and milestone 

unlocking. The design promotes sequential learning through four interactive levels, supported 

by a feedback gallery and a virtual assistant (“Mr. Grumpy Moldwell”). The prototype is 

accessible on PCs and mobile devices, combining 2D graphics, AI-generated audio narration, 

and user-friendly interfaces to ensure inclusivity. A single-arm experimental study with 60 

participants assessed knowledge acquisition before and after gameplay. The Wilcoxon signed-

rank test showed a statistically significant improvement in post-test scores compared with pre-

test scores, indicating a strong educational effect. Expert feedback further refined the optimal 

indoor conditions to 20–24 °C and 40–60 % RH, and highlighted nine key practical strategies 

(e.g., opening windows daily, venting dryers outside, using fans, and improving insulation). 

This research fills a critical gap in environmental health education by being the first to develop 

a serious game specifically targeting mold prevention. It demonstrates how gamified learning 

can effectively translate scientific knowledge into actionable home practices. The study 

concludes that serious games are powerful, scalable tools for promoting healthy housing, energy 

efficiency, and public health awareness. Future work should evaluate long-term behavioral 

outcomes, usability, and cross-cultural adaptability using controlled experiments and extended 

game mechanics such as AR/VR and IoT integration. 

7.1.3 Objective 3 

The results of the objective 3 are presented in Chapter 5. This study investigated the 

effectiveness of a serious game versus traditional video-based learning for educating the public 

on mold prevention in residential buildings. Indoor mold poses major health and durability risks, 

particularly in damp and poorly ventilated homes such as those common in New Zealand. While 

conventional educational media (e.g., brochures, videos) can raise awareness, they often fail to 

sustain motivation and long-term behavioral change. This research therefore explores 

gamification as a novel pedagogical tool for environmental health education. 
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A between-subjects experimental design was adopted with 120 adult participants randomly 

assigned to either the serious game or video-based learning condition. The serious game was 

developed using Articulate Storyline 360 and structured around Bloom’s Taxonomy 

(remember–understand–apply) and Octalysis gamification principles (points, feedback, 

milestones, and mentorship). Both interventions contained identical educational content about 

mold hotspots, growth conditions, optimal indoor temperature/humidity, and prevention 

strategies. Data were collected at three points—pre-test, post-test, and four-week retention—

and measured knowledge, intrinsic motivation, self-efficacy, system usability, task load, and 

behavioral change. 

Statistical analyses using Wilcoxon and Mann–Whitney U tests revealed that both interventions 

significantly improved knowledge immediately after learning; however, only the game group 

retained knowledge after four weeks, showing a medium-to-large effect size. The game group 

also demonstrated higher intrinsic motivation and greater perceived system usability, as well as 

lower cognitive task load, indicating enhanced engagement and smoother learning. Both groups 

achieved comparable self-efficacy gains post-test, but the video group’s self-efficacy declined 

over time while the game group maintained theirs. Despite slightly higher behavioral-change 

scores in the game condition, no significant between-group difference emerged at the four-week 

follow-up, underscoring that knowledge and motivation alone may not translate into sustained 

behavioral change without reinforcement. 

Overall, the study concludes that serious games are effective for enhancing knowledge retention, 

engagement, and user experience in mold prevention education, whereas video learning may 

yield faster short-term behavioral responses. The findings highlight the value of integrating 

gamified, interactive methods into public health and housing-education programs. Future work 

should extend retention periods, include objective behavioral measures (e.g., home audits), and 

test diverse demographic settings to improve external validity. 

7.1.4 Objective 4 

The results of the objective 4 are presented in Chapter 6. This study examined how learner-

related (knowledge and self-efficacy) and system-related factors (usability, task load, and 

intrinsic motivation) predict learning outcomes in two digital learning media: serious games 

and video-based instruction. Grounded in the SDT and Cognitive Load Theory, the research 

explores whether the mechanisms underlying learning effectiveness differ between interactive 

and passive formats. A total of 110 undergraduate students were randomly assigned to either a 

game (n = 56) or video (n = 54) condition. Both interventions delivered identical educational 
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content on mold prevention but differed in their interactivity and user engagement features. 

Participants completed pre- and post-tests measuring knowledge and general self-efficacy, as 

well as post-tests assessing intrinsic motivation (IMI), task load (NASA-TLX), and usability 

(NMSUS). Data was analyzed using multi-group Structural Equation Modeling (SEM) with 

2,000 bootstrapped samples in AMOS to test eight hypothesized pathways. 

Results reveal that learning mechanisms were media specific. In the game condition, pre-test 

knowledge strongly predicted post-test knowledge (β = 0.48, p < .001), suggesting that 

interactive learning primarily benefits learners with higher prior knowledge. Neither usability 

nor motivation significantly predicted post-test outcomes. In contrast, in the video condition, a 

strong usability → motivation → self-efficacy pathway emerged (β = 0.77 and β = 0.72, 

respectively), indicating that well-designed interfaces can enhance motivation and confidence 

in passive learning. Task load did not significantly affect learning outcomes in either group. 

These findings underscore that games and videos engage distinct cognitive and motivational 

routes. Serious games support schema activation and cognitive integration, while video-based 

learning depends on usability-driven motivational arousal to sustain engagement and self-

efficacy. The study provides empirical evidence that medium characteristics moderate the 

predictive relationships among cognitive, motivational, and performance constructs. 

The research concludes that serious games are effective tools for deep knowledge construction, 

whereas videos may serve better for confidence-building when usability and interface quality 

are high. The study contributes to the literature on digital pedagogy by clarifying the differential 

predictive pathways in multimedia learning environments and offers insights for designing 

tailored educational technologies that balance usability, cognitive demand, and intrinsic 

motivation. 

7.2 Research Contributions  

7.2.1 Significance of the Study 

To date, a comprehensive exploration of the educational applications of gamification in the 

context of air quality is lacking in the existing literature. The significance of this study lies in 

its exploration of gamification as an innovative and alternative approach to addressing the 

paramount issue of indoor mold in residential buildings. With indoor air pollution posing severe 

threats to human health, causing respiratory problems (i.e., asthma management) and 

cardiovascular diseases, and contributing to environmental degradation, the need for effective 

educational tools becomes crucial.  



 

158 

 

Through our systematic literature review, it has come to our attention that there is a notable gap 

in existing studies. Specifically, no studies that have focused on mold prevention strategies, so 

this is the first attempt to develop and measure the effectiveness of a serious game in the subject 

matter to assess users’ knowledge and behavioral change compared with traditional training. 

This gap in the literature presents an opportunity for this study to contribute novel insights into 

the educational potential and impact of serious games in knowledge acquisition and behavioral 

change, filling a void in current research.  

Although a growing body of research has investigated the application of serious games in 

various topics, there remains a critical gap in the literature regarding their use for mold 

prevention in residential buildings. Mold growth is a significant public health issue, especially 

in regions with high humidity or inadequate ventilation, like New Zealand, and it is closely 

linked to poor indoor environmental quality and occupant behavior. Despite the clear relevance 

of this topic to health and sustainability goals, no existing studies have focused on designing, 

implementing, or evaluating serious games as a means of educating the general public about 

mold risks and prevention strategies. This research addresses that gap by developing and 

assessing a serious game aimed at enhancing awareness, knowledge, and behavior related to 

mold prevention. The research presented is also aligned with the following Sustainable 

Development Goals (SDGs): 

Good Health and Well-being (#3) Target 3.9: By 2030, substantially reduce the number 

of deaths and illnesses from hazardous chemicals and air, water, and soil pollution and 

contamination. The study recognizes the severe threats posed by air pollution to human 

health, specifically addressing respiratory problems like asthma and cardiovascular 

diseases. The goal is to contribute to reducing the adverse health impacts associated 

with air quality issues, aligning with the objective of Target 3.9. 

Sustainable Cities and Communities (#11) Target 11.6: By 2030, reduce the adverse per 

capita environmental impact of cities, including by paying special attention to air quality 

and municipal and other waste management. The study highlights the significance of 

investigating the educational potential of architectural elements, such as windows, in 

influencing indoor environments. This aligns with the broader goal of creating 

sustainable and resilient cities, specifically addressing the adverse environmental 

impact, including a focus on air quality. Target 11.6 emphasizes the importance of 

considering air quality in urban settings, which resonates with the study's exploration of 

architectural features in the context of air quality education. 
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7.2.2 Theoretical Contributions 

This research makes theoretical contributions to the interdisciplinary fields of gamification and 

the built environment. It advances theoretical understanding by developing and empirically 

validating a conceptual framework that integrates learner-related factors (such as prior 

knowledge and self-efficacy) with system-related factors (including usability, task load, and 

intrinsic motivation) to explain knowledge gain in digital learning environments. The model 

articulates the mechanisms through which game environments enhance knowledge gain and 

retention, motivation, and confidence in learning. This integration represents a novel 

contribution to educational technology literature, as few prior studies have simultaneously 

examined these constructs within an environmental health context and no studies have 

examined the impact of serious games to educated public on mold prevention.  

A further theoretical advancement lies in the application and extension of the Octalysis 

Framework within the environmental education domain. The study demonstrates that 

Octalysis’s core drives, including empowerment, meaning, and ownership, are not only relevant 

but critical for sustaining user engagement. By mapping these motivational drives to specific 

game mechanics, the research bridges a gap between abstract gamification theory and its 

functional implementation in the built environment. In doing so, it offers an empirically 

grounded structure for understanding how intrinsic and extrinsic motivations converge in 

serious games aimed at social good. 

The thesis also contributes to theory by providing empirical evidence of differential learning 

mechanisms between interactive and non-interactive media. Using multi-group SEM, it 

identifies distinct pathways of influence: while prior knowledge drives post-learning outcomes 

in game environments, usability and motivational appeal are more predictive in video-based 

learning. This dual-path discovery advances our theoretical comprehension of media-specific 

learning processes and highlights the moderating role of interactivity. Such findings refine 

existing cognitive and motivational models, suggesting that media affordances themselves 

shape learning pathways, thereby enriching our theoretical understanding of how digital media 

can be strategically designed to maximize educational impact. 

Finally, the research contributes a taxonomy for serious games in air-quality education, 

synthesized from a systematic literature review of global studies. This taxonomy classifies prior 

work based on learning goals, game mechanics, user demographics, and technological 

platforms, establishing a foundational reference for future scholars investigating gamified 

environmental literacy. Collectively, these theoretical contributions deepen the understanding 
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of how motivation, cognition, and interaction intersect within gamified systems. It offers a 

conceptual model that can be generalized beyond mold prevention to broader fields. 

7.2.3 Practical Contributions 

The findings of this research offer several practical implications for stakeholders involved in 

environmental health education and digital learning design. Overall, the results suggest that 

serious games should not be viewed merely as engagement tools but as structured learning 

environments whose effectiveness depends on pedagogical alignment, usability quality, and 

opportunities for reinforcement. Translating these insights into practice requires tailored actions 

from different professional groups. 

For game designers, the results highlight the importance of prioritizing meaningful learning 

interaction over superficial gamification features. The observed advantage in knowledge 

retention within the game condition suggests that structured interactivity and timely feedback 

are central to learning durability. Designers should therefore focus on aligning gameplay tasks 

explicitly with learning objectives, implementing progressive challenge structures, and 

providing immediate formative feedback following user decisions. The findings also indicate 

the importance of managing cognitive load through clean interface design and avoiding 

unnecessary visual complexity. In the context of residential mold education, scenario-based 

simulations that reflect realistic household situations appear particularly valuable. Importantly, 

the results caution against over-reliance on points and rewards alone, as usability and 

instructional alignment emerged as more influential drivers of learning outcomes. 

For educators and training providers, the study demonstrates that serious games can function 

effectively as complementary instructional tools, particularly for enhancing learner motivation 

and supporting longer-term knowledge retention. However, the comparable behavioral 

intention outcomes between the game and video conditions suggest that gameplay alone may 

not be sufficient to produce sustained behavioral change. In practice, serious games may be 

most effective when integrated into blended learning strategies that include guided reflection, 

facilitated discussion, or follow-up reinforcement activities. Educators may particularly benefit 

from deploying serious games with audiences who have low prior knowledge or limited 

engagement with traditional materials, as interactive scaffolding appears to support these 

learners more effectively. Positioning the game as a preparatory or reinforcement tool, rather 

than a standalone intervention, is likely to yield stronger educational impact. 
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For policymakers and housing authorities in New Zealand, the findings indicate that serious 

games represent a promising and scalable mechanism for public education on indoor air quality 

and mold prevention. Nevertheless, the evidence also suggests that digital education tools 

should be embedded within broader intervention ecosystems rather than implemented in 

isolation. Policymakers could consider incorporating validated serious games into Healthy 

Homes initiatives, tenant education programs, and public awareness campaigns. Supporting 

partnerships between researchers, public health agencies, and housing organizations will be 

important to ensure that educational content remains evidence-based and contextually relevant. 

At the same time, the results reinforce that awareness tools alone are unlikely to drive large-

scale behavioral change without complementary structural improvements in housing quality 

and regulatory enforcement. 

For health professionals and public health practitioners, the serious game developed in this 

research offers a practical resource for strengthening environmental health literacy among at-

risk populations. Given the strong motivational and usability responses observed, interactive 

serious games may be particularly useful for engaging households that are less responsive to 

traditional brochures or verbal advice. Health practitioners could integrate serious game 

modules into asthma education programs, community outreach initiatives, and home health 

visits to help families better understand mold risks and prevention strategies. However, 

consistent with the behavioral findings of this study, professionals should monitor whether 

knowledge gains translate into actual household practices and consider pairing digital education 

with personalized guidance where possible. 

7.3 Research Limitations 

Despite its contribution, this research has several limitations that should be addressed in future 

research.  

First, the experimental phase involved participants primarily recruited from the Auckland 

region using a convenience sampling approach. Although this provided a representative sample 

of the general public, the findings may not fully capture the experiences of individuals from 

other regions or cultural backgrounds within New Zealand. In future studies, expanding the 

sample to include more diverse demographic and geographic groups would strengthen the 

generalizability of the results. 

Second, this study used validated instruments such as the IMI, TLX, NMSUS, and GSE to 

evaluate psychological constructs. However, these rely on self-reported perceptions, which may 
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be subject to interpretation bias or temporary mood effects. While such measures are standard 

in educational psychology, combining them with observational or behavioral data in future 

work could offer a more comprehensive evaluation of learning outcomes. 

Third, the serious game prototype was developed using Articulate Storyline 360, which 

provided a practical and accessible development platform but limited the inclusion of more 

immersive and interactive features such as adaptive feedback. Despite these constraints, the 

game effectively demonstrated how interactivity and motivational design enhance learning. 

Future improvements to the prototype could integrate higher-end technologies, such as virtual 

and augmented reality, to extend engagement and realism. Another notable limitation 

concerning the developed prototype lies in the selection of game elements and mechanics. 

Although these were primarily informed by the Octalysis framework and its application in 

previous studies, their selection was also influenced by somewhat subjective judgments 

regarding their perceived effectiveness. As such, the use of alternative elements or mechanics 

would result in a substantially different gameplay experience. This, in turn, would influence 

participants’ performance across the evaluated measures (e.g., knowledge, self-efficacy, 

usability, etc.), potentially leading to either improved or diminished outcomes. 

Fourth, the serious game and associated assessment instruments were delivered exclusively in 

English. While this reflects the dominant language of public communication in New Zealand, 

it may have influenced comprehension and engagement among participants who are non-native 

English speakers or who have limited English proficiency. Language barriers could potentially 

affect how instructions, feedback, and educational content are interpreted, thereby influencing 

measured learning outcomes. Future research should consider multilingual versions of the game 

and culturally responsive adaptations to ensure broader accessibility and to better reflect the 

linguistic diversity of New Zealand households. 

Another limitation relates to the contextual specificity of the developed serious game. The 

educational content, scenarios, and environmental assumptions were deliberately designed 

around New Zealand housing conditions, climate patterns, and common residential practices. 

While this localization strengthens ecological validity within the New Zealand context, it may 

limit the direct transferability of the game to other climatic regions, housing typologies, or 

cultural settings. Differences in building construction, ventilation practices, occupant behavior, 

and climate-related moisture dynamics could influence both the relevance of the scenarios and 

the effectiveness of the intervention. Future research should therefore examine cross-context 
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adaptation and validation of the game in different geographic and cultural environments to 

assess its broader applicability. 

Last but not least, the retention period in this study was limited to four weeks, which offered 

valuable insights into short-term knowledge retention. As such, longer-term, longitudinal 

studies are needed to examine whether increased knowledge and motivation translate into 

sustained real-world behavioral change in household mold prevention.  

7.4 Recommendations and Future Directions  

The findings of this research reveal substantial potential for serious games as innovative and 

alternative educational approaches, particularly in the context of IAQ and mold prevention. 

However, several future directions are recommended to extend the scholarly, methodological, 

and societal impact of this work. These recommendations are organized around research 

development, technological advancement, scalability, and policy integration. 

7.4.1 Research Development 

Future research should aim to replicate and extend the present findings using larger, more 

diverse participant samples across different demographics, housing types, and cultural contexts. 

This would improve the generalizability and external validity of the results, particularly given 

the current study’s controlled experimental setting. Longitudinal studies are also recommended 

to assess sustained behavioral change, not only immediately following the intervention but over 

several months or seasonal cycles, when mold-related conditions vary. Future experiments may 

incorporate objective indicators, such as environmental sensors or photographic evidence of 

user actions (e.g., improved ventilation, reduced humidity), to triangulate self-reported 

behavioral outcomes. 

In addition, future research could move beyond cognitive outcomes to examine the actual 

behavioral impact of serious games. It would be valuable to investigate whether and how 

players apply the knowledge and skills acquired from the game in their everyday household 

practices and to identify the barriers and facilitators that influence the translation of learning 

into action. Understanding this knowledge–behavior gap is crucial, as individuals may 

recognize and comprehend recommended practices yet still fail to adopt them due to factors 

such as habit, perceived effort, social norms, or environmental constraints. Longitudinal and 

mixed-method approaches could provide deeper insights into the persistence of behavioral 

change over time and the contextual conditions that support or inhibit it. 
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Moreover, future studies could explore potential mediating variables that shape the 

effectiveness of serious games, such as emotional engagement, perceived realism, and social 

interaction. Employing advanced analytical techniques would enable the examination of time-

based and contextual effects. Comparative studies could also test hybrid learning ecosystems 

that combine serious games with complementary technologies, including mobile reminders, 

augmented-reality simulations, or smart-home feedback systems. Such integrated digital 

environments would not only strengthen behavioral reinforcement but also help bridge the 

critical gap between awareness and sustained action toward healthier and more sustainable 

living. 

7.4.2 Technological and Pedagogical Advancement 

From a technological perspective, future versions of the serious game could benefit from greater 

interactivity and personalization. Adaptive algorithms may be incorporated into tailor difficulty 

levels, feedback, and learning pathways according to the learner’s prior knowledge and self-

efficacy levels. Incorporating 3D visualization, AR/VR immersion, or IoT data feeds could 

provide users with more dynamic and context-sensitive learning experiences. Pedagogically, 

the game can be expanded to support collaborative learning where users interact in simulated 

community environments to solve collective IAQ challenges, reinforcing social learning and 

peer engagement. To increase accessibility and inclusion, future development should explore 

multi-lingual interfaces, offline capability, and cross-platform functionality (mobile, tablet, and 

web-based). These improvements would enhance usability among diverse populations,  

including low-income or rural households where technological access may be limited. 

Embedding national design principles (e.g., Māori) and cultural narratives could also make the 

game more resonant and authentic. 

7.4.3 Scalability and Implementation Potential 

Future research could explore how the serious game developed in this study can be scaled and 

integrated into real-world educational and policy settings. One direction would be to examine 

its adoption through national and local initiatives such as governmental education campaigns, 

community health programs, or building performance schemes like Warmer Kiwi Homes and 

the Healthy Homes Standards. Further investigation should consider both barriers and enablers 

to large-scale implementation, with attention to accessibility, platform scalability, cultural 

adaptability, and cost-effectiveness across New Zealand’s diverse communities. Collaboration 

with key stakeholders, including representatives from MBIE, BRANZ, Auckland Council, and 

public health agencies, would help identify the institutional, financial, and logistical factors that 



 

165 

 

influence successful deployment. In addition, conducting a market feasibility or policy-

alignment study could clarify potential pathways for commercialization, public licensing, or 

open-access dissemination. 

Future studies might also examine how the game framework could be adapted to other 

environmental or sustainability topics such as ventilation literacy, energy efficiency behaviors, 

or moisture management. Exploring modular design updates, localized content, and gamified 

feedback mechanisms would support broader applications beyond mold prevention. Extending 

the platform in this way could transform it into a national digital infrastructure for 

environmental learning, capable of hosting multiple thematic modules and supporting 

community-wide education for healthier and more sustainable living. 

7.4.4 Policy and Practice Integration 

At the policy level, future work should focus on integrating game–based learning into national 

housing education strategies and community engagement programs. The findings underscore 

the need for evidence-based educational tools that complement regulatory frameworks with 

proactive, user-centered learning resources. The developed game, once scaled and refined, 

could be incorporated into the Healthy Homes certification process, energy audits, or school-

based sustainability curricula. Collaborative partnerships between universities, government 

agencies, and community organizations would enable a sustainable pathway for implementation 

and evaluation. Finally, to ensure enduring societal impact, it is recommended that future 

initiatives establish monitoring and evaluation frameworks for measuring long-term behavioral 

and health outcomes resulting from serious game interventions. By embedding data analytics, 

periodic user assessments, and participatory design cycles, policymakers and researchers can 

ensure that these tools remain responsive, inclusive, and aligned with evolving public needs. 

Ultimately, this thesis advances the built environment by shifting mold-prevention education 

from passive information dissemination to active experiential learning. It demonstrates that 

IAQ literacy can be strengthened not through warnings or leaflets, but through meaningful 

interaction, personal agency, and cognitive engagement. In doing so, this work offers an 

evidence-based blueprint for transforming public education on indoor health risks, empowering 

individuals to understand, anticipate, and prevent mold-related hazards in their own homes. 
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Appendix A: Summary of the eligible articles 

Source Q1 Q2 
Q3 

Q4 Q5 Q6 Q7 Q8 
Profile N 

(Niemeyer et al., 

2009) 

IAP 

(Classrooms) 

Educating on the impact 

of air pollution on the 

environment and how 

they can positively 

change their 

environment 

High school 

students 
37 

Various roles and teams, social 

interactions, different in-game 

activities, 

A wireless cell phone-based 

real-time air quality monitoring 

device 

Overall positive feedback N/A 

John Dewey 

Theory: Play 

and Work in the 

Curriculum 

(Leonardi et al., 

2014) 
IAP and OAP 

To raise users’ 

understanding of their 

general exposure to 

pollutants 

Adults (parents of 

children aged 

zero to ten years) 

80 Real-time feedback 

A smartphone crowdsensing 

service containing 

environmental data and a web 

application to visualize the data 

Curiosity was increased, leading to raising 

the citizen's motivation and awareness. 
N/A N/A 

(Pokric et al., 2015) IAP (General) 

To teach users about air 

pollution and its effect 

on human health 

Professional 

employees 
23 

Scores, choosing an avatar, points 

and awards, leaderboard 

A non-immersive serious game 

application for smartphones, 

using real-time data monitoring 

Positive feedback on simplicity for AR 

development, usability, available features 

and usage simplicity. It is reported that the 

game was entertaining 

More tutorials are needed N/A 

(Carducci et al., 

2016) 

IAP and OAP 

(Virtual 

environment) 

To promote knowledge 

about air pollution and 

air quality, health 

effects, policies against 

pollution, and healthy 

lifestyles 

Primary school 

children 
266 

Storyboard, choose a player (boy or 

girl), multiple levels, score and 

score reduction, objectives 

Cartoon and videogames for 

PC 

 

The video games were useful, 

understandable, simple, fun, and 

educational for children. Children reported 

enjoying the games, with 60% stating that 

they learned something after playing. 

Additionally, pre- and post-assessments 

were conducted to measure changes in 

knowledge and perception. Post-

assessment results showed a 1.40% 

improvement in knowledge related to 

educational activities 

N/A N/A 

(Thomson et al., 

2017) 

Home IAQ 

monitoring 

(General) 

To improve users’ 

understanding of asthma 

clinical outcomes 

Children aged 

seven to twelve 

years 

4 

Reminders, Feedback, Personalized 

character and avatar, Rewards and 

prizes, Task completion, answering 

questions, Secret code, Space 

locker, taking photos for postcards, 

Daily missions, Picking a name 

 

A serious game involving a 

tablet application equipped 

with air quality monitors and 

spirometers 

Users’ engagement was improved; children 

rated the app as somewhat fun and helpful, 

but the exploration within the game was 

enjoyable 

Non-portable air quality device has 

impacted on the gameplay features 
N/A 

(Grossman et al., 

2017) 

IAQ and 

asthma control 

(Home) 

Encouraging the habit 

of daily asthma control 

to become routine 

behavior over time by 

educating them about 

the importance of air 

quality 

Trainees aged 

eleven to sixteen 

years 

12 

Customizable avatar, scorecard, 

monetary award (to spend on 

Google Play), reminder, milestone 

or objective, dialogue box, rules, 

punishment, view their 

counterpart's score (like a 

competition), immediate feedback. 

Badge 

A smartphone application 

integrating with a dose counter 

spirometer 

N/A 

Design limitation (positioning of the 

flashing light indicator and its visibility 

due to the plastic shell's opacity), lack of 

sturdiness of the dose counter, functional 

limitation occurring with rewards led to 

user frustration and mistrust due to 

unfulfilled app actions, communication 

errors between the dose counter and the 

app and the study faced a logistical 

limitation related to trainees' access to 

electricity 

Captology and 

Elaboration 

Likelihood 

Model 

(Bosello et al., 2020) OAP (General) 

To inform users about 

the importance of air 

quality and their 

exposure to air pollution 

Adult 2 

Motivations (fun and value), level 

and experience, achievements, 

registration and login, unlocking of 

achievements and position icons 

A bicycle-based crowdsensing 

system, including real-time 

data collection with a web 

application for a smartphone 

Positive users’ engagement N/A N/A 

(Teles et al., 2020) 

OAP 

Visualizing 

(Virtual world) 

To raise users’ 

awareness of air 

pollution 

Adults and young 

adults 
30 

Sitting on the bus as a passenger or 

by driving it, tasks, choosing 

different animated buses, tutorials, 

and help, two driving modes, text a 

non-text air pollution data 

visualization, teleport option 

A serious game designed for 

laptops (plus keyboard and 

mouse), in which animated 

buses can trace the movements 

of real buses using GPS 

technology and collect real-

time data based on the actual 

city plans and buildings 

configuration 

Usage success rate, satisfactory task 

completion times, positive user experience, 

increased user engagement, and overall 

positive results about objective and 

subjective analysis 

It lacks a rich narrative and a poor interface 

design 
N/A 
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(Campana & Xavier 

Dominguez, 2020) 

IAP 

visualization 

tool (General) 

To increase users' 

awareness and 

understanding of air 

pollution as well as 

teach them about 

potential risks 

Senior high 

school students 
10 

Filter options, information button, 

particles scale and risk buttons, 

rural, pause and play option 

An immersive serious game for 

tablets or smartphones with 

real-time PM measurements 

Usability and feasibility were confirmed, 

sparking curiosity and generating positive 

feedback 

NA N/A 

(Varnavsky, 2020) OAP (General) 

To increase social 

responsibility in 

environmental processes 

on air pollution 

Undergraduate 

student 
70 N/A 

A smartphone environmental 

application connecting to 

online environmental 

information about air pollution 

Using smartphone environmental 

applications could increase trainees’ social 

responsibility 

N/A N/A 

(Delmas & Kohli, 

2020) 

IAP and OAP 

(General) 

To educate on how to 

protect themselves 

against air pollution and 

promote changes in 

protective behavior 

Ranged from 

eighteen to sixty-

five years 

99 Tomorrow’s forecast, prize, 

A smartphone application 

integrating with the real-time 

data collection device 

User experience was positive, and the 

application increased their understanding 

of air pollution 

N/A 

Theory of 

Planned 

Behavior and the 

Theory of Issue 

Engagement 

(Mahajan et al., 

2020) 

IAP and OAP 

(General) 

To enhance users’ 

understanding of air 

pollution 

People ranged 

from eighteen to 

seventy-five 

years 

25 

Storytelling sessions, playing with 

the joystick-based console, 

collaboration, 

Conventional technique: 

interactive web application air 

quality quizzes played with a 

computer or laptop with offline 

questionnaires and low-cost air 

quality monitoring sensors 

(+workshops) 

The users’ feedback regarding the tool was 

positive, awareness was raised, and the 

tools were engaging 

N/A NA  

(Ling et al., 2021) 
Monitoring 

IAQ 

To promote users’ 

knowledge about air 

pollution 

Teenagers and 

youths 
80 

The editable main character, 

integrating a mini game 

A serious game application for 

smartphones, including a 

sensor node for data collection 

The feedback of willingness to use the 

application was positive by 60 % of the 

trainees. 

NA NA 

(Relvas, 2021) 
IAP and OAP 

(Virtual world) 

To raise perception 

about air pollution and 

learn the possible causes 

of air pollution 

Elementary 

students 
20 

The main character explains to the 

player Different non-player 

characters, Different game features, 

the Player’s objectives, Dialogue, 

Guidance, 

A serious game application for 

a laptop or PC 

 

The post-assessment showed the children’s 

perception was significantly improved. 

Some bugs were appearing while playing 

the gameplay (the pause button did not 

work properly) 

NA 

(Shabanabegum et 

al., 2021) 

IAP 

monitoring 

(Home) 

To support users with 

asthma by monitoring 

and improving IAQ 

Children aged 

eight to twelve 

years 

12 
Chatbot, List of action items 

(recommendations), 
An application for smartphones 

The children had little or no knowledge 

about IAP and how it affects their asthma. 
NA NA 

(Kim et al., 2021) IAP (Home) 

To help users track their 

asthma condition and 

remind them about 

using a spirometer 

Children aged 

eight to twelve 

years 

12 

Pick different emojis and 

personalized characters, track the 

history of the monitored 

information, provide Guidance, use 

Chatbot to answer questions, 

Smartphone application with an 

IAQ sensor and a spirometer 
NA NA NA 

(Kim & Sohanchyk, 

2022) 

IAQ data 

visualization 

(Home) 

To raise understanding 

about IAQ 

Children aged 

seven to ten years 
9 

Suggests proper actions, an 

animated narrative cat 

An application for tablets 

which consist of real-time IAQ 

data 

Positive initial interaction and feedback, as 

well as parents’ involvement, was 

increased 

NA NA 

(S. Kim et al., 2022) 

IAQ data 

visualization 

(Home) 

To help users with 

asthma by improving 

IAQ  

Children aged 

eight to twelve 

years 

7 
Chatbot, list of recommendation 

actions, 

An application for smartphones 

interacting with real-time IAQ 

data 

Initial impressions of the graphical 

interface were positive, and it was an 

effective tool for pediatric patients to check 

and confirm the source of an 

environmental asthma trigger. However, 

trainees reduced app use due to a lack of 

interactivity and fun. 

NA NA 

(J. Fernandes et al., 

2023) 

IAP (Home, 

bedroom) 

To improve users’ 

knowledge about IAP 

Elementary 

school children 
27 

Collaboration, Tutorial, Objectives, 

content, A non-playable character 

(to guide and hint), Scores and 

feedback, Users can choose the 

role, 

A non-immersive serious game 

designed for laptops interacting 

with physical real-time sensor 

nodes 

Results showed that knowledge was 

improved by about 50%. Satisfaction and 

usability and questionnaire of opinion and 

preference were also assessed 

Technical issue related to AR 

implementation (tracking the markers) 
NA 

IAP: Indoor Air Pollution 
 



 

168 
 

Appendix B: Definition and usage of the retrieved game elements used within the eligible articles 

Game 

elements (A to 

Q) 

Definitions Usage in the eligible papers Sources 

Narratives (A) 
It offers players context about the games, providing a 
foundation to seamlessly introduce a compelling story 
(Chou, 2015, pp. 80-81). 

“An introductory video was shown to illustrate the main 
educational content of the games to the children.” 

(Carducci et al., 
2016, p. 250) 

“The scientist evaluates and explains to the player, via the 
main character, the possible causes regarding the air 
quality being displayed by each sensor placed in the 
several zones in the city” and “A set of dialogue teaching 
participants about pollution.” 

(Relvas, 2021, 
p. 16) 

“When we asked the participants to describe their 
experiences of using inAirKids during the early phase of 
the study, many dialogues were made from or reflected 
from the perspective of the animated cat on inAirKids.” 

(Kim & 
Sohanchyk, 
2022, p. 6) 

“To guide the experience and reinforce its didactic content, 
a non-playable character (NPC) was created. The NPC 
was a scientist, graphically represented with sprites, who 
appears only in key moments of the experience.” 

(J. Fernandes et 
al., 2023, p. 13) 

LevelUp (B) 

This refers to a condition in which, once players level up, 
they can acquire a new set of skills while they are playing 
(Chou, 2015). Levelling up is an application linked to 
player progress within a game in which players earn or 
unlock incentives associated with each level once they 
have acquired the necessary experience points (McFarland, 
2020, p. 117). 

“The first game was developed at multiple levels. The first 
level was set in the city.” 

(Carducci et al., 
2016, p. 252) 

“Unlocking of achievements and position icons according 
to distance travelled and point of interests visited.” 

(Bosello et al., 
2020, p. 3) 

Quest Lists (C) 
Refers to a specific task, mission, or objectives players 
undertake in a game (Naraghi-Taghi-Off et al., 2020). 

“The child earns rewards for completing tasks and 
answering questions required by the clinical protocol.” 
And “Fig. 6 describes some sample interactions of daily 
missions involving the 3 planets and these activities.” 

(Thomson et 
al., 2017, pp. 3, 

4) 

“…the in-game objectives and scoring system will induce 
the need to explore the remaining objects further to 
discover how to use them and which ones produce gases.” 

(J. Fernandes et 
al., 2023, p. 8) 
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“…the “how to play” button, which shows a panel with 
text explaining what is happening in the city and the 
player’s objectives.” 

(Relvas, 2021, 
p. 21) 

“The higher the intuitiveness of the tool, the better users 
can focus their cognitive effort on the primary task (e.g., 
planning the next vacations)…” and “Participants had to 
complete each task without being helped and without time 
limit,…” 

(Teles et al., 
2020, pp. 4, 12) 

“Other messages are displayed as encouragement when 
certain milestones are missed.” 

(Grossman et 
al., 2017, p. 54) 

Step-by-Step 
Tutorial (D) 

The tutorial is a feature that aids the learning process, 
giving instructive content in video games to familiarize 
players with the gameplay (Andersen et al., 2012; Cao & 
Liu, 2022). 

“To help the user exploring all available features…a set of 
embedded tutorials inspired by in-game tutorials is 
available, as well as a help button.” 

(Teles et al., 
2020, p. 9) 

“When beginning to play, participants also had a game 
tutorial to comprehend the controls and goals better when 
they started playing it.” 

(Relvas, 2021, 
p. 37) 

“…all apps offered informational content to encourage 
users to make beneficial, real-life changes.” 

(Kim et al., 
2021, p. 5) 

“…a small tutorial presented at the beginning of the 
gaming experience…” 

(J. Fernandes et 
al., 2023, p. 13) 

Points (E) 
Points refer to tokens that users can collect, which can be 
used as status indicators or to spend on virtual goods or 
gifting (Huang & Hew, 2015). 

“The collection of trees increase the user’s score” and 
“The child with his avatar must collect the positive 
elements to increase the score…” 

(Carducci et al., 
2016, p. 252) 

“The child earns rewards for completing tasks and 
answering questions required by the clinical protocol” and 
“Space Locker: the child was able to accumulate prizes 
and postcards from visiting alien worlds and store them in 
the space locker.” 

(Thomson et 
al., 2017, p. 3) 

“The closer the guess is, the more points are awarded.” 
(Pokric et al., 
2015, p. 12) 

“The gamified experience comprises a scoring system, 
which rewards the user whenever gases or particles are 
directed to the window.” 

(J. Fernandes et 
al., 2023, p. 13) 



 

170 
 

“The scorecard at the bottom of the screen is updated as 
soon as the app receives a transmission…depending on the 
scoring rules...” 

(Grossman et 
al., 2017, p. 54) 

Leaderboard 
(F) 

It is a game element where you rank users based on a set 
of criteria influenced by the users’ behaviors towards the 
Desired Actions. Even though Leaderboards are meant to 
motivate people and bring in status, if mis designed, they 
often do the exact opposite (Chou, 2015, p. 119). 

“…a high score leader board visible to all players is 
generated.” 

(Pokric et al., 
2015, p. 12) 

Progress Bar 
(G) 

A progress bar is a visual game mechanic representing a 
player’s advancement toward a specific goal or task 
completion (Kosyakoff, 2024). 

“…all apps provided the features to track the history or 
trend of the monitored information.” 

(Kim et al., 
2021, p. 5) 

Win Prize (H) 

Win Prize refers to a gaming element where users or 
players can receive rewards or incentives upon achieving a 
specific goal, completing a challenge, or reaching a 
designated level of accomplishment within the game 
(Chou, 2015). 

“In the initial design, the participant was given a monetary 
award of $0.50, which was later changed to $1.00 to better 
motivate users. The amount was added to the scores on the 
trading card…” 

(Grossman et 
al., 2017, p. 55) 

“…a prize tab that incentivizes people to respond to daily 
survey questions…” 

(Delmas & 
Kohli, 2020, p. 

284) 

Instant 
Feedback (I) 

In gamification, feedback refers to the immediate and 
visible responses users receive from other users or experts, 
raising a sense of encouragement. This instant feedback 
mechanism intuitively enhances the user’s perception of 
success and accomplishment (Chou, 2015). 

“The application is configured as an Android widget and 
provides real-time feedback with three layouts.” 

(Leonardi et al., 
2014, p. 1052) 

“This intends to be a simple way of providing feedback and 
assigning tasks to users, encouraging them to…” 

(J. Fernandes et 
al., 2023, p. 13) 

“Aspira allows families to continuously monitor indoor air 
quality on their own…” and “We expect the real-time, 
objective feedback about indoor air quality to overcome 
knowledge barriers…” 

(Thomson et 
al., 2017, p. 1) 

“This immediate positive feedback of scoring a basket and 
receiving $0.50 to spend at the Google Play store 
motivated them to…” 

(Grossman et 
al., 2017, p. 55) 

“ a chatbot placed at the bottom left corner of the 
navigation bar. It answers questions regarding air quality 
and asthma in…” 

(Kim et al., 
2021, p. 6) 

“a chatbot to ask any question relating to IAQ and asthma 
management…” 

(S. Kim et al., 
2022, p. 3) 
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Choice 
Perception (J) 

Choice Perception is the tendency for individuals to feel 
more intrinsically motivated when presented with multiple 
options or choices, emphasizing the positive impact of 
perceived alternatives on motivation (Iyengar & Lepper, 
2000). 

“…we provided a list of action items that the user can 
perform to improve IAQ.” 

(Shabanabegum 
et al., 2021, p. 

7117) 
“Once they arrive at the game location, users choose the 
role they will play in the experience…” 

(J. Fernandes et 
al., 2023, p. 14) 

“The user can also choose to ride one of the animated city 
buses, allowing the user to effortlessly move across the 
city…” 

(Teles et al., 
2020, p. 4) 

“…we provided a list of recommended actions that the user 
can take to improve the IAQ.” 

(S. Kim et al., 
2022, p. 3) 

Boosters (K) 
Boosters in a game, where players obtain something to help 
them achieve the win-state effectively (Chou, 2015, p. 
145). 

“…a “secret code” the child obtained to facilitate space 
travel.” 

(Thomson et 
al., 2017, p. 3) 

Avatar (L) 

It is a graphical representation or character representing a 
user within the game or online platform. Avatars can be 
customized to reflect the user’s preferences, allowing them 
to personalize their virtual identity (Szolin et al., 2023). 

“The game is focused around avatar that the user selects 
at the start of the game. The avatar can be visualized 
through the AR view once the appropriate markers are 
detected.” 

(Pokric et al., 
2015, p. 12) 

“To increase the children’s participation, they could 
choose either a boy or girl as a player.” 

(Carducci et al., 
2016, p. 252) 

“The space-themed game involves a personalized 
character, or avatar,…” 

(Thomson et 
al., 2017, p. 4) 

“…presenting an interactive and customizable avatar…” 
(Grossman et 

al., 2017, p. 54) 

“…the apps for asthma management allowed users to pick 
different emojis and other colored graphical 
components…” and “…all apps used graphic characters 
and personified graphical components to make 
information more engaging and fun…”   

(Kim et al., 
2021, p. 5) 

Group Quest 
(M) 

This feature is very effective in collaborative play as well 
as viral marketing because it requires group participation 
before any individual can achieve the Win-State (Chou, 
2015, p. 219). 

“…it is also a useful depiction of individual and group 
dynamics within the game.” 

(Niemeyer et 
al., 2009, p. 

1079) 
“The main idea is to provide an environment where 
communities and scientists can collaborate towards a 
common goal that further leads to community capacity 
building.” 

(Mahajan et al., 
2020, p. 3) 
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“The game was designed to be a cooperative multi-player, 
building upon the identified advantages of collaboration 
over competition in educational contexts.” 

(J. Fernandes et 
al., 2023, p. 6) 

Social 
Invite/Friending 

(N) 

This mechanism encourages players to connect with 
others, raising a sense of community, and often provides 
in-game benefits or collaborative opportunities tied to 
having a network of friends (Consalvo, 2011). 

“Participants were forced to research the lights, and, upon 
discovery, share the information through social 
interaction.” 

(Niemeyer et 
al., 2009, p. 

1075) 

Visual 
Storytelling (O) 

Storytelling conveys events through words, sound, or 
images, serving various purposes. It includes oral 
traditions and techniques across different media to unfold 
narratives (Giakalaras, 2016). 

“The storytelling sessions provided citizens a platform 
tonclearly present their overall experience by 
contextualizing the story i.e. identifying the aim,…” 

(Mahajan et al., 
2020, p. 3) 

“…the scientist evaluates and explains to the player, via 
the main character, the possible causes regarding the air 
quality…” 

(Relvas, 2021, 
p. 16) 

Progress Loss 
(P) 

It is a game element where players experience setbacks by 
losing their in-game progress or achievements. This 
element often serves as a consequence for failure or certain 
in-game events, adding challenge and strategic 
considerations to the gaming experience (Chou, 2015). 

“…the negative elements that reduce the score and block 
the game for 5 s.” 

(Carducci et al., 
2016, p. 252) 

“If the medicine is taken outside the prescribed time 
window, a message is displayed informing them that they 
missed their medication time and that they cannot receive 
a reward.” 

(Grossman et 
al., 2017, p. 54) 
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Appendix C: Human Ethics, Information Sheets, and Consent Forms 

(For interview) 
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(For home visit) 

 

(For the main experiment) 
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(INTERVIEW) 
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(HOME VISIT) 
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(MAIN EXPERIMENT)
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Appendix D: Semi-structured Interview Questions and Slides 
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Appendix E: Pre-test Part A: Demographic Information 

1. What is your age? 

 

 

2. What is your gender? 

o Male 

o Female 

o Non-binary/Third gender 

o Prefer not to say 

 

3. What type of house are you currently living in? 

 

Apartment/Flat 

 

Standalone house 

 

Townhouse 

Other: 

 

 

4. How often do you play video games (on desktops, laptops, tablets, smartphones, or 

consoles)? 

o Never 

o A few times a year 

o A few times a month 

o A few times a week 

o Everyday 
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Part B and C: Pre-test, Post-test, and Retention 

Knowledge Questionnaire 

 

This is a common mold picture that can occur in homes 

 

1. Which areas in a bedroom are most likely to develop mold? List the specific spots where 

you believe mold is likely to develop in a bedroom (e.g., bed). You may list more than one 

spot. 

 

 

2. Which areas in a bathroom are most likely to develop mold? List the specific spots 

where you believe mold is likely to develop in a bathroom (e.g., mirror). You may list more 

than one spot. 

 

 
3. Which conditions are necessary for mold growth? 

 

 
4. What temperature range (in ℃) is most likely to support mold growth? From___ ℃ to 

___ ℃ 

 

 
5. What humidity range (in %) is most likely to support mold growth? From___ % to ___ % 

 

 

6. What strategies can you use to prevent mold growth in your home? List the methods 

you think can work. You may list more than one method. 
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NASA Task Load Index (TLX) 

Think about the learning experience you went through and answer the questions below that 

assess how you felt during the learning. 

How mentally demanding was the learning? 

Very Low                                                                                                                     Very High 

       

 

How physically demanding was the learning? 

Very Low                                                                                                                    Very High 

       

 

How hurried or rushed was the pace of the learning? 

Very Low                                                                                                                     Very High 

       

 

How successful were you in accomplishing what you were asked to do during the learning? 

Very Low                                                                                                                     Very High 

       

 

How hard did you have to work during the learning to accomplish your level of 

performance? 

Very Low                                                                                                                    Very High 

       

 

How insecure, discouraged, irritated, stressed, and annoyed were you during the learning?  

Very Low                                                                                                                    Very High 
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NASA Modified System Usability Scale (NMSUS) 

Think about the learning experience you went through and answer the questions below that 

assess the learning tool (game or video) you used. 

 Strongly 

Disagree 
Disagree 

Somewhat 

Disagree 
Neutral 

Somewhat 

Agree 

Agree Strongly 

Agree 

I thought the learning 

tool was easy to use. 

       

I think I would not 

need technical 

support to be able to 

use the learning tool. 

       

I found the various 

functions in this 

learning tool were 

well integrated. 

       

I found the learning 

tool to be consistent. 

       

I believe that most 

people would learn to 

use this learning tool 

very quickly. 

       

I found the learning 

tool was not difficult 

to use. 

       

I felt very confident 

using the learning 

tool. 

       

I do not need a lot of 

training on this 

learning tool in order 

to get going. 
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Intrinsic Motivation Inventory (IMI) 

Think about the learning experience you went through and answer the questions below that 

assess how you felt during the learning. 

 Strongly 

Disagree 
Disagree 

Somewhat 

Disagree 
Neutral 

Somewhat 

Agree 

Agree Strongly 

Agree 

While I was learning 

this material, I was 

thinking about how 

much I enjoyed it. 

       

I did not feel nervous at 

all while learning. 

       

This material held my 

attention throughout. 

       

I will answer this 

questionnaire seriously 

so in this question I will 

choose DISAGREE for 

this statement.  

       

I think I understood this 

material pretty well. 

       

I would describe this 

material as very 

interesting. 

       

I think I understood this 

material very well, 

compared to other 

people. 

       

I enjoyed learning this 

material very much. 

       

I felt relaxed while 

learning this material. 

       

This material was fun 

to learn. 
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General Self-Efficacy Scale (GSE) 

Think about the learning experience you went through and answer the questions below that 

assess your confidence in your ability to handle challenges and achieve learning goals.  

 Completely 

False 

Mostly 

False 

Somewhat 

False 
Neutral 

Somewhat 

True 

Mostly 

True 

Completely 

True 

I can always 

manage to come 

up with a mold 

prevention 

strategy for my 

home. 

       

I am confident that 

I can efficiently 

prevent mold from 

growing in my 

home. 

       

I know how to 

prevent mold from 

growing in my 

home. 

       

When I am 

confronted with a 

mold-growing 

issue in my home, 

I can usually find 

several solutions. 

       

I can usually 

prevent mold from 

growing in my 

home. 
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Behavioral Change Questionnaire 

Think about the learning experience you went through and answer the questions below that 

assess how it has influenced your behaviors and daily practices. 

 Strongly 

Disagree 

Disagree Somewhat 

Disagree 

Neutral  Somewhat 

Agree 

Agree Strongly 

Agree 

I regularly check for 

signs of mold in my 

home (e.g., in the 

bathroom or bedroom). 

       

I have implemented 

strategies I learned to 

prevent mold growth in 

my home. 

       

Since the learning 

experience, I have 

noticed positive 

changes in my behavior 

regarding mold 

prevention at home. 

       

I regularly apply the 

knowledge I gained 

about mold prevention 

in my daily routine. 

       

I have taken specific 

actions at home based 

on what I learned. 
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