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    Abstract 

Serious games (SGs), or games that are valued for educational utility rather than pure entertainment, has 

grown exponentially in academic research. In agroforestry, SGs is at an impasse. This is a missed 

opportunity to tackle the difficulty in teaching complex biological processes, and the costly training of 

courses such as pest management and sustainability. Integrating SGs into pest problems and sustainability 

is not straightforward due to the lack of structured guidance in assessing outcomes such as knowledge 

acquisition (KA). The need to examine the game elements that are effective in facilitating KA persists as a 

subject of debate with little empirical evidences to date. This study explores the utilisation of SGs in 

fostering KA about Phytophthora cinnamomi (Pc), an invasive soil-borne pathogen threatening 

aŜŘƛǘŜǊǊŀƴŜŀƴ ƻŀƪ ŜŎƻǎȅǎǘŜƳ ƛƴ {ǇŀƛƴΦ .ǳƛƭŘƛƴƎ ƻƴ .ƭƻƻƳΩǎ /ƻƎƴƛǘƛǾŜ ¢ŀȄƻƴƻƳȅ ŀǎ ŦǊŀƳŜǿƻǊƪΣ ǘƘŜ 

research aims to evaluate which specific game elements (trivia, quiz, in-game management, game events) 

facilitate the five cognitive thinking processes, and whether SGs can serve as effective tools to inspire 

sustainability reflections post-gameplay through the use of Cognitive Sustainability Compass. Silent Spread, 

a digital board game, was developed and played by 35 university-level students. Using Partial Least Squares 

Structural Equation Modelling, empirical data shows that in-game management acts as the main game 

element driver, displaying significant associations in facilitating cognitive thinking processes such as 

applying, analysing, and evaluating. PLS-SEM demonstrates that Silent Spread fostered middle- to higher-

order thinking skills, wherein analysing served as the strongest mediator in teaching spread mechanism. 

Meanwhile, the Cognitive Sustainability Compass session reveals that social sustainability pillar was the 

most frequently cited, emphasising key themes such as collaborative experiential learning and feeling more 

connected to rural realities post-game. The study highlights that given the strong facilitation of knowledge 

application rather than basic factual recall and surface level comprehension, SG research should start 

examining how SGs can teach learners to apply their knowledge within and outside the limits of virtual 

ƎŀƳŜǎΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ǊŜǎŜŀǊŎƘ ŎƘŀƭƭŜƴƎŜǎ ǘƘŜ ƭŜƴǎ ƻŦ .ƭƻƻƳΩǎ ƘƛŜǊŀǊŎƘƛŎŀl progression of KA, stressing 

that the 21st century requires 21st century skills such as collaborative problem-solving and systems thinking 

that players successfully manifested.  Overall, Silent Spread presents a promising tool to train future rural 

development professionals, policymakers, forest engineers, and farmers who are future proof, capable of 

navigating complexities in agroecology and sustainability transitions.  

 

Keywords: sustainability education, game-ōŀǎŜŘ ƭŜŀǊƴƛƴƎΣ ŀƎǊƻŦƻǊŜǎǘǊȅΣ .ƭƻƻƳΩǎ ¢ŀȄƻƴƻƳȅΣ ƛƴǾŀǎƛǾŜ 

species 
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What do digital games, invasive root pathogens, 

 and Iberian pigs have in common? 
 

 

1. INTRODUCTION 

Agroforestry integrates disciplines from agriculture, forestry economics, and social sciences (Rudebjer 

et al., 2001). The discipline describes two characteristics that separates the practice from other land uses. 

¢ƘŜ ŀǇǇǊƻŀŎƘ άŘŜƭƛōŜǊŀǘŜƭȅ ƎǊƻǿǎ ǿƻƻŘȅ ǇŜǊŜƴƴƛŀƭǎ ƻƴ ǘƘŜ ǎŀƳŜ ǳƴƛǘ ƻŦ ƭŀƴŘ ŀǎ ŀƎǊƛŎǳƭǘǳǊŀƭ ŎǊƻǇǎ ŀƴŘ ƻǊ 

ŀƴƛƳŀƭǎΣ ŜƛǘƘŜǊ ƛƴ ǎƻƳŜ ŦƻǊƳ ƻŦ ǎǇŀǘƛŀƭ ƳƛȄǘǳǊŜ ƻǊ ǎŜǉǳŜƴŎŜέ όNair et al., 2021, p.22). The heterogenous 

habitats the system generates improve ecological resilience (Jose, 2009), sequester carbon (Albrecht & 

Kandji, 2003ύΣ ŀƴŘ ǊŜŘǳŎŜ ŦŀǊƳŜǊǎΩ ǾǳƭƴŜǊŀōƛƭƛǘȅ ǘƻ ƳŀǊƪŜǘ ŀƴŘ ŎƭƛƳŀǘŜ ǎƘƻŎƪǎ όGarrity, 2004). These 

benefits, however, are contingent upon contextually appropriate design, species selection, and long-term 

upkeep (Mbow et al., 2014). Without proper planning and ongoing management, agroforestry systems risk 

falling short of their potential or even lead to unintended negative outcomes (Schoeneberger et al., 2012).  

To fully maximise the benefits agroforestry provides, forestry has begun to pioneer didactic 

innovations and pedagogical methodologies (Villarraga-Florez et al., 2016). Forest teaching permeates 

from primary to tertiary levels, and can be formal and non-formal (Gabay & Rekola, 2019). However, 

curating effective educational programmes remains a formidable undertaking. Discussion on making forest 

education more effective and appealing to a broader public to meet contemporary society remains a long-

standing debate (Rodríguez-Piñeros et al., 2020). The challenges can be defined within two principal 
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ŎƻƴǘŜȄǘǎΣ ƴŀƳŜƭȅ ŀύ ŀƎǊƻŜŎƻƭƻƎȅΩǎ inherent complexity, interrelatedness, and globalised perspective, and 

b) overlook on tailored topics in agroforestry in emerging educational tools.  Firstly, trainings in agroforest 

approaches, like agroecology (De Graeuwe et al., 2024), is rendered arduous by the intricate complex 

biological processes, landscape interrelatedness, and the globalised nature of the system. In Europe, 

agriculture programs are rarely imbued with interdisciplinary methods (Francis et al., 2008).  This 

pedagogical lacuna leaves university students insufficiently prepared with systemic perspectives, disabling 

their abilities to connect complex relationships (Francis et al., 2011) and tackle sustainability-related issues. 

It is thus imperative to curate interdisciplinary pedagogies for teaching agroecology that encapsulate and 

critically integrate economic, social, and environmental dimensions (Francis et al., 2019).  

The second analytical lens focuses on emergent pedagogical innovations. Instructional materials like 

serious games (SGs) have been identified (Duru et al., 2015) as promising tool of addressing persistent 

educational deficiencies across multiple sustainability domains. {Dǎ ǊŜŦŜǊ ǘƻ άƎŀƳŜǎ ǘƘŀǘ Řƻ ƴƻǘ ƘŀǾŜ 

ŜƴǘŜǊǘŀƛƴƳŜƴǘΣ ŜƴƧƻȅƳŜƴǘ ƻǊ Ŧǳƴ ŀǎ ǘƘŜƛǊ ǇǊƛƳŀǊȅ ǇǳǊǇƻǎŜέ όMichael & Chen, 2006, p.21).  Within 

agriculture, however, most applications remain confined to analogue board games (Dernat et al., 2019). 

This constitutes a salient limitation, insofar as physically formatted games impede international 

accessibility and constrain interactivity; two widely acknowledged factors for effective learning facilitation 

(Vogel et al., 2006). Given the digital SG-research in agroforestry remains in its nascent stages, the majority 

of extant examples continue to focus on crop or animal production (Calsamiglia et al., 2020; Dourmand et 

al., 2016). Such a lacuna has resulted in critical themes, such as pest management, being systematically 

overlooked.  Taken together, a) the difficulty in holistic learning in agroforestry, b) the lack of digital SG to 

facilitate international access, and c) the limits to how far SG can explore agroforestry management shape 

the general research question: can serious games be used in teaching university-level students agroforest 

practices like pest management?  

1.1 Serious games 

Several concepts are associated with SGs, overlapping with terms such as e-learning, edutainment, 

game-based learning, mobile learning, and digital game-based learning (Susi et al., 2007). Despite the 

confounding definitions that exist, SGs are generally framed as a tool designed to be engaging and 

motivational (Susi et al., 2007). These two dimensions are pivotal in skills and abilities development. Thus, 

following the definition of Susi et al. (2007), {D ƛǎ ŎƻƴǘŜȄǘǳŀƭƛǎŜŘ ƛƴ ǘƘƛǎ ǊŜǎŜŀǊŎƘ ŀǎ άƎŀƳŜǎ ǘƘŀǘ ŜƴƎŀƎŜ ǘƘŜ 

user, and contribute to the achievement of a defined purpose such as education and learning, other than 

ǇǳǊŜ ŜƴǘŜǊǘŀƛƴƳŜƴǘέΦ The efficacy of SGs to simplify complex real-world systems into a more tangible 

presentation of information offers a promising tool in sustainable transformation research (Foppe & von 

Wehrden, 2024), agricultural innovation (Dernat et al., 2025), and ultimately, knowledge transfer across 

domains (Ullah et al., 2022; Zhoggen et al., 2019). 

 SGs as a research method is by no means novel. The concept has long been used in economic inquiry 

such as the tǊƛǎƻƴŜǊΩǎ 5ƛƭŜƳƳŀ όAxelrod, 1980) and the Ultimatum Game (Bolton & Ockenfels, 2000). SGs 

have also garnered prominence within the social sciences, mainly in behavioural differences research (Liu 

et al., 2022; Sarin & Wieland, 2016) and sustainability policy (Czaika & Selin, 2017). ¢ƘŜ ƳŜǘƘƻŘΩǎ ŦƻŎǳǎ 

covers transformation systems through analogue games (Salvini et al., 2016), digital video games (Espinosa-

Curiel & de Alba-Chavez, 2024) and hybrid formats (Martin, 2015). While each mode has its own 

advantages, online ŘƛƎƛǘŀƭ ƎŀƳŜǎΩ salient features in terms of flexibility (Morgan et al., 2024) warrant 
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particular emphasis. Firstly, online games can define and control the environments that draw inspirations 

from real-world contexts and pressing social problems. Secondly, these games can reach participants and 

stakeholders globally; an audience reach that analogue games cannot perform. Lastly, the embedded 

features of digital games permit the testing of multiple hypotheses, a capacity that is particularly 

consequential for the nascent development of agroforestry as a scholarly discipline. For instance, time 

pressures can examine dynamic data such as learning rates and how experiences shape decision-making 

(Carusso et al., 2008; Merril et al., 2019). The accelerated growth of digital mobile games during the COVID-

19 pandemic (Atwood-Baline & Huffman, 2017) positioned the tool as a movement with immense 

application in education, training and instruction (Connolly et al., 2012). Since games facilitate a Ψlearning 

by doingΩ approach (Fernandez Galeote & Hamari, 2021), {DΩǎ ŎŀǇŀŎƛǘȅ ǘƻ ǊŜƴŘŜǊ ŎƻƳǇƭŜȄ ǎȅǎǘŜƳǎ ŀƴŘ 

global challenges in sustainability, agriculture, and agroforestry more tangible and socially relevant is 

particularly compelling.   

1.2 Digital Serious Games and Sustainability  

Sustainability emerges from the attempt to integrate a wide range of environmental issues pinned 

with socio-economic challenges (IƻǇǿƻƻŘΣ aŜƭƭƻǊΣ ϧ hΩ.ǊƛŜƴΣ нллр). Provided that sustainability and 

sustainable development knowledge can no longer be overlooked (Stanitsas, Kirytopoulus & Vareilles, 

2019), new teaching methods require revisiting and refinement (Dagiliute et al., 2018; Jaca et al., 2018), 

however, doing is far from straightforward. Learning sustainability presents complexities owing to its 

prevailing interdisciplinary nature, such as in fields like ecology, economics, politics and culture (dos Santos, 

Strada & Bottino, 2019). The case-specific challenges, complex system dynamics, multiple worldviews, and 

overlapping stakeholder framings make sustainability education extremely difficult to address 

comprehensively. Nonetheless, tackling the task is by no means trivial since the three tightly coupled pillars 

of sustainability are have achieved normative acceptance within the research community, providing a 

concrete analytical foundation. !ŘƻǇǘƛƴƎ IŀǊǊƛǎ όнллоύΩǎ ŘŜŦƛƴƛǘƛƻƴ ŀƴŘ ǘƘŜ ǎǘǳŘȅ ƻŦ Řƻǎ {ŀƴǘƻǎΣ {ǘǊŀŘŀ ϧ 

Bottino (2019), these pillars include:  

a) ñEconomic sustainability : the ability to maintain an adequate and continuous production of goods 

and services with manageable levels of government and external debt; 

b) Environmental sustainability: the ability to maintain adequate levels of renewable resource 

harvesting, pollution production and depletion of non-renewable resources;  

c) Social sustainabilityΥ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ŀ ǎƻŎƛŀƭ ǎȅǎǘŜƳ ǘƻ ǇǊƻǾƛŘŜ άǎƻŎƛŀƭ ǿŜƭƭ-ōŜƛƴƎέΣ ŎƘŀǊŀŎǘŜǊƛǎŜŘ ōȅ 

equal access to and delivery of basic facilities and social services, equal opportunities and political 

ŀŎŎƻǳƴǘŀōƛƭƛǘȅ ŀƴŘ ǇŀǊǘƛŎƛǇŀǘƛƻƴΦέ  

 SGs that address sustainability evince a promising trajectory in sustainability education (Stanitsas, 

Kirytopoulus & Vareilles, 2019). The discernible upward trend highlights the potentials of novel 

instructional materials and knowledge-transfer mechanisms that present prominent roles in SG 

development (Stanitsas, Kirytopoulus & Vareilles, 2019). However, while {DΩǎ ŎƻƴǘǊƛōǳǘƛƻƴ ŀƴŘ ŜŦŦƛŎŀŎȅ ƛƴ 

knowledge contribution is demonstrable and conclusive, empirical evidence regarding their capacity to 

holistically shape ǇŀǊǘƛŎƛǇŀƴǘΩǎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ǾŀƭǳŜǎ ǊŜǉǳƛǊŜ ƳƻǊŜ ŀǘǘŜƴǘƛƻƴ όYŀǘǎŀƭƛŀƪƛ ϧ aǳǎǘŀŦŜŜΣ нлмрύΦ 

CƛƴŘƛƴƎǎ ǎƘƻǿ ǘƘŀǘ ǘƘŜ ǘƘŜƻǊŜǘƛŎŀƭ ōŀŎƪƎǊƻǳƴŘ ƻŦ {D ƛǎ άƴƻǘ ŜƴƻǳƎƘ ǘƻ ŜƴƎŀƎŜ ǎǘǳŘŜƴǘǎ ƛƴ ŀ ƘƻƭƛǎǘƛŎ 

ŀǇǇǊƻŀŎƘ ǘƻ ǘƘŜ ǇƘƛƭƻǎƻǇƘȅ ƻŦ ǎǳǎǘŀƛƴŀōƛƭƛǘȅέ όStanitsas, Kirytopoulus & Vareilles, 2019, p. 930), a rather 

veritable !ŎƘƛƭƭŜǎΩ ƘŜŜƭ of contemporary pedagogy. Notably, there is an urgent need for more evidence-
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based research in sustainability-centred SG, concretising immediate pathways to explore changes in 

ƭŜŀǊƴŜǊΩǎ ƪƴƻǿƭŜŘƎŜ ǘƻ ǎǇŜŎƛŦƛŎ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ǇǊƻōƭŜƳǎ ό{ǘǊŀŘŀ Ŝǘ ŀƭΦΣ нлноΤ 5ƛƴƛȊ Řƻǎ {ŀƴǘƻǎ Ŝǘ ŀƭΦΣ нлмфΤ 

Janakiraman et al., 2018), and integrate multiple measures using both in-game learning analytics and out-

of-game assessments (dos Santos et al., 2019; de Haan & van der Voort, 2018; Strada et al., 2023;). Provided 

that sustainability is ubiquitous in many environmental issues such as water management, ecosystem 

ecology, and environmental education, there remains niches that warrant more empirical explorations like 

agriculture and silvopasture management (Madani, Pierce & Mirchi, 2017).  
 

1.3  Digital Serious Games in Agriculture 

Earlier explorations of digital SGs encompassed innovations in agroecology (Jouan et al., 2021), 

livestock farming (Calsamiglia et al., 2020), and environmental education (Khelifa & Mahdjoub, 2021). 

These environmentally oriented games reflect the observed trend in SGsΩ evolution. Earlier digital games 

were originally lean towards education and economic issues with a now evolving paradigm moving towards 

environmental stewardship with social themes (Dernat et al., 2025).  

In agriculture, SGs address sustainability challenges through complex scenarios. A corpus study 

conducted by Dernat et al. (2025) highlighted ǘƘŜ ŦŀǊƳŜǊǎΩ ǇǊŀŎǘƛŎŜǎ as one of the two core focuses in SGs 

historical development alongside global sustainability. Yet, despite the salient emphasis on sustainable 

farming approaches in SG scholarship, several domains remain comparatively underexplored. For instance, 

there is a growing interest in market gardening, arboriculture, viticulture, and pest management in game 

development (Boulestreau et al., 2023; Rouault et al., 2020; de la Vega et al., 2022). The latter is of 

particular importance, as άǇŜǎǘǎ ŀǊŜ ƻŦǘŜƴ ƛƴǾŀǎƛǾŜ ǎǇŜŎƛŜǎέ readily introduced by the general public as 

inadvertent vectors (de la Vega et al., 2022). This strengthens the need to engage various sectors, 

particularly future forest managers, to impede the proliferation of pests in various ecosystems.  

Teaching pest management, even to students outside agricultural disciplines, is of particular 

importance. In industrialised economies, people are disconnected from various means of managing pests 

(Sutherland et al., 2020); all the more reason to develop educational tools to increase awareness 

(Helmberger et al., 2022) across geographical and education system boundaries. Additionally, concepts 

such as integrated pest management (IPM) are complex and deeply rooted in ecology and economics that 

can be difficult to grasp (Helmberger et al., 2022). This is where digital SGs can present as a viable solution. 

Learning mechanisms ǎǳŎƘ ŀǎ ΨƭŜŀǊƴƛƴƎ ōȅ ŘƻƛƴƎΩ όCŜǊƴłƴŘŜȊ DŀƭŜƻǘŜ ϧ IŀƳŀǊƛ нлнмύΣ ŀƴŘ peer interactions 

during play (da Silva Júnior et al. 2020; Nadolski et al., 2008) ŜƴƘŀƴŎŜ ǎǘǳŘŜƴǘΩǎ ƭŜŀǊƴƛƴƎ ƻǳǘŎƻƳŜǎ (Cheng 

& Annetta, 2012). Two notable digital SGs centred on pest practices exist, namely Pest Quest (Helmberger 

et al., 2022) and Spotted-Stop-It (de la Vega et al., 2022). The games exemplified how transmitting concepts 

and practices can be learned where game concepts become effective tools. However, given the vast array 

of pests that can inspire digital games, there still remains considerable scope for future empirical 

investigation. Building on this foundation, this research aims to contextualise SG development using 

Phytophthora cinnamomi (Pc) as the empirical context.  
 

1.4 Game Development 

 Before diving into the contextualisation of Pc into SG, it is imperative to first delineate the broader 

concept of game development. Creating video games is an iterative process, however, a generic sequence 

common in developing instructional and training materials follow five phases termed as ADDIE model. The 
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process involves a) Analysis, b) Design, c) Development, d) Implementation and e) Evaluation (Yusoff & 

Shafiril, 2019). Analysis involves clarifying the instructional problem, goals, and objectives. The Design 

phase encompasses the specification of learning objectives, instructional exercises, content, subject 

themes and even media selection (Yusoff & Shafiril, 2019). The development stage begins with developers 

creating and assembling the content assets where a test stage is often implemented to assess whether the 

game behaves the intended tasks. Implementation deals with the development of protocols, further 

ensuring the any error or bugs are absent. Lastly, the evaluation phase is comprised of testing the project 

with users to improve further specifications (Yusoff & Shafiril, 2019).  

 

1.5 Phytophthora cinnamomi as the Empirical Case Study 

Pc is widely recognised for its devastating effects on plants (Hardham & Blackman, 2018) (Figure 1). 

With over 5 000 host species, contamination most commonly occurs through nursery stock, plant material, 

food crops, and native forests (Hardham, 2005). The pathogen can survive in the soil by living off dead 

organic matter. It remains in the soil or in infected plants as tough resting structures called 

chlamydospores, and sometimes as oospores (Weste, 1983; Zentmyer & Mircetich, 1966). When conditions 

like moisture and temperature are right, the pathogen becomes active and starts reproducing asexually. 

Once inside a vulnerable plant, the pathogen can produce more sporangia on the plant's surface within just 

2 or 3 days. This asexual cycle can happen repeatedly in a short time, quickly increasing the number of 

infectious particles in the area. Pc can survive in most soil for up to 6 years and moisture is one of the key 

factors that establishes the Pc-related diseases (Hardham, 2005).  

Pc as an invasive root pathogen, has been documented in no fewer than 15 of the global biodiversity 

hotspots (Myers et al., 2000) (Figure 2). In Europe, Pc impacts chestnut and holm oak forests (Serrazina et 

al., 2015). In Mediterranean countries like Spain, the pathogen is regarded as a major threat to 

economically vital species like holm oaks (Quercus ilex) and cork oak (Quercus suber). More than 8 000 ha 

per year were estimated to have been affected by holm oak loss in Spain in 2010 (Senado, 2010) and around 

30 000 ha in the Iberian Peninsula was devasted by Pc from 1957-2013 (Beatriz et al., 2024). The weakening 

ǎƛǘŜǎ ǿƘŜǊŜ ƻŀƪ ŘŜŎƭƛƴŜ Ƙŀǎ ōŜŜƴ ƻōǎŜǊǾŜŘ ƛƴŦŜŎǘ ƻǇŜƴ ǿƻƻŘƭŀƴŘǎ ƪƴƻǿƴ ŀǎ ΨŘŜƘŜǎŀΩΦ Such tree mortality 

rates are critical because Dehesa ecosystems consider trees as ecosystem engineers. They primarily 

άƳŀƛƴǘŀƛƴ ƎǊŀǎǎ ǇǊƻŘǳŎǘƛƻƴ ƛƴ ǇƻƻǊ ǎƻƛƭǎ ǳƴŘŜǊ ŀ ǎŜƳƛŀǊƛŘ ŎƭƛƳŀǘŜέ όaƻǊŜƴƻ ϧ tǳƭƛŘƻΣ нллфΣ ǇΦ нύΦ 

     Additionally, the effects on the sustainability of these ecosystems are even amplified due to the 

confluence of factors like intensification of agricultural practices (Sales-Baptista et al., 2016), lack of 

regeneration of trees (Moreno & Pulido, 2008), and direct effects of climate change (Gil-Pelegrín et al., 

2018). With the ongoing threats of Pc ŦƻǊ ǘƘŜ ƭŀǎǘ ǘƘǊŜŜ ŘŜŎŀŘŜǎΣ ǘƻ ǘƘŜ ŀǳǘƘƻǊΩǎ ƪƴƻǿƭŜŘƎŜΣ ǘƘŜǊŜ Ƙŀǎ ōŜŜƴ 

no exploration of SG, be it analogue or digital format, where the pathogen served as the main game 

inspiration.  

 

1.6 Contextualising Phytophthora cinnamomi in Digital Serious Game Development  

        Three factors make Pc a compelling case for the creation of a digital SG. These can be summarised into 

real-world relevance, complex ecological impacts, and pedagogical potential. The multi-faceted approach 

to early detection and containment management makes Pc an ideal subject for an interactive and 
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immersive game. Additionally, the significant threat to biodiversity and forest ecosystems worldwide 

(Hardham, 2005) (Figure 2) heightens the urgency to develop educational materials to inform the public 

and train future forestry professionals. At a regional level, cumulative results of leading scholars in Pc 

illustrate the current and projected potential distribution in Andalucia, Spain (Duque-Lazo et al., 2018) 

(Figure 3).  Moreover, while several biological concepts can be embedded in the game (e.g. life cycle), 

challenging players to make strategic decisions facilitates an experiential learning as opposed to a typical 

classroom setting. Concepts like disease transmission, tree health monitoring, and biosecurity protocols 

(Marzano et al., 2017) can add to game-setting, mirroring real-life tasks in Pc management. This aligns with 

the principles of effective SG design, which emphasise relevance, quick feedback, and calibrated challenge 

to enhance motivation and learning outcomes (Sitzmann, 2011). Overall, integrating Pc into digital SGs 

supports the need for more educational materials for the public while simultaneously offering an 

interactive, and real-life based learning opportunity. Unlike most existing games not emphasising the real-

world processes in forest and pest management, this exploration underscores both a timely gap and a 

worthwhile scientific endeavour. The study attempts to bridge the methodological and empirical gap 

positioning Pc in digital SGs development. This area remains scarcely studied in the coupled game and pest 

management research.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CƛƎǳǊŜ мΦ aƛŎǊƻǎŎƻǇƛŎ ƛƳŀƎŜ ƻŦ tŎΦ  
{ƻǳǊŎŜΥ wƻōƛƴΣ {ƳƛǘƘ ϧ IŀƴǎŜƴ όнлмнύΦ CƛƎǳǊŜ нΦ Dƭƻōŀƭ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ ŀǊŜŀǎ ǿƘŜǊŜ tŎ Ƙŀǎ ōŜŜƴ 

ƛŘŜƴǝŬŜŘΦ {ƻǳǊŎŜΥ ŘŜ !ƴŘǊŀŘŜΣ .ǊŀƴŎƻ ϧ /ƘƻǳǇƛƴŀ όнлнлύΦ  

CƛƎǳǊŜ оΦ 5ƛǎǘǊƛōǳǝƻƴ ƳŀǇ ƻŦ tŎ ƛƴ !ƴŘŀƭǳŎƛŀΣ {ǇŀƛƴΦ bƻǘŜΥ ¢ƘŜ ƎǊŜŜƴ ƎǊŀŘƛŜƴǘ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǘƻǇƻƎǊŀǇƘȅ ƛƴ ǘƘŜ ǊŜƎƛƻƴΦ 
{ƻǳǊŎŜΥ 5ǳǉǳŜπ[ŀȊƻ Ŝǘ ŀƭΦΣ нлмуΤ DǳƛǘŜǊǊŜȊ IŜǊƴŀƴŘŜȊ Ŝǘ ŀƭΦΣ нлмсΦ tǊƻŎŜǎǎŜŘ ōȅΥ 5ŀǊŀǇƛǎŀΣ нлнр tǊƻŎŜǎǎƻǊΥ vDL{ 
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2. REVIEW OF RELATED LITERATURE 

SG development has grown at an exponential pace in the video games market (Alvarez & Michaud, 

2008) and in academic research (Ritterfeld et al., 2009). Between 2000-2020, the trajectory of SG research 

increasingly converged with themes such as natural resource management, conservation, ecology and 

agricultural sustainability (Hernandez-Aguilera et al., 2020). SGs, despite being recognised ŀǎ ŀ άƎŀƳŜ-

changer for learning, increasing coordination, and supporting decision-ƳŀƪƛƴƎ ƛƴ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ǘǊŀƴǎƛǘƛƻƴǎέ 

(Dernat et al., 2025, p. 1), the innovative research tool still presents vast research opportunities that 

demand further empirical substantiation and contextual refinement.  

For specificity and clarity, the research follows a rather an unconventional approach wherein the 

identified gaps through review of related literature were discussed first in order to comprehensively 

present the research problems. An organised summary of earlier studies on the use of SG in forestry, tree 

health, and pest management is explored in the section, enabling the understanding of the general 

landscape of SG research in forestry.  The comparison of the studies uses multi-component analysis (n=15) 

focusing on the game elements and mechanics that enhanced learning or hindered its facilitation (Annex 

A-D). This analytical step subsequently informs the formulation of the research questions and the 

operationalisation of the variables that underpin the structural model quantitatively examined in the study.   
 

2.1 Serious Games for Knowledge Acquisition: The Identified Theoretical Application Gap 

There are substantial corpus of studies claiming the positive outcomes of games (Connolly et al., 2012) 

yet the scholarly consensus remains tenuous, lacking coherence (Ke, 2009) and persistently fragmented 

(Connolly et al., 2012). For conceptual consistency, impacts and outcomes are defined as the inclusion of 

άΩsofterΩ emotional, motivational and attitudinal outcome as well as ΨharderΩ knowledge acquisition and 

skillsέ (Connolly et al., 2012, p. 662). Some authors argue that gameplay enables participants to perform 

more effectively than under controlled conditions (Arnab et al., 2013; Suh, Kim & Kim, 2010) while others 

demonstrated computer-based simulations can be equally efficacious as conventional classroom 

instruction (Rondon, Sassi & de Andrade, 2013; Nishikawa & Jaeger, 2011).  These confounding results can 

be justified by the differences in the type of SGs being used (e.g. board game, simulations, 3D, 2D 

interfaces), the subject field applied (e.g. politics, health) and the learning outcome being assessed (e.g. 

practical, theoretical knowledge). Without the proper evaluation of how games foster the intended 

knowledge and skills (hΩbŜƛƭ Ŝǘ ŀƭΦΣ нлмо) and the impact of playing to understand what works in the game 

(hΩbŜƛƭ Ŝǘ ŀƭΦΣ нлмо), game environments can be unmotivating. Hence, standardising SG evaluations is 

paramount with sufficient latitude for contextual adaptation.  
 

2.1.2 Knowledge Acquisition 

Measuring success and what success entails in game evaluation is hard to assess (Maharaj & Green, 

2015). Success may be defined in terms of the quantification of the number of downloads, the amount of 

time spent playing the game, the knowledge acquired, or the behavioural changes the game provided 

among others. Impacts such as knowledge acquisition (KA), physiological and perceptual, and cognitive 

outcomes were among the common results from playing games (Boyle et al., 2016). KA remains the most 

frequently occurring outcome among games designed for learning (or games for learning). Connolly et al. 
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(2012) supported this claim placing KA or content understanding, alongside affective and motivational 

outcomes as the central themes in impact valuation. In a surface level, KA being a commonly recurring 

theme inevitably provokes the question of why this particularly outcome emerges as the common 

denominator across evaluation studies. Concentrating on KA alone, despite other widely studied impacts 

co-existing, presents a plethora of research opportunities and underexplored domains. These windows of 

exploration include investigating the transferability of acquired knowledge to real-world contexts (Mayer, 

2019; Qian & Clark, 2016) by examining which game element contribute meaningfully in knowledge 

absorption. Similarly, another research arena can dive deeper on the analysis of cognitive processes as 

mediator of KA (e.g. lower order thinking, higher order thinking skills) (i.e. Anderson & Krathwohl, 2001; 

Bloom; 1956), which can be analysed during and post-gameplay. Exploring further these cognitive 

processes constitutes a fruitful scholarly endeavour, as theoretically-grounded SGs require intentional 

injection of learning content, pedagogical approaches, and ultimately theories that can add depth to 

learning outcomes (Plass, Homer & Kinzer, 2020).  

2.1.3 .ƭƻƻƳΩǎ ¢ŀȄƻƴƻƳȅ ƻŦ 9ŘǳŎŀǘƛƻƴŀƭ hōƧŜŎǘƛǾŜǎ  

A familiar tool among educators is .ƭƻƻƳΩǎ ¢ŀȄƻƴƻƳȅ ƻŦ 9ŘǳŎŀǘƛƻƴŀƭ hōƧŜŎǘƛǾŜǎ ό1956) (Figure 4). The 

framework is referred to ƛƴǘŜǊŎƘŀƴƎŜŀōƭȅ ǿƛǘƘ ǘŜǊƳƛƴƻƭƻƎƛŜǎ ǎǳŎƘ ŀǎ .ƭƻƻƳΩǎ ¢ŀȄƻƴƻƳȅΣ .ƭƻƻƳΩǎ /ƻƎƴƛǘƛǾŜ 

¢ŀȄƻƴƻƳȅΣ ŀƴŘ .ƭƻƻƳΩǎ /ƻƎƴƛǘƛǾŜ 5ƻƳŀƛƴǎ ό./5ύΦ ¢ƘŜ ǎƛȄ-level taxonomy is a hierarchial classification of 

cognitive thinking processes that educators set as learning objectives (Krathwohl, 2017; Buchanan, 

Wolanczyk & Zinghini, 2011;). BCD provides the structured framework to achieve such objectives. 

9ŘǳŎŀǘƻǊǎ ǳǎŜ ./5 ǘƻ άǎǇŜŎƛŦȅ ƻōƧŜŎǘƛǾŜǎ ǘƻ Ǉƭŀƴ ƭŜŀǊƴƛƴƎ ŜȄǇŜǊƛŜƴŎŜǎ ŀƴŘ ǇǊŜǇŀǊŜ ŜǾŀƭǳŀǘƛƻƴ ŘŜǾƛŎŜǎέ 

(Bloom, 1956, p.2).  

The original taxonomy comprised six categories, namely Knowledge, Comprehension, Application, 

!ƴŀƭȅǎƛǎΣ {ȅƴǘƘŜǎƛǎ ŀƴŘ 9ǾŀƭǳŀǘƛƻƴΦ Lƴ нллмΣ ǘƘŜ ƘƛŜǊŀǊŎƘȅ ǿŀǎ ǊŜǾƛǎŜŘ ōȅ .ƭƻƻƳΩǎ ŦƻǊƳŜǊ ǎǘǳŘŜƴǘǎ ǿƘƛŎƘ 

includes Remember, Understand, Apply, Analyse, Evaluate, and Create. The revised taxonomy aims to 

provide flexibility and alignment with how people actually learn and think (Anderson & Krathwohl, 2001). 

These revisions are often viewed twofold which tackle cognitive process (usually the verb, e.g. 

understanding, applying, etc.) and the knowledge type (noun, e.g. factual knowledge, procedural 

knowledge). To provide clarity on cognitive thinking processes, the terms were defined below following 

Anderson & Krathwohl (2001) iterations:  

(a)  Remembering. The hierarchy refers to the ability to recall facts, definitions, or basic concepts from 

memory. It represents the foundational level of cognitive learning, focusing on recognition and 

retrieval of previously learned information. 

(b) Understanding. The thinking skill involves grasping the meaning of information by interpreting, 

ǎǳƳƳŀǊƛȊƛƴƎΣ ƻǊ ŜȄǇƭŀƛƴƛƴƎ ƛŘŜŀǎ ƛƴ ƻƴŜΩǎ ƻǿƴ ǿƻǊŘǎΦ It goes beyond memorization, showing 

comprehension of concepts and relationships. 

(c) Applying. This refers to the use of knowledge in new situations or contexts. Learners demonstrate 

this   level by solving problems, carrying out procedures, or using information in real-world 

scenarios. 

(d) Analysing. Analysing involves breaking down information into components to understand its 

structure, relationships, or underlying logic. This level includes comparing, contrasting, and 

examining patterns or cause-and-effect connections. 
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(e) Evaluating. This thinking skill refers to the ability to make judgments based on criteria and 

standards. It includes critiquing, defending opinions, and assessing the value or credibility of 

information or methods. 

(f) Creating. The process entails putting together elements to create a new, coherent, and functional 

entity based on certain rules and categories.  

Hereafter the six cognitive thinking processes described earlier (Figure 4) will be referred 

interchangeably as cognitive levels, cognitive hierarchies, and cognitive thinking skills. The taxonomy can 

help teachers design evaluation devices and plan learning experiences. The framework extends beyond 

simple recall by fostering knowledge application in context, such as analysing the conditions under which 

knowledge is mobilised. Thus, BCD presents a robust theoretical underpinning that stresses the levels of 

cognitive process, an investigation often overlooked despite KA appearing in many SG-evaluation studies. 

The use of BCD in assessing thinking processes has been widely explored (e.g. Eber, 2007; Lemons & 

Lemons, 2017; Ullah, et al., 2019; Semsar & Casagrand, 2017;), albeit not necessarily heavily contextualised 

in SG. The prospects of embedding BCD are particularly promising because KA is more readily observable, 

quantifiable, and explicitly aligned with defined learning objectives (Shute & Ventura, 2023). For instance, 

learned knowledge can be easily assessed after game-play as compared to other outcomes like how 

behavioural impacts take time to manifest. Such quick evaluation post-game is important for educational 

and training contexts where the processing of targeted concepts defines the primary aim (Gee, 2003).  

CƛƎǳǊŜ пΦ .ƭƻƻƳϥǎ ¢ŀȄƻƴƻƳȅ ƻŦ 9ŘǳŎŀǝƻƴŀƭ hōƧŜŎǝǾŜǎ ό.ƭƻƻƳΣ мфрсύ 
bƻǘŜΥ !ǳǘƘƻǊΩǎ ƻǿƴ Ǿƛǎǳŀƭƛǎŀǝƻƴ ƻŦ ǘƘŜ ǘŀȄƻƴƻƳȅΦ  
{ƻǳǊŎŜΥ LƴŦƻǊƳŀǝƻƴ ¢ŜŎƘƴƻƭƻƎȅΣ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ CƭƻǊƛŘŀΣ ƴΦŘ 
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BCD integration is not inherently difficult; however, it might be easier said than done, particularly in 

assessing the highest level, creating. Games are typically designed to engage players with certain rules and 

ƳŜŎƘŀƴƛŎǎΦ 9ƳōŜŘŘƛƴƎ ŀǎǎŜǎǎƳŜƴǘǎ ǘƘŀǘ ŎŀǇǘǳǊŜ άŎǊŜŀǘƛƴƎέ Ƴŀȅ Ŝƴǘŀƛƭ ŀŘŘƛǘƛƻƴŀƭ ǊǳƭŜǎ ǘƘŀǘ Ƴŀȅ ŎƻƴŦƭƛŎǘ 

with the gameplay flow, hence, adding complexity to the game which is strictly avoided in game design 

(Waeber et al., 2023). Additionally, the essence of the thinking hierarchy entails creating a new concept 

that may not necessarily be applicable within the game but possibly outside the game. One might argue 

ǘƘŀǘ ŎƻƳōƛƴƛƴƎ ǎǘǊŀǘŜƎƛŜǎ ŎƻƴǎǘƛǘǳǘŜǎ άŎǊŜŀǘƛƴƎέΤ ƘƻǿŜǾŜǊΣ ǘƘŜ ǎƪƛƭƭ ǇǊƻǇŜǊƭȅ Ŝƴǘŀƛƭǎ ŘŜƳƻƴǎǘǊŀǘƛƴƎ 

knowledge transfer to different contexts. In-game evaluators, whether automated scoring systems or 

human assessors, may struggle to capture the subtle nuances of genuine creativity and innovation.   

While the reasons outlined above is purely a personal choice based on earlier understanding about 

game developments, it is worth emphasising that supporting literature on this challenge remains sparse. 

Shute & Rahimi (2021) mentioned that άƳƻǊŜ ǿƻǊƪ ƛǎ ƴŜŜŘŜŘ ƛƴ ǘƘŜ ŀǊŜŀ ƻŦ ŀǳǘƻƳŀǘŜŘ ŀǎǎŜǎǎƳŜƴǘ ƻŦ 

ŎǊŜŀǘƛǾƛǘȅέ όǇΦ ммύΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ƛƴ ŦƛŜƭŘǎ ƭƛƪŜ ƭŜŀǊƴƛƴƎ ǎŎƛŜƴŎŜǎΣ ǇǎȅŎƘƻƳŜǘǊƛŎǎΣ ŀƴŘ ŎǊŜŀǘƛǾƛǘȅ ǎǘǳŘƛŜǎΦ 

Moreover, there is an inherent disconnect between playing games and creativity (Shute & Rahimi, 2011). 

Earlier discussion claims that playing games do not significantly increase Torrance Tests of Creative Thinking 

(Hamlen, 2009) while some put forwarded that in fact, spending considerable time playing game is 

significantly associated with creativity (Jackson et al., 2012). Investigating the relationships of creativity and 

gameplay does not necessarily translate to educators adopting SGs as creativity facilitator tool (Shute & 

Rahimi, 2021). This notion hinders the further exploration of the creativity-SG merging, but notably, still, a 

worthwhile endeavour. Studies show that people need to engage with the basic learning requirements of 

the domain before creativity spark (Baer & Kaufman, 2005). Moreover, creativity lies at the intersection of 

the person, a domain and the field experts (Csiszenymihalyi, 1997).  

Several game evaluations widely adopted theoretical underpinnings in cognitive science, the study of 

how humans think and learn in a given condition (Bruer, 1993). The cognitive studies lens as an agent 

encourages a more detailed analysis of KA, which can be discussed twofold. Firstly, any changes in the 

environment can create information and knowledge (Nonaka, 1994). SGs being used for educational 

purposes is an abrupt change from classroom settings to virtual environments. This shift necessitates a 

comprehensive analysis of how students process information driven by digital surroundings and inputs. 

Secondly, digital communication moved away from simply acquiring knowledge but of its usage (Sarrazin 

& Sikes, 2013). In general, people are considerably poor in understanding information or may take time to 

process and use it (Barsalou, 1999). Games can put information in a controlled environment where players 

can slowly navigate through. Consequently, there is a need for an in-depth exploration how controlled 

environments rich with information can facilitate learning.  

Overall, capturing the cognitive dimension of learning can be an effective tool for long-term change 

and application of concepts (Gee, 2003); two components that educational learning materials need to 

impart to their learners. Despite being extensively researched, exploring KA further is a worthwhile 

endeavour due to (a) being readily observable post-game, and (b) its anchor to cognitive science. Existing 

studies only evaluated the outcome of games as a whole without digesting the different cognitive processes 

of knowledge SGs have impacted. This research argues that this could be explained by the lack of 

theoretical operationalisation that can systematically internalise the different knowledge learned, leading 

to the theoretical application gap of the current study.  
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2.2 The Theoretical Application Gap of the Study 
 

The majority of the research organised in the study (Annex A) did not explicitly articulate how leading 

theories inform game features and the levels of KA obtained by the players. An exception to this 

generalisation is the research of Yusoffa & Shafiril (2019) which discussed how behaviourism, 

constructivism and social learning shape the pedagogical outcomes of their instructional materials. 

Moreover, whenever outcomes are investigated, oftentimes there are three dimensions being compared 

(e.g. cognitive, incentive, and interaction) (Cosme & Turchen, 2020). This approach is not inherently 

problematic, rather a missed opportunity to undertake a more nuanced and systematic inquiry of the 

different levels of KA. To reiterate, this research argues that even if KA keeps on recurring as a primary 

outcome of SG-based learning and that theories are already applied in several studies, there remains a 

theoretical application gap in evaluating the levels of cognitive absorption of players. This is critical because 

KA analyses conducted at a surface level are insufficient to reveal the degree to which games genuinely 

facilitate cognitive learning.  

2.2.1 Game Design Elements that Facilitate Learning: The Identified Methodological Gap  

Modern theories describe effective learning as experiential, active, problem-based, and provides 

immediate feedback (Boyle, Connolly & Hainery, 2011). Crucially, the structured guidance on properly 

developing a SG remains limited (Boyle, Connolly & Hainery, 2011).  Designing a well-functioning SG may 

proceed along the research trajectories focused either on outcome evaluation of the dynamics of player-

computer interactions (Marsh, 2010). These approaches present distinct yet complementary lenses on 

game design. However, systematic reviews have repeatedly underscored the need to investigate which 

specific game features most effectively support learning (Boyle et al., 2016). Nine years after the 

recommendation of Boyle and colleagues (2016), concrete empirical evidence remains elusive, with a few 

exceptions that attempted to qualitatively describe some game features. Against this backdrop, the current 

research seeks to address the urgency to perform more in-depth methodology-based investigation, 

providing evidence of game elements and their pedagogical efficacy.  

SGs are conglomerated with elements such as game mechanics, frames, graphics, and artistic 

narratives (Gros, 2007). Several existing research described game elements, interactions, and their impacts 

in learning. One systematic review performed by Ravyse et al. (2017) was found to encompass almost all 

these common attributes, specifically highlighting the success factors for SGs to enhance learning. Ravyse 

and colleagues (2017) revealed five central themes crucial in making games intertwined with pedagogical 

content, namely backstory and production, realism, artificial intelligence and adaptivity, interaction, and 

feedback and debriefing. 

While the categorisation of Ravyse et al. (2017) is exhaustive for encompassing the findings of several 

studies, there are confounding and competing conclusions that need clarity (Annex D). For instance, while 

Bengston et al. (2021) advocate for open-ended content creation by players to foster collaboration, 

Waeber et al. (2023) caution that such freedom can make it difficult to measure the educational impact of 

games. Similarly, Bellotti et al. (2012) and Ke (2008) advanced the value of immersive, and context-linked 

narratives, yet Waeber et al. (2023) found that overly mysterious or complex storylines can actually distract 

players from absorbing key scientific concepts. This tension highlights a critical balance between 

engagement and clarity. Moreover, Cosmo and Tuchen (2020) emphasise role-playing and flexible decision-
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making as beneficial, as such was complimented by Bolijn et al.Ωǎ (2022) report that poorly functioning 

mechanics can hinder learning by failing to convincingly absorb ecological processes. Further discrepancies 

emerge in discussions around realism and competition. While Bolijn et al. (2022) and Byun & Loh (2015) 

suggest that 3D environments and realism increase engagement by simulating physical experiences, Ravyse 

et al. (2017) stress the importance of abstraction and expert-informed design, particularly in the 

impossibility of fully replicating the real world in digital formats. In terms of game competitiveness, reward 

systems and leaderboards are widely endorsed by Miao et al. (2022) and Cheng & Annetta (2012) as 

motivators, however, Ravyse et al. (2017) and Menconi et al. (2025) emphasised that competition, 

especially under time constraints, can induce anxiety and detract from educational objectives.  

Despite the mismatch found on several studies of what elements truly foster and hinder learning, the 

systematic review of Ravyse et al. (2017) deserves highlighting.  The detailed comparison of the earlier 

literature (Annex A) is summarised below:  

a. Backstory and Production: Stories that enable players to perform operations to grasp complex 

environmental issues are found to be relevant in increasing engagements. For instance, a review done 

by Maharaj (2015) enumerated three SGs demonstrating how game activities such as taking down 

enemies with axes to protect trees, and purchasing plants and planting tree as a tree diversity 

simulator. Similarly, inviting players to explore the financial dimension in reinforcing programs is also 

found helpful in understanding forestry and agriculture (Batson & Coleman, 2008). Dernat et al., 

(2025) cited Plass et al., (2015) on their contributions about how altering perspectives can create 

environments that are immersive, aiding in the facilitation of acquiring knowledge and their 

application. {ŜƴǎƻǊȅ ŀƴŘ ǎǘƛƳǳƭƛΣ ƻƴ ǘƘŜ ƻƴŜ ƘŀƴŘΣ ƛƴŎǊŜŀǎŜǎ ǘƘŜ ǇƭŀȅŜǊǎΩ ŜƴƎŀƎŜƳŜƴǘ ǿƛǘƘ ǘƘŜ ƭŜŀǊƴƛƴƎ 

material, emphasising the need for appealing storyline (Ke & Abras, 2013; Ke, 2008). The influence of 

storylines is stressed by Bellotti et al. (2012), emphasising that beyond simply creating attractive 

presentations, stories should be linked with content and that context should match the narrative 

(Chent et al., 2014; Couceoro et al., 2013). This is echoed by Waeber et al. (2023) reporting that 

storyline such as detective narration and problem-solving gameplay was found to be distracting to 

some players to fully grasp the entire scientific content. Their results added that having too much 

mystery in the game can dilute the attention to detailed biological processes intended for learning 

(Waeber et al., 2023). Similarly, overly rich presentation of information can distract the students from 

the learning tasks (Ke & Abras, 2013). On the one hand, Bengston et al. (2021) recommended to enable 

players write their own content in card-related games (e.g. IMPACT: Forestry edition), increasing 

collaboration during the game. Contrary to this suggestion, creating open ended solution spaces 

where players can navigate multiple strategies can pose challenges in assessing the true impact of 

educational effectiveness (Waeber et al., 2023).  

b. Realism: The 3D environment nature of the game can immerse players, for instance, making 

them feel like they are actually managing a reforestation project (Bolijn et al., 2022).  3D models 

combined with realistic sound enables users experience the physical space (Baranowski et al., 2011; 

Byun & Loh, 2015). The simulations embedded also provide opportunity for problem-solving skills to 

develop while improving the illustrative nature of the game, thereby increasing the interactions 

among players to find solutions (Waeber et al., 2023). Ravyse, et al. (2017) acknowledged the fact that 

not everything in real-life world can be replicated in the digital world. Hence, abstraction is acceptable 

in game design so long as it is accompanied with expert understanding of the content and pedagogical 
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experts ensure the proper integration of real-life representatives into the game (Hong et al., 2013). 

Although realism and abstraction can be tailored to specific audience, 2D games are viewed as 

unsophisticated while games designed for high schools are more realistically looking and more 

complex (Dickey, 2011). Achieving such balance between formal and informality is also just as crucial. 

For example, informality can lose some of the valuable educational gains (Ebrahim et al., 201). Themed 

games such as exogenous fantasy environments are found to be less effective in facilitating learning 

when compared to storyline embedded in the learning material (Ke, 2008).  

c. Artificial Intelligence and adaptivity: Integration of artificial intelligence in SG is still at 

increasingly being exploredΦ Lǘ Ŏŀƴ ōŜ ǎŜŜƴ ƛƴ ǘƘŜ ŦƻǊƳ ƻŦ άŀύ ŀŘƧǳǎǘƳŜƴǘǎ ǿƛǘƘƛƴ ǘƘŜ ƎŀƳŜ ǘƘǊƻǳƎƘ 

ŀƎŜƴǘǎ ŀƴŘ ōύ ŀŘƧǳǎǘƳŜƴǘǎ ƻŦ ǘƘŜ ƎŀƳŜ ƛǘǎŜƭŦ ōȅ ƳŜŀƴǎ ƻŦ ŀŘŀǇǘƛǾƛǘȅέ όRavyse et al., 2017, p. 50). 

Oftentimes agents can act in the form of non-player characters (NPCs) who flag players when triggers 

are activated in the game. NPCs provide an alternative for students who are more accustomed to 

learning from facial expressions and intonation of their teachers (Johnson & Mayer, 2010) providing a 

new form of learning and information resource (Van Eck, 2006). Adaptivity, on the one hand, includes 

ǘƘŜ ŎƘŀƴƎŜ ƛƴ ƎŀƳŜΩǎ ŘƛŦŦƛŎǳƭǘȅ ōŀǎŜŘ ƻƴ ǘƘŜ ǇƭŀȅŜǊǎΩ ǇǊƻŦƛƭŜǎ ƛƴŘƛŎŀǘƛƴƎ ǎƛƎƴƛŦƛŎŀƴǘ ƭŜŀǊƴƛƴƎ ŜǎǇŜŎƛŀƭly 

in controlled groups (Soflano et al., 2015). Adaptivity can be closely linked with scaffolding as an 

approach to learning. Scaffolding promotes a gradual introduction of levels difficulty and practice 

ƭŜǾŜƭǎ ǎƻ ǇƭŀȅŜǊǎ Ŏŀƴ ŀŎŎƭƛƳŀǘƛǎŜ ǘƻ ǘƘŜ ƎŀƳŜΩǎ ƛƴǘŜrfaces (Ha¨ma¨la¨inen 2011; Hwang et al., 2013; Ke 

and Abras, 2013; Van Eck, 2006).  

d. Interaction: Player-to-player interactions are identified as leading game success factor (Ravyse 

et al., 2017). Whenever players share tactics and solutions with one another, collaboration, even if not 

intended for the game, becomes possible. On the one hand, accessibility and navigating through 

games can be both challenging and helpful for players. A game developed in Tabletopia, a widely used 

software to develop games, was found to be difficult to use and consumes a large amount of internet 

connections (Helmberger, et al., 2022). This is contrary to the report of Boljin et al. (2022) indicating 

that web-based games increase accessibility to participants. Digital format games are viewed as an 

enriching learning activity to reach a broader public response (Cosme & Turchen, 2020). Physical 

haptic tabletop games are also found to increase the exchanges among players and incite emotional 

engagements. Screen sizes should also be considered with at least 58 mm (2.28 in) size to foster better 

learning (Maniar et al., 2007). The general rule of thumb is for game developers to avoid complex 

interfaces because it would require a lot from novice players to become accustomed to the game and 

may induce cognitive load. Game interfaces should have straightforward dynamics (Gonza´lez-

Gonza´lez & Blanco-Izquierdo (2012). Games with hard-to-control mechanics such as the back-and-

ŦƻǊǘƘ ǳǎŜ ƻŦ ƳƻǳǎŜ ŀƴŘ ƪŜȅōƻŀǊŘǎ ŎƻƴǘǊƛōǳǘŜǎ ǘƻ ǎǘǳŘŜƴǘǎΩ ƭƻǎǎ ƻŦ ƛƴǘŜǊŜǎǘ ό½ƛƴ ϧ ¸ǳŜΣ нлмоύΦ 

Competition can also raise anxiety among players making them quit the game or avoid the learning 

aspects (Ravyse et al., 2017).  

e. Feedback and Debriefing: Several studies described reward systems as the most used learning 

tool in gamification (Miao et al., 2022). Rewards are utilised specifically to enhance user engagement 

and fosters behaviour (Radziszweski et al., 2021) and followed by equally helpful tools like feedback, 

competition, points, and goals among others (Miao et al., 2022). Game rewards should also be linked 

to learning outcomes to increase the likelihood of absorbing the intended impact of the game (Kiili, 

2005). Apart from reward systems, quick in-game feedback and instant updates are two game designs 

https://tabletopia.com/
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that Ŏŀƴ ǇǊƻǾƛŘŜ ƛƳƳŜŘƛŀǘŜ ŎŀǳǎŜ ŀƴŘ ŜŦŦŜŎǘ ǎŎƘŜƳŜ ƻŦ ǘƘŜ ǇƭŀȅŜǊǎΩ ŀŎǘƛƻƴǎ ŀƴŘ ǎƘƻǿŎŀǎŜ ŎƻƳǇŜǘƛǘƛǾŜ 

standing, respectively (Cheng and Annetta (2012); Johnson & Mayer (2010); Cheng et al. (2015); Kiili 

(2005); Kuk et al. (2012). Challenges and meanings, despite the two being categorically under the 

interaction domain, can also enhance the learning of players (Miao et al., 2022). Meaning provides 

specific actions that can create persuasive systems for players (Huber & Hilty, 2015). For instance, 

άǇŜǊǎǳŀŘŜέ as a meaning meant to change the behaviour towards environmental protection. 

Feedback mechanisms also improve memory and retention (Goodison, 2001). Time is also another 

worthy opponent of game players that can channel collaborative learning (Admiraal et al. 2014; 

Ha¨ma¨la¨inen, 2011; Kiili 2005; Schmitz et al. 2015). However, players competing against time may 

encourage them to prioritise the speed instead of the educational content (Menconi et al., 2025). 

Since SGs are highly embedded with constructivist theory, implementing time limits is counter-

intuitive to explore learning. Due to the competition against clock, players may find it difficult to satisfy 

both learning and playing. Moreover, inciting competition against other players is often discouraged 

especially if the learning aspect remains the focus of the research. Lastly, debriefing is considered to 

be the most important moment of the game for players to process and consolidate their in-game 

experiences (Crookall, 2014). The tool can be in the form of generated progress-tacking reports and 

memorable recollection of the game. Gonza´lez-Gonza´lez et al. (2014) mentioned that chat logs can 

serve as progress tacking suitable for post-game debriefing. This was supported by the review of 

Ravyse et al. (2017) claiming that chat interfaces enhance the success of multi-player SGs even if 

conversations are not about the learning material.  

The current study still acknowledges the immense work done by Ravyse et al. (2017) but arguably, more 

effort has to be undertaken. Specifically, exploring the game elements that actually capture the learning 

effectiveness among players. Hence, instead of assessing the SGs as a whole in imparting knowledge transfer, 

the current research deepens the scholarship by breaking down the elements within the game that help 

facilitate cognitive thinking processes. Furthering the exploration into game elements briefly shapes the 

methodological gap of the study.  
 

2.2.2 The Game Elements that inspire the Methodological Gap of the Study 

 Arguably, the over-exploration of interaction-centred studies (e.g. player to player interaction, player to 

game rules interactions) overlook the foundational game elements that activate what players learn with and 

how they engage with content.  Game elements conceptualisations vary. The examples can stem from 

scaffolding or the gradual introduction of concepts to acclimatise players, narrative, visual and auditory 

aesthetics, virtual environments, avatars and even rewards systems. A common recommendation that is 

frequently advanced is the need to break down these elements that capture and retain player attention 

(Menconi et al., 2025) and digest which elements actually contribute to learning (Boyle et al., 2016), 

particularly in KA. Drawing from this proposal, empirically investigating the distinct contribution of each 

game element is just as crucial as assessing the game experience and efficacy as a whole. Several studies 

already exist attempting to laser focus on game elements such as a) trivia (Aryaei, 2025; Vega-Gorgojo, 2019; 

Rai & Beck; 2017; Elm et al., 2016), b) quizzes (Karavidas, et al., 2024; Reimer et al., 2015; Brandão & 

Carvalho, 2014), c) in-game management related mechanics (Puritat, 2019; Seibert & Vis, 2012; Depigny & 

Michelin, 2007) and d) game events (Wouters et al., 2017; Van der Spek, 2013). For the sake of transparency, 
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it is worth-mentioning that the attempt is not groundbreaking, yet the infancy of the siloed game element 

studies in SG research still demands further empirical investigation.  

a. Trivia. Aryaei (2025) explores an AI-powered trivia game inspired by Duolingo, Who Wants to be a 

Millionaire? and AI Dungeon. The study addresses the repetitiveness and limited adaptability of trivia games, 

despite being popular (Argaei, 2025). Results demonstrate that AI-driven game design can contribute to the 

broader discussion in educational engagement. On the one hand, Clover Quiz, a turn-based multiplayer trivia 

game uses structured data from Wikipedia (Vega-Gorgojo, 2019). The research demonstrates the potentials 

of semantic technologies for collecting data and automated generation of multiple-choice questions. 

Another notable example is the game CLEVER, an integrate trivia-strategy game designed to encourage 

knowledge management skills at work (Elm et al., 2016) and Rai & Beck (2017) who used a trivia-style SG to 

assess the behavioural antecedents toward solar energy among residential households using a trivia-style 

SG.  

b. Quiz. Karavidas et al. (2024) implore an online quiz that act similarly as a SG to assess the knowledge 

of web technologies among students. Meanwhile, quiz, simulation, and adventure-type of learning were 

ŎƻƳǇŀǊŜŘ ǿƘŜǊŜƛƴ ǊŜǎǳƭǘǎ ǎǘǊŜǎǎ ǘƘŀǘ ƎŜƴŘŜǊ Ŏŀƴ Ǉƭŀȅ ǊƻƭŜǎ ƛƴ ŜǾŀƭǳŀǘƛƴƎ ǎǘǳŘŜƴǘǎΩ ŀǘǘƛǘǳŘŜǎ ŀƴŘ ǇŜǊŎŜǇǘƛƻƴǎ 

when engaging with SG. [ŀǎǘƭȅΣ .ǊŀƴŘńƻ ϧ /ŀǊǾŀƭƘƻ όнлмпύ ŎǊŜŀǘŜ άD!a9 v¦L½έΣ ŀƴ ƻƴƭƛƴŜ ǇƭŀǘŦƻǊƳ ǿƘƛŎƘ 

intends to enhance the interest of children in promoting Information and Communication Technology in 

Portugal.  

c. In-game management. Madani et al. (2017) compiled SG on environmental management. Meta-

analysis result emphasises that conflict resolution, water management, irrigation, and ecosystem ecology 

were some of the ubiquitous themes in environmental management. Notable in-game management-related 

(direct use of resources to address game challenges) SGs include Aqua Republica which challenges players 

to manage a catchment similar to real-life scenarios (Puritat, 2019; Madani et al., 2017), and Irrigania where 

players have to manage shared surface and ground water resources within the village (Seibert & Vis, 2012). 

Moreover, Shrub Battle trains future rural planners become aware of the complex interrelationships 

between agricultural practices in farming (Depigny & Michelin, 2007) while a game targets to promote 

awareness in finding the middle ground decision between forestry practitioners and herdsmen were 

explored in Industrail Chlorine Transport Metagame Sylvopast (Bots & Hermans, 2003).  

d. Game events. Lastly, the game Code Red Triage designed by der Spek et al. (2012) explores three 

surprising events that trigger decision-making activities. The findings reveal that participants obtained 

increased knowledge, entailing that surprising events can foster deeper learning. Meanwhile, a study on 

surprising events shows activated triggers, for instance, non-player characters, indicating that surprises can 

be beneficial for higher level students. The study stresses that narrative techniques as surprises can be 

integrated in game-based learning (Wouters et al., 2016). On the similar vein of surprising events, details the 

role of surprising events for unwinnable games. The research mentioned that in-game surprises evoke 

players to assess their game status (i.e. winning or losing) (Isnanda et al., 2023). Key takeaway from the work 

suggests that delaying the revelation of surprising events promote the same level of donation as part of 

social change (Isnanda et al., 2023). 

Trivia and quizzes are two of the popular mechanisms to deliver messages on environmental issues mostly 

catering the educational capacities of children (Razali et al., 2022). Quiz is also considered as the simplest 

type of SG that are widely known for quick acquired knowledge assessment (Reimer & Schrader, 2015). 

Contextualisation of complex systems (e.g. carbon cycle, Razali et al., 2022) an underexplored topic, which 
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in a way, aligns with the lack of system-centred SG. This is where the addition of in-game management comes 

handy wherein beyond fact-sharing, environmental processes can be further explored. Games designed to 

sharpen management skills, particularly in environmental sustainability challenges, are effective in imparting 

first-hand experience that is otherwise costly, or difficult to implement in reality (Madani, Pierce, Mirchi, 

2017). Meanwhile, the addition of game events that trigger decision-making create uncertainty, which 

potentially heighten the players cognitive interest (Campion, Martins & Wilhelm, 2009). Game events can 

also trigger players to trust their earlier preconceptions of the game which entails them reevaluating what 

they know, what they have acquired and have missed from the game (Kitnsch, 1980). This situation heightens 

cognitive attention, potentially stimulating better knowledge absorption (Wouters, et al., 2016).  

Conversely, there still remains gaps that requiring bridging and unpacking, making the four game 

elements worth-exploring. ¢ƻ ǘƘŜ ōŜǎǘ ƻŦ ŀǳǘƘƻǊΩǎ ƪƴƻǿƭŜŘƎŜΣ ŎƻƳōƛƴƛƴƎ ƎŀƳŜ ŜƭŜƳŜƴǘǎ ǎǳŎƘ ŀǎ ǘǊƛǾƛŀΣ 

quizzes, in-game management of resources, and game events, albeit concurrently integrated in one SG, have 

never been altogether evaluated empirically. 

2.2.3 Sustainability Compass 

Apart from combining the 

aforementioned game elements, the 

study also introduces an innovative 

intervention to address the 

methodological gap: the Cognitive 

Sustainability Compass (Figure 5). For 

context, the Sustainability Compass is 

an emerging tool or framework that 

fosters social learning to address 

sustainability (Sajeva et al., 2024). The 

intelligent use of compass to expand 

the three pillars of sustainability has 

been applied into several contexts. For 

instance, the Agri Sustainability 

Compass, developed by the European 

Union, details 20 key sustainability 

indicators (Food and Agriculture 

Organisation, n.d.; European Commission, n.d). Likewise, Sajeva et al. (2024) used the Sustainability Compass 

through case studies in Finland and Estonia contextualised in cross-border aquaculture and Finnish wind 

energy project. Another interpretation integrates several frameworks to create a cohesive set of metrics for 

food systems (Hebinck et al., 2021). Lastly, using an evaluation tool from absolute 0-100 performance scale, 

The Compass Index of Sustainability reflects its adaptability from small communities to larger regions to 

address sustainable development (AtKisson & Hatcher, 2005).  

Integrating the Sustainability CƻƳǇŀǎǎ ƛƴ ǘƘŜ ŎǳǊǊŜƴǘ ǎǘǳŘȅΩǎ ŜȄǇƭƻǊŀǘƛƻƴ ǇǊŜǎŜƴǘǎ ǘǿƻ ƻǇǇƻǊǘǳƴƛǘƛŜǎΦ 

Firstly, the flexibility of the tool provides enough room for innovation and contextualisation within the 

intended learning output of the study (i.e teaching Pc). The approach enables assessment of KA outside the 

limits of the game (e.g. gameplay, virtual environment, game rules). Such method widens the possibility of 

CƛƎǳǊŜ рΦ ¢ƘŜ ƛƴƛǝŀƭ ŎƻƴŎŜǇǘǳŀƭƛǎŀǝƻƴ ƻŦ ǘƘŜ /ƻƎƴƛǝǾŜ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ 
ŎƻƳǇŀǎǎ ǎƘƻǿƴ ǘƻ ǇƭŀȅŜǊǎ ǘƻ ǇǊƻǾƛŘŜ ŜȄŀƳǇƭŜ ƻŦ Ƙƻǿ ǘƻ ŎƻƴǎǘǊǳŎǘ ƻƴŜΦ  

https://agridata.ec.europa.eu/extensions/compass/compass.html
https://agridata.ec.europa.eu/extensions/compass/compass.html
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ŜǾŀƭǳŀǘƛƴƎ ǇƭŀȅŜǊǎΩ ŀōƛƭƛǘȅ ǘƻ ŜȄǇŀƴŘ ǘƘŜ ƪƴƻǿƭŜŘƎŜ ǘƘŜƛǊ ŀŎǉǳƛǊŜŘ ǘƻ ǿƛŘŜǊ ƛǎǎǳŜǎ ōŜȅƻƴŘ ǘƘŜ ƭŜŀǊƴƛƴƎ 

objectives, such as the potential contextualisation of players within the three pillars of sustainability. 

Secondly, the compass may complement the proposal that more investigation is much needed to assess 

creativity in game-based learning (Shute & Rahimi, 2021), albeit, argumentatively, will be outside of the limits 

of the game. Since the current research is firmly situated within the domain of cognitive processes, it is both 

reasonable and necessary to incorporate the full six hierarchies of BCD, be it the facilitation occurring inside 

(e.g. during gameplay) or outside the game (post-game reflection). Debriefing is considered to be an 

important component of gameplay where players can consolidate and reflect on their experience (Crookall, 

2014), which the Sustainability Compass can provide space for.  

¢ƻ ǘƘŜ ŀǳǘƘƻǊΩǎ ōŜǎǘ ƪƴƻǿƭŜŘƎŜΣ the complementary assessment both during game play and post-

game reflection has yet to be done, particularly the use of partial least equation modelling and sustainability 

compass as complementary debriefing tools. The Cognitive Sustainability Compass is the first of its kind to 

use the sustainability compass concept as a post-game reflective tool while simultaneously completing the 

full six-level hierarchy facilitation of BCD. What makes the approach truly unique is its dual role. The cognitive 

compass both captures immediate evidence of cognitive skill development but also bridges the gameplay 

outcomes to longer-term sustainability thinking. By embedding social, environmental and economic lenses 

within the debriefing process, the compass extends conventional knowledge tests and replaces with holistic 

framework for translating in-game learning into real world sustainability insights.  

           2.3 Serious Games in Pest Management: The Empirical Gap 

The application of SG in forestry has only emerged after 2015 (Hernandez-Aguilera et al., 2020). Nearly 

a decade after, the literature review of the current study still suffered from the lack of sufficient material 

(n=10) in the domains of forestry, and tree health, particularly in pest management. This presents a 

significant window to explore empirical investigations in SG research by fortifying the roles of SG in 

agriculture, testing pedagogical innovations in forestry and advancing sustainability issues. The conservation 

and climate risk sectors being predicted to shape the themes in SG arena (Hernandez-Aguilera et al., 2020) 

lay the groundwork for pest management as more empirical research is required to fully utilise the power 

and impact of digital SG in facilitating KA.   
 

2.3.1 Forestry, Tree Health and Pest Management as Unchartered Territories in digital SG research 
 

A total of 10 SG-focused studies, where 9 are empirical evidences, were compiled in the current research 

(Annex A). The topics covered a larger umbrella in forestry, tree health, and pest management. Specifically, 

majority of the games compared aimed to increase public awareness in cross-cutting issues such as 

reforestation, urban tree diversity, forest futures, illegal logging, and IPM. Socio-ecological forestry issues 

like deforestation and illegal logging were explored in MineSet and Forest Ranger, respectively. MineSet is a 

digital role-playing game developed to facilitate engaging experiences in managing deforestation issues 

(Waeber et al., 2023) while Forest Ranger uses digital 2D interfaces to inform the public about illegal logging. 

Similarly, in an unfinished game called Save A Tree, characters attempting to cut down trees were taken 

down by players using axes, albeit, requiring less violent features for future improvement (Maharaj, 2015). 

Maharaj (2015) also reported two similar uncompleted game as a result of the competition άDŀƳƛŦƛŎŀǘƛƻƴ 

ŦƻǊ ¢ǊŜŜ IŜŀƭǘƘέΦ tǊƻǘŜŎǘ ǘƘŜ tƭŀƴŜǘ has a catchy musical theme embedded in the game with features 

effective for children about teaching plant health. Tree Diversity Simulator, on the one hand, enables players 
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to purchase and plant trees. Ecological components such as disease, economic transactions between players 

and other characters are some of the planned features to be added in the future (Maharaj, 2015). 

 Apart from games tackling complex socio-ecological challenges, solution- building-centred games were 

also included in the literature reviewΦ .ŜƴƴƛΩǎ CƻǊŜǎǘ ǘŜŀŎƘŜǎ ǇƭŀȅŜǊǎ ŀōƻǳǘ ǊŜŦƻǊŜǎǘŀǘƛƻƴ practices and its 

coupled complexities in an immersive 3D simulation game (Bolijn et al., 2022) while ES-Hunt uses available 

tree cadastres (detailed registry of trees) to learn concepts such as tree diversity and ecosystem services 

(Menconi et al., 2025). Notably, the game IMPACT: Forestry Edition trains professionals and relevant actors 

to creatively and holistically envision forest futures (Bengston et al., 2021). In the similar vein, Calendon uses 

financial game mechanics, reinforcing the students with the strategies in forestry programs (Batson & 

Coleman, 2008). The game features have potentials to learn about pests and diseases appreciating the roles 

of tree diversity in resilience-building (Coleman, 2017). Games such as Calendon (Batson & Coleman, 2008) 

and the result of Gamification for Tree Health competition (Maharaj, 2015) showed the already existing 

interests in tree health pedagogy using SG; a case that may also apply in IPM.  

 Three games broadly used for students are worth-mentioning, potentially paving ways for other topics 

under tree health such as pest management to emerge (Figure 6). Insect World is an analogue card game 

with role-playing game interactions teaches insect taxonomy, physiology, morphology and behaviour 

embedded in the 288 cards (Cosme & Turchen, 2020). A key finding from the research highlighted that 

players were able to create strategies based on the information from each card and manual facilitated the 

linkage between the insect and another card (Cosme & Turchen, 2020). Additionally, Spotted-Stop-It is 

another 2D mobile game that aims to incite the interests and participation as well as disseminate knowledge 

of the management of pests (de la Vega et al., 2022). The game was specifically inspired by the soft-skin fruit 

pest spotted wing Drosophila (Dropohila suzukii). Through image information provided in the game without 

the overreliance on pre-knowledge about insects. The narrative and association, participants were able to 

identify the spotted wing Dropohila. The management practices integrated in  

the game enabled participants to identify practices such as the harvest frequency, sanitation and alternative 

hosts during the gameplay (de la Vega et al., 2022). Lastly, Pest Quest, with its two game versions that come 

CƛƎǳǊŜ сΦ  ό¢ƻǇ [ŜƊύ {ŀƳǇƭŜ ƻŦ ŎŀǊŘǎ ƛƴ ǘƘŜ LƴǎŜŎǘ²ƻǊƭŘ ƎŀƳŜΤ όwƛƎƘǘύ ! ǎŎǊŜŜƴǎƘƻǘ ƻŦ ǘƘŜ ƳƻōƛƭŜ ƎŀƳŜ {ǇƻǧŜŘπ{ǘƻǇπLǘΤ ό.ƻǧƻƳ ƭŜƊύ LƳŀƎŜǎ 
ƻŦ ǘƘŜ ǘŀōƭŜǘƻǇ ŀƴŘ ŘƛƎƛǘŀƭ ǾŜǊǎƛƻƴ ƻŦ tŜǎǘ vǳŜǎǘΦ {ƻǳǊŎŜǎΥ ό¢ƻǇ [ŜƊύ /ƻǎƳŜ ϧ ¢ǳǊŎƘŜƴΣ нлнлΤ όwƛƎƘǘύ ŘŜ ƭŀ ±ŜƎŀ Ŝǘ ŀƭΦΣ нлннΤ ό.ƻǧƻƳ ƭŜƊύ 
IŜƭƳōŜǊƎŜǊ Ŝǘ ŀƭΦΣ нлннΦ  
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in digital and analogue formats, aims to increase the knowledge of the players in three domains, namely IPM 

terminologies, philosophies and decision-making (Helmberger et al., 2022). The students who underwent 

the treatment said their understanding about insect pest management, the advantages and disadvantages 

of pesticides and the economics of farming have improved significantly (Helmberger et al., 2022). 
 

2.3.2 The Empirical Gap of the Study 
 

All the compiled studies stress the importance of connecting game design with the learning intent. 

Helmberger and colleagues (2022) cited that their assessment methods would have been better if the kinds 

of learning the game provides are included. Meanwhile, de la Vega et al., (2022) suggested that the game 

can be adopted globally with a few changes in the farmer and non-crop alternative hosts alongside different 

language versions as future game features. Lastly, Cosme & Turchen (2020) highlighted that the amount of 

information required to build a strategy and read the manual posed difficulties among players. The current 

study posits that such limitations can be addressed in an empirical context. Taken into consideration the 

methodological and theoretical application gap discussed earlier, this study embraces the recommendations 

to assess learning in the lens of KA (Helmberger et al., 2022) while developing ways to avoid the overly rich 

presentation of information (Cosme & Turchen, 2020), and other related literature (Annex A-C). Similarly, de 

ƭŀ ±ŜƎŀ Ŝǘ ŀƭΦΩǎ όнлннύ Ŏŀƭƭ ŦƻǊ non-crop alternative hosts make the invasive pathogen Pc as a compelling 

empirical caseΦ tƘȅǘƻǇǘƘƻǊŀΩǎ ŘŜǾŀǎǘŀǘƛƴƎ ŜŦŦŜŎǘǎ ƛƴ ƘƻƭƳ and cork oaks in the Dehesa ecosystem in Spain 

shows promising contextualisation, aiding the current need for more advanced SG-research in pest 

management.  

To successfully integrate Pc as the empirical case study, the four game elements are defined below, 

drawing inspirations from earlier studies.  

a) Trivia. Trivia refers to short, fact-based questions or statements designed to provide players with 

essential background knowledge about Pc, including its characteristics, history, and ecological 

impact. The trivia drew inspiration from Cosme & Turchen (2020ύΩǎ ŦƛƴŘƛƴƎǎ ǿƘŜǊŜ ƴŀǊǊŀǘƛǾŜ ŀƴŘ 

information from game cards and manuals can facilitate the linkage between technical concepts, 

thereby, encouraging the players to create strategies based on the information provided.   

b) Quiz. vǳƛȊ Ŏƻƴǎƛǎǘǎ ƻŦ ǎǘǊǳŎǘǳǊŜŘ ǉǳŜǎǘƛƻƴǎ ǘƘŀǘ ǘŜǎǘ ǘƘŜ ǇƭŀȅŜǊΩǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ŎƻƴǘŜƴǘ 

presented in each level of the game. These include multiple-choice, and matching questions related 

ǘƻ ǘƘŜ ǇŀǘƘƻƎŜƴΩǎ ǎǇǊŜŀŘ ƳŜŎƘŀƴƛǎƳǎΣ ƳŀƴŀƎŜƳŜƴǘ ǇǊŀŎǘƛŎŜǎΣ ŀƴŘ ƎŜƴeral knowledge. Quizzes help 

assess how much players have learned and retained. The inclusion of economic-centred quizzes 

adapted the findings of Batson & Coleman (2008) where financial components of the game 

CALENDON invites players to tackle strategies that can result in successful forestry programs. 

Additionally, the inclusion of characters in the game and game rules allowing collaboration when 

answering quizzes and tǊŜŀǘƛƴƎ ƛƴŦŜŎǘŜŘ ǘǊŜŜǎ ǊŜǇƭƛŎŀǘŜ ²ŀŜōŜǊ ŀƴŘ ŎƻƭƭŜŀƎǳŜǎ όнлноύΩǎ ŦƛƴŘƛƴƎ ƻƴ 

bringing stakeholder roles enables students to learn about stakeholder engagements in addressing 

deforestation. 

c) In-game management or In-game resource management. In-game management refers to the 

decision-making tasks players perform to simulate controlling the spread of Pc. This includes 

selecting and applying sustainable biological practices such as the Trichoderma spp. application, use 

of calcium fertilizer, erecting a fence around trees and adding a root barrier. In-game management 

draws inspiration from Spotted-Stop-It game (de la Vega et al., 2022) where management practices 
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enabled participants to identify solutions such as harvest frequency, sanitation, and alternative hosts 

during game play. Moreover, empirically investigating this game element was also based on the 

results of Waeber et al. (2023) where simulations can provide problem-solving skill development 

among players especially when games have illustrative examples that increase the interactions and 

encourage solution-building. Similarly, role-playing games (RPG) and RPG-related designs offer 

flexibility in decision making and problem-solving engagements (Cosme & Turchen, 2020) which the 

in-game resource management attempts to mimic. 

d) Game events.  Events are interactive scenarios or problem-solving activities embedded in the game 

that require players to apply higher-order thinking skillsτsuch as analysing, applying and evaluating. 

These include the analysis of the infestation through the treasure box which activates transmission, 

and the pop-up events that challenge players to apply the knowledge they just unlocked. Game 

events build on recommendation of Ruta (2009) where players who are given opportunity to apply 

the knowledge to different contexts complements learning beyond just providing information. 

Additionally, game events have appealing storyline such as sudden pour of rain, farm activities like 

chopping down of trees that facilitate pathogen transmission, and quick challenge activation after 

unlocking trivia. Storylines like these align with recommendations to include learning material with 

narratives and allows players to progress once they display correct behaviour within the game 

(Ravyse et al., 2017; Ke & Abras, 2013; Ke, 2008).  

e) All Game Design. It is worth-mentioning that there are research findings that were encapsulated on 

all four game elements. These include creating a storyline and context that is connected to content 

rather than the intent of creating attractive visuals (Chent et al., 2014; Coucero et al., 2013; Bellotti 

et al., 2012). Reward system which is also embedded on all four game elements also enhances user 

engagement and fosters behaviour (Radziszweski et al., 2021; Helmefalk & Rosenlund, 2020; Cwil & 

Barnik, 2018). The game also follows the recommendation of Kiili (2005) to link the game rewards to 

the learning outcome.  
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3. STATEMENT OF THE PROBLEM, GOALS, OBJECTIVES  

AND HYPOTHESES 

 The fundamental issues identified from the literature review reinforce the theoretical application, 

methodological, and empirical gaps of the current study, requiring more efforts to fully understand SGΩǎ 

effectiveness in KA and its application in sustainability issues. Cognitive understanding (or KA), despite being 

one of the most commonly evaluated outcomes, is mainly analysed through a broad lens. Existing game 

effectiveness literature assesses knowledge absorption at a surface level without breaking down the 

cognitive process participants have gained. While relevant theories exist (e.g. cognitive, behaviourism, 

constructivism), there is a lack of operationalisation on how frameworks can be used to systematically 

analyse the different hierarchies of learning. BCD (Anderson & Krathwohl, 2001; Bloom et al., 1956) offers a 

promising approach to address such conceptualisation deficiency due to being widely used in guiding 

educators in pedagogical content structuring. Nonetheless, there still remains research windows for .ƭƻƻƳΩǎ 

taxonomy to operationalise in digital SG arena, heavily shaping the theoretical application gap of the study. 

In terms of methodological research gap, several exploratory yet pioneering studies have catapulted game 

design-focused understanding for the last three decades. The literature review, however, emphasised that 

foundational game design components remain underexplored, suggesting future research on which game 

elements actually shape learning. This is critical because the research community have contrasting 

conclusions on some game aspects. For instance, immersive environment and narratives are found effective 

in KA. However, caution must be exercised in game development since presenting overly mysterious and 

complex storylines can overpower the intended learning concepts. This nuanced interplay underscores the 

ƴŜŜŘ ǘƻ ŜƳǇƛǊƛŎŀƭƭȅ ƛǎƻƭŀǘŜ ŀƴŘ ŀǎǎŜǎǎ ǎǇŜŎƛŦƛŎ ŘŜǎƛƎƴ ŦŜŀǘǳǊŜǎ ǊŀǘƘŜǊ ǘƘŀƴ ŜǾŀƭǳŀǘŜ {DΩǎ effectiveness in KA 

as a whole. 

Finally, the literature review showed that there is a lack of SG applications in pest management despite 

the broader umbrella topics such as forestry and agroforestry already being explored. Promising games such 

as Spotted-Stop-It, Pest Quest, and Insect World have demonstrated the power of SG in facilitating 

knowledge in pest practices. Yet, the field of invasive species remains nascent with many more potential 

game design inspirations from invasion biology, demanding more empirical evidences and contextualisation. 

Drawing from the recommendations of the earlier SGs alongside the identified theoretical application and 

methodological gaps, the case of Pc ƛǎ ǇǊƻǇƻǎŜŘ ǘƻ ōŜ ǘƘŜ Ƴŀƛƴ ŜƳǇƛǊƛŎŀƭ ŎŀǎŜ ǎǘǳŘȅΦ ²ƛǘƘ ǘƘŜ ǇŀǘƘƻƎŜƴΩǎ 

three-decade long ŘŜǎǘǊǳŎǘƛǾŜ ƛƳǇŀŎǘǎ ƛƴ {ǇŀƛƴΩǎ 5ŜƘŜǎŀ ŜŎƻǎȅǎǘŜƳΣ ǘƘŜ ǊŜǎŜŀǊŎƘ ŀǊƎǳŜǎ ǘƘŜ ǊŜƭŜǾŀƴŎȅ ƻŦ tŎ 

to contribute in pest management education and digital SG research.  
 

3.1 Problems of the study 

Given the knowledge gaps identified, this study specifically addresses the general question: Can a 

serious game based on Pc (a) facilitate the ƭŜŀǊƴŜǊΩǎ KA about the pathogen across different cognitive 

thinking process based on BCD, and (b) contextualise the knowledge the participants acquired to the three 

pillars of sustainability? Specifically, two sub-questions govern the evidential exploration of the study, 

namely (a) Which specific game design elements have the strongest influence ǘƻ ǘƘŜ ƭŜŀǊƴŜǊǎΩ KA, particularly 

ǘƘŜ ǇƭŀȅŜǊǎΩ ŎƻƎƴƛǘƛǾŜ ǇǊƻŎŜǎǎ and learning content? and (b) What dominant cognitive linkages among the 

three sustainability pillars, game elements, and cognitive processes can emerge after playing the game? 
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3.2 Objectives of the Study 

The overarching goal of the study is to create a digital SG incorporating Pc as the empirical case study 

that can be accessed online and empirically tested to evaluate its efficacy. The objectives are divided into 

three domains aligning with the research questions and overall goal of the study. The sections involve game 

development, game testing, and performing quantitative and qualitative analysis.  

1. Game Development:  

a. To systematically develop game mechanics that reflect the real-world infestation 

mechanisms and management practices in handling Pc. The mechanics include the rules of 

the game and scoring matrix based on the review of related literature and the results of the 

key informant interviews.  

b. To create an internet-based accessible and navigable digital SG contextualising Pc as the 

empirical case.  

c. To test the produced digital SG with university-level students. The target groups are students 

exclusively ǇǳǊǎǳƛƴƎ aŀǎǘŜǊΩǎ degree and PhD education.  

2.Game Testing: 

a. To facilitate the game play from teaching the basic rules and mechanics of the game to 

documenting the issues that may arise, and recording the in-game performance of players.  

b. To assist the participants when answering the survey and facilitate the card-sorting activity 

(i.e. Cognitive Sustainability Compass) post gameplay. 

c. To gather the perspectives of the players during gameplay, specifically analysing the design 

elements that facilitated knowledge absorption and facilitation about Pc.  

3.Quantitative and Qualitative Analysis: 

a. To perform a sound quantitative and qualitative analysis of the data from the survey and key 

informant interviews.  

b. To analyse the in-game performance recordings, and to critically assess the specific game 

design elements that contributed in the learning facilitation during game play.  

c. To investigate which among the assessed game elements are helpful in aiding knowledge 

absorption to the players, later assisting in conceptual reflections on the three pillars of 

sustainability.  

Overall, this research aims (a) to provide empirical evidences on the efficacy of specific game design 

elements that facilitated content understanding (or KA) about Pc, and (b) evidential support about the 

application of knowledge acquired after playing the digital game, specifically to the three pillars of 

sustainability. The development of the board game serves as the main research intervention serving as the 

central output of the study supported by empirical data. 
 

3.3 Hypotheses of the Study 
 

The study posits that the Pc-inspired SG will serve as an effective tool to improve the knowledge of 

the participants about the spread mechanisms and infestation management. The results will demonstrate 

the knowledge understanding across multiple cognitive levels, albeit, anticipation on stronger facilitation 

over the other is expected. Specifically, the study hypothesises that trivia and quiz will facilitate lower-

order thinking processes, remembering and understanding, while in-game management and game events 
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will support middle- to higher-order thinking skills. Trivia likely supporting remembering stems from the 

study that typographical cues which are inherent among trivia can improve facts recall (Roberts, 2016). 

Meanwhile, quiz is more likely be coupled to understanding and analysing because the element can act as 

a tool for quick understanding or comprehension assessment (Shute, 2011). There is also a chance that quiz 

can manifest as a facilitator of remembering since literature claims that embedded checks can aid in 

memory retention (Roediger et al., 2006) and recall accuracy (Taveira-Gomes et al., 2015). Moreover, quiz 

not penetrating the higher-order skills can be bolstered by the study of Stranger-Hall (2012) stating that 

multiple-choice exams hinder higher thinking in science-related classes. In general, digital game-based 

learning promotes higher-order skills (Kgosietsile, 2023) while there is no pertinent evidence that game 

events and even tasks that require resource management would facilitate higher cognitive responses. 

Despite yet, given that interactive gameplay, scaffolded progression or the gradual introduction of game 

mechanics, and curriculum alignment concretises higher thinking process in SGs (Awang et al., 2024), the 

study hypothesises that in-game management and game events can also validate the successful facilitation 

of advanced thinking skills.  

Moreover, the research posits that players would cite more environmental sustainability concepts 

than social and economic sustainability reflections. Despite no study exists asserting that environmental 

pillars are expected to emerge more evidently when compared to social or economic dimensions, the 

wedding cake model illustrates that society lies within the biosphere while economy is embedded within 

society (Folke, et al., 2016). The framework argues that environment acts as the foundational system 

through which society and economy depends on (Folke, et al., 2016), thereby, underscoring the hypothesis 

that environmental sustainability themes would dominate the sustainability compass. To extend the 

hypothesis, studies show that social issues around sustainability are άinherently difficult to break down 

ƭƻƎƛŎŀƭƭȅέ όLǎƎǊŜƴ ϧ [ƻƴƎƻΣ нлнпΣ ǇΦ унмύΦ Additionally, the mere fact that social sustainability serves as a 

vague phrase to encompass wide ranging outcomes create conceptual overload, confusing definitions and 

confounding languages (Isgren & Longo, 2024). Lastly, the study expects that the sustainability compass 

would be least populated with economy-related responses. Given the inherently system complexity of 

economic concepts, capturing their essence would require building comprehensive mental modelling, and 

trade-off mechanisms (Spangenberg, 2005), which exceeds the analytical capabilities of non-economic 

proficient players.  
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4. METHODOLOGY 

The study utilises a mixed-method approach. The remaining parts of this section detail the research design, 

the relevant theoretical and conceptual frameworks, the sampling instruments and materials, the data-

gathering procedure, and the analyses performed.  

4.1 Research Design  

    The research design begins from the overarching aim of this study, namely to generate empirical evidences 

on the efficacy of game elements in cognitive process facilitation (Figure 7). A total of 15 related literature was 

consulted, analysed and organised (Annex A-D) to identify a) the current status of SG research in agriculture, 

sustainability, forestry, tree health, and pest management. As previously discussed, three knowledge gaps 

were addressed, circumnavigating the theoretical application, methodological, and empirical gaps. Proposed 

solutions are parallel to the gaps identified. The solution involves a) undertaking a deeper evaluation on the 

assessment of five cognitive thinking processes derived from BCD, b) departure from the widely explored game 

interaction-focused studies, instead underlining the importance of the evaluation of game elements that 

facilitate five cognitive thinking processes, and facilitate a cord-sorting activity to create Cognitive 

Sustainability Compass as a post-game reflection outside the game, and lastly c) contextualise Pc as an 

empirical case study.  

ADDIE model, a widely accepted model in creating instructional materials was adopted as the guiding 

principle in game development and testing (Figure 8). Furthermore, the mixed-method approach comprised 

three individualised and integrated clustered analysis. Firstly, the quantitative analysis utilises Partial Least 

Squares Structural Equation Modelling, addressing the first and second proposed solution to tackle 

methodological and theoretical application gaps. Secondly, the qualitative analysis harnesses the participant 

responses post-gameplay. The data covers the positive and negative feedback regarding the players 

interaction with the game elements as well as suggestions in improving the game. Lastly, the Cognitive 

Sustainability Compass was used to assess whether gamers can quickly use their acquired knowledge in wider 

sustainability challenges. The research design ends with writing the key takeaways, acknowledging the 

limitations, and advancing the route of future studies in the SG discipline.  

 

4.2 Prescriptive Research 

The study employs a prescriptive research design. Prescriptive research constitutes applied research 

inquiry wherein the development of solutions or new ideas are central to the study (Wollman, 2012). The 

ƛƳǇƭƛŎŀǘƛƻƴǎ ƎŜƴŜǊŀƭƭȅ ǘŀŎƪƭŜŘ ǳƴŘŜǊ ǘƘƛǎ ǘȅǇŜ ƻŦ ŀǇǇǊƻŀŎƘ ǊŜǾƻƭǾŜǎ ŀǊƻǳƴŘ ǘƘŜ ǉǳŜǎǘƛƻƴΣ άǿƘŀǘ ǎƘƻǳƭŘ be 

done ƴƻǿΚέΦ ¢ƘŜ ŎǳǊǊŜƴǘ ǎǘǳŘȅ ŀƭƛƎƴǎ ǿƛǘƘ this paradigm, given that SGs as tool in acquiring different KA 

hierarchies is thoroughly and consistently investigated. Moreover, this research paradigm is often used for 

educational intervention studies (Marley & Levin, 2011), a convergence that resonates with the position of 

SGs as an effective pedagogical solution.  

It is worth-noting the overlap with other research paradigms. The current research also reflects the nature 

of cross-sectional studies given that the quantitative and qualitative data are collected at one point in time. 

Explanatory or theory-driven research paradigm also matches the nature of the study provided that specific 

game elements that influence learning are also broadly analysed, more specifically on the operationalisation 
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of BCD. Additionally, the study does not aim to infer causality between the game elements and the cognitive 

acquisition of players, rather, the research targets to deduce statistical associations between these variables 

in the post-game context.   

4.3 Population Sampling Technique 

A total of 35 participants engaged in game testing and survey completion, while 17 participated in the 

Cognitive Sustainability Compass making. The study used convenience and self-selection sampling technique 

to identify the sampling unit. Convenience method is a technique categorized under non-probability sampling 

wherein the selection of sampling unit is based on convenience of the researcher. Participants that were 

recruited belong to the academic network of the researcher such as those who are taking the same degree 

programme (n= 10) (i.e. International Masters of Science in Rural Development), participants that finished the 

similar degree (n= 2, i.e. IMRD), and academic colleagues (n=10). Participants recruited under convenience 

sampling probably knew each other, but they had no prior experience with digital board games.  

In addition, the participant recruitment also underwent self-selection sampling; another domain under 

non-probability sampling. This sampling method involves participants (n=13) choosing to take part in the 

research on their own based on the Participant Recruitment Notice (Annex E) posted on LinkedIn and 

university newsletter in partnership with several universities in Europe. The recruitment resulted to 

collaborations with three universities, namely University of Freiburg (Germany), SPU Nitra (Slovakia) and 

Wageningen University and Research (the Netherlands). The participants recruited from this sampling method 

are students currently undertaking different environment-related degrees in Europe (n=13).  

4.4 Data-gathering Instruments 

The primary data collection instrument comprised a structured questionnaire (Annex F) and a card-sorting 

activity termed as Cognitive Sustainability Compass. The questionnaire includes six sections. The first section 

documents the socio-demographic profile of participants such as their age, gender, and country of origin. The 

second sectioƴ ŀǎǎŜǎǎŜǎ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ǇǊƛƻǊ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ŜȄǇŜǊƛŜƴŎŜ ƛƴ ǇƭŀȅƛƴƎ ŜŘǳŎŀǘƛƻƴŀƭ ƎŀƳŜǎΣ 

ǿƘŜǘƘŜǊ ŀƴŀƭƻƎǳŜ ƻǊ ŘƛƎƛǘŀƭ ŦƻǊƳŀǘΦ ¢ƘŜ ǎŀƳŜ ǉǳŜǎǘƛƻƴƴŀƛǊŜ ŎƻƳǇƻƴŜƴǘ ŀƭǎƻ ǊŜǉǳŜǎǘǎ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎΩ 

knowledge in life science-centred and university-level courses, and prior work or internship experience related 

to several environment and agriculture-related areas. Meanwhile, the third section evaluates the satisfaction 

and engagement of the players while the fourth comprehensively evaluates four game elements examining 

their assistance in acquiring knowledge during gameplay. The fifth section measures how game testers are 

able to remember, understand, apply, analyse, and evaluate the game situations and challenges. The 

ǎǘǊǳŎǘǳǊŜŘ ǉǳŜǎǘƛƻƴƴŀƛǊŜ ŘƛŘ ƴƻǘ ŜƴǉǳƛǊŜ ŀōƻǳǘ ΨŎǊŜŀǘƛƴƎΩ ŀǎ ǘƘƛǎ ǿŀǎ ƭŀǘŜǊ ŀǎǎŜǎǎŜŘ Ǉƻǎǘ-gameplay.  The last 

section of the questionnaire encourages participants to provide general feedback both positive and negative, 

as well as things that can be improved in the game. In average, participants answered the questionnaire for 

12 minutes.  

Meanwhile, the card-sorting activity aims to capture the highest cognitive hierarchy---create. The task 

involves matching the four game elements, the five cognitive thinking skills, and the list of sustainability 

concepts categorising them into environmental, economic, and social concepts. The result of this activity 

shapes the Cognitive Sustainability Compass that are useful in determining the efficacy of each cognitive 

hierarchy in understanding sustainability concepts. Each sustainability pillars have ten suggested concepts 

where participants can reflect on and given the option to add more ideas that were not on the provided 
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themes. Participants are given eight minutes to reflect on the game and match the different cards to suit their 

reflections after gameplay. During the card-sorting session, the researcher asked several questions to help the 

participants with the task (Annex G). Majority of the questions encourages the respondents to revisit the 

knowledge or insights they gained, describe the specific concept or process they understood in the game, and 

associate environmental, social, and economic challenges that they identified beyond the scenarios the game 

has presented. In average, participants spent ten minutes discussing their Cognitive Sustainability Compass 

(Figure 8).  

4.5 ADDIE Model 

 The ADDIE model is a five-phase approach widely employed in the development of learning solutions 

(Molenda, 2003) (Figure 9). Under Phase 1, Analyse, the theme pronounces the creation of a digital board 

game that will be accessible online with the main goal of teaching players how to identify spread mechanisms 

and evaluation of the suitable solutions to stop further pathogen infestation. The goal of the pedagogical 

digital game responds to the lack of interactive material that focuses on Pc where the target audience is 

university-level students, through which the complexity of the game, narratives, and learning content are 

specifically tailored for. The second phase, Design, details the learning objectives of the game which are 

parallel to the overall theme. Specifically, players are expected to learn the basic information about the history 

of infestation, the ecology, and early symptoms of the tree diesease. Additionally, gamers must also identify 

the transmission processes, both induced by biophysical and human- and invertebrate-mediated factors. As 

previously mentioned, scaffolding serves as the pedagogical delivery approach wherein game concepts, 

objectives, and resources are slowly introduced as players progress in the game. Feedback system is 

manifested in different forms. For instance, player win different stars as they face pathogen, correctly answer 

quizzes, fulfil the game challenges through events, and treat infected and protect healthy trees. Moving on to 

the 3rd phase, Genially was used as the main game development software wherein a total of 6 published 

articles on Pc was utilised to build the trivia, conceptualise the infestation solutions and heavily shape the 

content and game progression in game events. The first version of the game (Annex H) received critics from 

profesors and expert in Pc (n=5) highlighting the overwhelming graphics due to farm size and visual load. The 

validators recommended to divide the game to digestible levels where the landscape typology evolves as the 

game progresses. Meanwhile, similar points for improvement where mentioned by students (n=3), stressing 

the clear game instructions on how to begin and navigate the game, absence of reward system to motivate 

players, and excessive visual load that causes confusion. After the consultation, the game was revised and 

entered the implementation stage. Data-gathering was conducted from June to July, 2025, facilitating 35 

players in total. Lastly, three analyses were used to evaluate both in-game performance, and post-game 

reflections through questionnaires and card-sorting activity.  

 

https://genially.com/
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CƛƎǳǊŜ тΦ ¢ƘŜ ǊŜǎŜŀǊŎƘ ŘŜǎƛƎƴ ƻŦ ǘƘŜ ǎǘǳŘȅΣ ŘŜǘŀƛƭƛƴƎ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ǊŜǾƛŜǿ ǇǊƻŎŜǎǎΣ ǘƘŜ ƎŀƳŜ ŘŜǾŜƭƻǇƳŜƴǘ ŦƻƭƭƻǿƛƴƎ ǘƘŜ !55L9 ƳƻŘŜƭΣ ŀƴŘ 
ǘƘŜ ŘƛũŜǊŜƴǘ ŀƴŀƭȅǎŜǎ ǇŜǊŦƻǊƳŜŘΦ 
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4.6 Game Play 

There are two modes of game play that were performed in the study, namely online and in-person game 

play (Figure 10). All players were provided with a two-minute game instruction material with audio and video 

support at least two days prior to their schedule. For both cases, the researcher first introduced the game 

inspiration of Silent Spread, the definition of SGs, and BCD. The discussion then proceeded with the basic 

instructions for Level 1 such as activating the game, selecting the game avatars, treating the infected trees, 

and player movement across the digital boards. Afterwards, the researcher sent the link of Silent Spread via 

Zoom chat for those who joined the online facilitation while the researcher used his own laptop to facilitate 

the in-person playing. All players then shared their screen and their game performance was recorded through 

the Zoom record function. A total of 12 game sessions were recorded, composed of 6 sessions for each 

gameplay mode. The total duration of each level is ten minutes, 12 minutes and 15 minutes for Levels 2 and 

3, respectively. The assigned duration (or timer) on each level is arbitrary but still follows the scaffolding 

CƛƎǳǊŜ уΦ {ƻƳŜ ŜȄŀƳǇƭŜǎ ƻŦ ǇƭŀȅŜǊǎ ŜƴƎŀƎƛƴƎ ǿƛǘƘ ǘƘŜ ŎŀǊŘπǎƻǊǝƴƎ ŀŎǝǾƛǘȅ ǘƻ ŘŜƳƻƴǎǘǊŀǘŜ ǘƘŜƛǊ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ǊŜƅŜŎǝƻƴǎ ŀƴŘ ŎǊŜŀǘŜ ǘƘŜƛǊ 
ƻǿƴ /ƻƎƴƛǝǾŜ {ǳǎǘŀƛƴŀōƛƭƛǘȅ /ƻƳǇŀǎǎΦ  

https://www.canva.com/design/DAGsLprqoNU/sExSd8Uh4EIe4_wYAaszYw/watch?utm_content=DAGsLprqoNU&utm_campaign=designshare&utm_medium=link2&utm_source=uniquelinks&utlId=h5d075ef266
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approach where the level duration accounts the increasing number of game elements (i.e. trivia, quizzes, and 

in-game management resources) as the game progresses.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CƛƎǳǊŜ фΦ ¢ƘŜ !55L9 ƳƻŘŜƭ ŘŜƳƻƴǎǘǊŀǝƴƎ ǘƘŜ ƪŜȅ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǘƘŜ ƎŀƳŜ ŘŜǾŜƭƻǇƳŜƴǘ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ŬǾŜπǇƘŀǎŜ ŀǇǇǊƻŀŎƘΦ 

CƛƎǳǊŜ млΦ  tƭŀȅŜǊǎ ǇŀǊǝŎƛǇŀǝƴƎ ǘƘǊƻǳƎƘ ŜƛǘƘŜǊ ƛƴπǇŜǊǎƻƴ ǿƘŜǊŜ ǘǿƻ ǘƻ ǘƘǊŜŜ ǇƭŀȅŜǊǎ ŀŎŎŜǎǎ ǘƘŜ ƎŀƳŜ ǳǎƛƴƎ ǘƘŜ ǎŀƳŜ 
ƭŀǇǘƻǇΦ aŜŀƴǿƘƛƭŜΣ ǘƘŜ ƻƴƭƛƴŜ ƳƻŘŜ ŜƳǇƭƻȅǎ ½ƻƻƳ ŀƴŘ ŦŀŎƛƭƛǘŀǘŜŘ ōȅ ǘƘŜ ǊŜǎŜŀǊŎƘŜǊΦ  
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4.7 Statistical Tools 

4.7.1 Structural Model 

     Before the quantitative analysis is discussed, it is imperative to explain the variables in the structural 

model. The exploratory nature of this research draws from BCD (Anderson & Krathwohl, 2001; Bloom, 1956) 

and results of the systematic review. The structural model (Figure 11) is designed to investigate how game 

elements contribute in shaping various cognitive thinking processes, addressing the theoretical application 

and methodological gaps of the study. The four elements investigated include a) trivia, b) quiz, c) in-game 

management, and d) game events constituting the exogenous constructs of the structural model. These 

ŎƻƴǎǘǊǳŎǘǎ ǎŜǊǾŜ ŀǎ ǘƘŜ ƛƴŘŜǇŜƴŘŜƴǘ ƭŀǘŜƴǘ ǾŀǊƛŀōƭŜǎΣ άǇǊŜŘƛŎǘƛƴƎ ŀƴŘ ǇǊƻǾƛŘƛƴƎ ǘƘŜ Ǉƻƛƴǘ ǘƘǊƻǳƎƘ ǿƘƛŎƘ ǘƘŜ 

ǾŀǊƛŀƴŎŜ ƻǊ ǘƘŜ Ŏŀǳǎŀƭ ǊŜƭŀǘƛƻƴǎƘƛǇ ŀǎǎŜǎǎƳŜƴǘ ƛƴƛǘƛŀǘŜǎέ όIŀƛǊΣ Ŝǘ ŀƭΦΣ нлннΣ ǇΦ мсύΦ .Ŝƛƴg an exogenous entity 

in the model, these constructs are not explained by any other construct, meaning their variance is 

determined outside the structural model. Despite yet, exogenous constructs are critical in providing 

predictive power to explain the network of relationships. The study does not explicitly adopt predefined 

framework for the game elements, rather, their inclusion is grounded from the results and recommendations 

of existing literature on SG research, ensuring that the overall conceptual framework design is informed by 

scholarly evidence.  

CƛƎǳǊŜ ммΦ  ¢ƘŜ ŎƻƴŎŜǇǘǳŀƭ ŦǊŀƳŜǿƻǊƪ ƻŦ ǘƘŜ ǎǘǳŘȅ ƛƴǘŜƎǊŀǘŜǎ ǘƘŜ ƎŀƳŜ ŜƭŜƳŜƴǘǎ ŀǎ ŜȄƻƎŜƴƻǳǎ ŎƻƴǎǘǊǳŎǘǎΣ ǘƘŜ ŬǾŜ ŎƻƎƴƛǝǾŜ ǘƘƛƴƪƛƴƎ 
ǇǊƻŎŜǎǎŜǎ ǎŜǊǾƛƴƎ ŀǎ ǘƘŜ ƳŜŘƛŀǘƻǊǎΣ ŀƴŘ ǘƘŜ ƛƴǘŜƴŘŜŘ ƭŜŀǊƴƛƴƎ ŎƻƴǘŜƴǘ ǘƻ ǇǊƻǇŜǊƭȅ ŎƻƴǘŜȄǘǳŀƭƛǎŜ tŎ ŀŎǘǎ ŀǎ ǘƘŜ Ŭƴŀƭ ŜƴŘƻƎŜƴƻǳǎ 
ŎƻƴǎǘǊǳŎǘΦ {ƻǳǊŎŜΥ !ǳǘƘƻǊϥǎ ƻǿƴ ƛƴǘŜǊǇǊŜǘŀǝƻƴ ƛƴǎǇƛǊŜŘ ōȅ ǘƘŜ ƎǊŀǇƘƛŎǎ ƻŦ ǘƘŜ ƎŀƳŜΦ 5ŀǎƘŜŘ ƭƛƴŜǎ ǊŜǇǊŜǎŜƴǘ ǘƘŜ ǇŀǘƘǿŀȅǎ ǘƻ ōŜ ǘŜǎǘŜŘ 
ǳǎƛƴƎ t[{π{9aΦ  
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The mediators of the model utilise the cognitive hierarchies, which include a) remembering, b) 

understanding, c) applying, d) analysing, and e) evaluating. It is worth reiterating that the highest thinking skill 

ΨŎǊŜŀǘƛƴƎΩ ǿŀǎ ƴƻǘ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ǎǘǊǳŎǘǳǊŀƭ ƳƻŘŜƭ ōǳǘ ǿƛƭƭ ƭŀǘŜǊ ōŜ ŀǎǎŜǎǎŜŘ ƻǳǘǎƛŘŜ ǘƘŜ ƎŀƳŜ Ǉƭŀȅ ǘƘǊƻǳƎƘ 

the Cognitive Sustainability Compass. Mediators are special endogenous constructs bridging exogenous and 

the final endogenous constructs (Hair et al., 2022). They help explain how and why an effect occurs which is 

often assessed through indirect effects on PLS-SEM. In this study, specific indirect effects were used instead 

because they capture mediating processes, rather than assuming indirect effect.   

Understanding the learning outcomes solely through the lens of cognitive domains does not cover the 

empirical gap of the study. This disables the opportunity to assess the content-specific knowledge gained 

which is a critical objective to properly contextualise Pc. Thus, learning content was embedded to explore 

three learning themes serving as the final endogenous constructs. Endogenous constructs are the dependent 

variables in the structural model. The learning content includes KA for a) general information about the 

pathogen, b) spread mechanisms, and c) management practices. Their variance is explained by the structural 

relationships and often assessed through measures such as coefficient of determination. These learning 

outputs (or learning content) are defined as the following: 

(a) General Information about the pathogen. This theme includes the ecology of Pc such as its biological 

characteristics, the effects to tree mortality, history, and its impacts to the 5ŜƘŜǎŀΩǎ agricultural sector.  

(b) Spread mechanisms. The learning output refers to the infestation mechanisms of the pathogen 

including both natural and human-mediated activities. These factors involve animal and human 

movement as vectors, and bioclimatic dimensions like rainfall, drought, surface water flow, and 

topography.  

(c) Management practices. Infestation management practices, on the one hand, involves learning about 

the biological, mechanical, and chemical ways to stop the pathogen dispersal. 

4.7.2 Quantitative Data Analysis Tool 

     The quantitative data collected was analysed using Partial Least Squares Structural Equation Modelling 

(PLS-SEM), a statistical tool often used in business, human resource, marketing, accounting, information 

systems, education and social science studies (Memon et al., 2021). PLS-SEM is a multivariate tool suitable 

for modelling relationships between observed variables by extracting latent structures (Vinzi & Russolillo, 

2013). The statistical tool is well-suited for exploratory research, small population sizes, and models that 

include both formative and reflective constructs (Hair et al., 2021); research dimensions that all align with 

the current study. PLS-{9aΩǎ ǳǎŜǊ-friendly visualisation is often praised by researchers, enabling the 

simultaneous analysis of relationships between observed and latent variables (Memon et al., 2021).  

PLS-SEM merits as the most suitable tool for three reasons. Firstly, the statistical tool is particularly 

useful for exploratory data analysis, prediction, and cases where interpretability and variable reduction 

are vital components in the analysis. Since the specific SG design elements that facilitate KA remain 

heavily understudied, the exploratory power of PLS-SEM suits the overarching goals. Secondly, the path 

modelling integrated in PLS-SEM is particularly useful when complicated models are involved and the 

research attempts to understand how several dimensions are related. Given the objectives to 

operationalise several theories in the study (e.g. BCD), PLS-SEM can create a variable structure that silos 

the specific game elements effective in KA in relation to the pedagogical intent. This means PLS-SEM can 

simplify the complex and underexplored models in game features that are effective for content 
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understanding. Lastly, this research does not aim to confirm any model, making PLS-SEM the robust 

method for the intended analysis. The tool being a variance-based, and not co-variance based make it 

fitting for the small sampling size of the study. 

The researcher used SMARTPLS 4 software (Ringle, et al., 2023). The software provides advanced 

features such as a) bootstrapping procedures to test path coefficients, loadings, and outer weights, b) 

evaluation of model quality which includes composite reliability, average variance extracted, R2 values, 

and effect sizes, and c) assessment of formative constructs through Variance Inflation Factor (VIF) 

diagnostics. Provided the exploratory nature of the study, PLS-SEM can handle the modest sample size 

(n=35) ǘƻ ǘŜǎǘ ǘƘŜ ƘȅǇƻǘƘŜǎƛǎŜŘ ǎǘǊǳŎǘǳǊŀƭ ƳƻŘŜƭΦ ¢ƘŜ ǎƻŦǘǿŀǊŜΩǎ ōƻƻǘǎǘǊŀǇǇƛƴƎ ŦǳƴŎǘƛƻƴ ƻŦ р ллл 

ǊŜǎŀƳǇƭŜǎ ǎŜǊǾŜŘ ŀǎ ǘƘŜ ōŀǎƛǎ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǎǘŀǘƛǎǘƛŎŀƭ ǎƛƎƴƛŦƛŎŀƴŎŜ ƻŦ ǘƘŜ ƳƻŘŜƭΩǎ ǇŀǘƘ ŎƻŜŦŦƛŎƛŜƴǘǎΦ  

The data used in the analysis originated from the structured questionnaire (Annex F) administered 

after gameplay. Participants evaluated their experiential learning where interacting with the game 

elements acts as the main basis and whether key cognitive thinking processes were facilitated during the 

game. PLS-SEM begins by assessing the measurement model (Figure 12). This process entails performing 

single reliability testing using the square of the outer loading (Annex L). The square represents how much 

of the variation in an item is explained by the construct using the communality threshold 50% or higher. 

The process confirms whether each indicator contributes meaningful to its construct. Secondly, using 

bootstrapping method, the moder parameters are assessed through single reliability testing followed by 

ƛƴǘŜǊƴŀƭ ŎƻƴǎƛǎǘŜƴŎȅ ǊŜƭƛŀōƛƭƛǘȅΦ CƻǊ ǘƘŜ ŦƛǊǎǘ ǊŜƭƛŀōƛƭƛǘȅ ǘŜǎǘƛƴƎΣ ǘƘŜ ƻǳǘŜǊ ƭƻŀŘƛƴƎǎΩ Ǉ-value is often 

ŜȄŀƳƛƴŜŘ ǿƘƛƭŜ /ǊƻƴōŀŎƘΩǎ !ƭǇƘŀǎ ƛǎ ǳǎŜŘ ŦƻǊ ǘƘŜ ƭŀǘǘŜǊ (Annex M)Φ /ǊƻƴōŀŎƘΩǎ ŀƭǇƘŀ ŜȄŀƳƛƴŜǎ ǿƘŜǘƘŜǊ 

multiple indicators jointly provide consistent outcomes. Moving forward, the convergent validity of the 

measurement model is performed to explain the variation of the indicators. From here, whether the set 

of indicator represents a strong single underlying construct that can later be assessed using Average 

Variance Extracted (Fornell & Larcker, 1981). Discriminant validity is subsequently examined using cross 

CƛƎǳǊŜ мнΦ ¢ƘŜ ƅƻǿ ƻŦ t[{π{9aΦ {ƻǳǊŎŜΥ !ǳǘƘƻǊϥǎ ƻǿƴ ƎǊŀǇƘƛŎǎ ŦƻƭƭƻǿƛƴƎ aŜƳƻƴ Ŝǘ ŀƭΦΣ нлнмΦ 
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loadings, singling out how each construct is different from each other. The logic of the step was based on 

the idea that a construct may likely share more variance with its associated indicators than with any other 

construct (Annex M). Lastly, the Heterotrait-Monotrait (HTMT) score was examined as part of the 

discriminant validity (Annex N).  

After checking the measurement model, the structural model was assessed. This phase commences 

with collinearity testing, where the variance inflation factor (VIF) is examined further to ensure that 

predictor constructs are not excessively correlated; values of 3 or below are recommended (Hair et al., 

2019). Path coefficients and their boostrapped confidence intervals are then analysed to test the strength 

and relevance of the hypothesised relationship (or pathways). Lastly, the coefficient of determination 

using the R2 value was inspected to explain the explanatory power of the game elements as the 

exogenous constructs. Effect size using f2, on the one hand, assists in understanding through how an 

exogenous driver explains the endogenous constructs. It is also worth-mentioning that the mediation 

effect of the cognitive thinking processes was further analysed to determine how each mediator 

intervenes between the exogenous and endogenous constructs. Moderation effects were not detailed in 

the study due to the fact that there are no observed differences in between the groups despite the rich 

socio-demographic background the sampling unit holds. Majority of the discussion in the study details 

the result of the second phase of PLS-SEM.  

Other structural equation modelling such as Covariance-Based SEM (CB-SEM) is not applicable to this 

research. This is primarily because the nature of the current study is exploratory rather than confirmatory, 

thereby, PLS-SEM fits the intended purpose. Moreover, the conceptual framework contains formative 

constructs (e.g. game elements) which CB-SEM is having difficulty analysing. Additionally, the modest use 

of small sample size (n= 35) is more suited for PLS-SEM as compared to CB-SEM which typically requires 

a larger population size.  

4.7.3 Qualitative Data Analysis Tool 

The qualitative strand of the study follows a content analysis approach. Content analysis is one of the 

two sub-components of systematic analysis (Neuendorf, 2018) alongside thematic approach. The research 

method involves sifting large volumes of data to dƛǎŎƻǾŜǊ ŀƴŘ ŘŜǎŎǊƛōŜ ǘƘŜ ŦƻŎǳǎ ƻŦ ǘƘŜ ǇŀǊǘƛŎƛǇŀƴǘǎΩ 

interpretation (Weber, 1990), enabling the examination of trends and patterns in the qualitative data 

ό{ǘŜƳƭŜǊΣ нллмύΦ 5ŜǎǇƛǘŜ ōŜƛƴƎ ŎǊƛǘƛǉǳŜŘ ŀǎ ƳŜǊŜ άǿƻǊŘ-ŦǊŜǉǳŜƴŎȅ Ŏƻǳƴǘέ ƳŜǘƘƻŘΣ ŎƻƴǘŜƴǘ ŀƴŀƭȅǎƛǎ ǳǎŜǎ 

ǘƘŜ ǿƻǊŘ ŦǊŜǉǳŜƴŎȅ ǘƻ άƛŘŜƴǘƛŦȅ ǿƻǊŘǎ ƻŦ ǇƻǘŜƴǘƛŀƭ ƛƴǘŜǊŜǎǘǎ ǘƘŜǊŜōȅΣ ǎǘǊŜƴƎǘƘŜƴƛƴƎ ǘƘŜ ǾŀƭƛŘƛǘȅ ƻŦ ǘƘŜ 

ƛƴǘŜǊŦŜǊŜƴŎŜǎ ōŜƛƴƎ ǇǳƭƭŜŘ ƻǳǘ ŦǊƻƳ ǘƘŜ Řŀǘŀέ ό{ǘŜƳƭŜǊΣ нллмΣ ǇΦ мύΦ ¢ƘŜ ǉǳŀƭƛǘŀǘƛǾŜ ŦƛƴŘƛƴƎǎ ŀƛƳ ǘƻ 

complement the quantitative data, following a theory-driven approach supported by inductive theme 

generation. Three guiding frameworks were used, namely the Sustainability Compass (Sajeva et al., 2024), 

BCD (Anderson & Krathwohl, 2001; Bloom, 1956), and the literature that support the contribution of the 

four game elements. The coding matrix is composed of all reflections derived from the structured 

questionnaire (Annex F). Data was then organised into four dimensions: sustainability pillar, game element, 

cognitive thinking processes and illustrative quotes. Themes emerged by examining the commonly cited 

sustainability concepts across the three foundational pillars, particularly those that were emphasised by 

the respondents during the reflection session.  

The process commences from reviewing the segmented raw data into analysable units of meaning 

such as the discussions made post-card-sorting activity. Secondly, these segments were neatly organised 
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into deductive categories (i.e. pillar, elements, cognitive processes) as new sub-themes emerge. Third, 

frequency counts of game elements and thinking processes were also performed to support the 

prominence of the endogenous and exogenous constructs, with the intention to succinctly support the 

results from PLS-SEM.  Lastly, chosen quotes during the discussion were selected to ensure grounded 

ŜǾƛŘŜƴŎŜ ŦǊƻƳ ǘƘŜ ǇƭŀȅŜǊǎΩ ƻǿƴ ǿƻǊŘǎ ŀƴŘ ƭƛƴŜ ƻŦ ǘƘƛƴƪƛƴƎΦ  

Other systematic analyses such as thematic analysis, albeit applicable given its meaning-making 

approach, is not suited to bridge the quantitative and qualitative data. Since the study attempts to 

complement the qualitative data with the quantitative results, the strong focus on counting concept 

frequencies through content analysis offers a more logical approach as compared to thematic analysis, 

despite the two approaches capable of performing such task.  

 

4.8 Addressing the Biases of the Study 

 

Given that majority of the sampling unit belong to the academic circle of the researcher as a result of 

convenience sampling, personal biases were addressed in the study through standardised research 

process. The researcher used standardised process to inform the participants with the relevant 

information prior to playing the game. This include sharing the same email content (Annex J) 

accompanied with instructional videos about the game rules prior to game testing, implementing the 

same formal facilitation before, during, and after playing the game, and other standard data-gathering 

procedures such as the duration of gameplay, the list of sustainability cards the players explore for the 

qualitative reflection, and the same version and educational content of Silent Spread. 

4.9 Informed Consent and Ethical Standards  

The research adhered to ethical guidelines, particularly involving human participants. Participants did 

not receive any compensation and game testing was completely voluntary. Prior to playing the game, 

participants were introduced with relevant concepts such as SGs, the purpose of the study, and the 

framework being assessed (See Data-Gathering Presentation). All participants were given the opportunity 

to agree or disagree from recording the in-game performance and the option to withdraw from gameplay 

should inconveniences and discomfort arise. Moreover, the prepared questionnaire details the 

anonymity, purpose of data gathering, future usage of personal data, and encourages players to provide 

honest opinions and feedbacks post-gameplay. In the future, if the data gathered will be used to other 

purposes beyond the scope of the current research, participants will be provided with the pertinent 

details regarding the use of their personal data and their reflections from the game. The final output of 

the study will be shared with all the participants shortly after finishing the entire research. Additionally, 

the study acknowledges the use of artificial intelligence. The visualisation, graphics, and audio-support 

used in the game were assisted by Canva Pro. AI was also heavily used to learn about the accurate process 

in performing and analysing the results from PLS-SEM. 

https://www.canva.com/design/DAGsLprqoNU/sExSd8Uh4EIe4_wYAaszYw/watch?utm_content=DAGsLprqoNU&utm_campaign=designshare&utm_medium=link2&utm_source=uniquelinks&utlId=h5d075ef266
https://drive.google.com/drive/u/0/folders/1NJZvdYJk7sEVz0gW0gAUWMINdhU6bf7Q
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5. Results 
 

The results are organised into three sections. First, the first section discusses the developed game, Silent 

Spread. The section explains the important game elements and features, demonstrating the accomplishment of 

the overarching goal of the study. In-game performances from recorded sessions were also detailed through three 

lenses, namely in-game quiz and management practice performance and thematic vignettes on players 

behaviour. Secondly, the result of cognitive modelling through PLS-SEM shows the empirical evidence, assessing 

game efficacy in facilitating KA. Lastly, the result of Cognitive Sustainability Compass activity supports the 

quantitative evidence provided by PLS-SEM and enumerates dominant linkages among the game elements, 

sustainability pillars, and cognitive knowledge dimensions. 

5.1 Silent Spread as the Developed Serious Game  

5.1.1 Game objectives 

To achieve the overarching goal of the study and to illustrate the efficacy of SG in teaching Pc, Silent Spread 

was developed (Figure 13). Silent Spread is a digital board game designed to teach players the a) general 

information about Pc, b) the biophysical and human- and invertebrate-mediated factors that facilitate the spread 

of the root pathogen, and c) the management practices to stop the infestation to other vegetation. Silent Spread 

integrates three conceptual farms serving as the three levels (Figure 14). The game storyline is straightforward, 

matching the learning material intent. On each level, players have a) to face the root pathogens, activating the 

trivia, quizzes, game events as well as earning of resource items to stop infestation, and b) treat as many infected 

trees as possible. Participants can do these by strategically landing to the tiles where these special items are 

located. Players can advance to the next level after facing all the pathogens, and unlocking the resource items.  

 

CƛƎǳǊŜ моΦ ¢ƘŜ ƭŀƴŘƛƴƎ ǇŀƎŜ ƻŦ {ƛƭŜƴǘ {ǇǊŜŀŘ ōǊƛŜƅȅ ǎƘƻǿƛƴƎ ǘƘŜ ŎǊŜŀǝǾŜ ƴŀǊǊŀǝǾŜ ŀƴŘ ǊƻƭŜπǇƭŀȅ ŜƳōŜŘŘŜŘ ƛƴ ǘƘŜ ƎŀƳŜΦ ¢ƘŜ vw ŎƻŘŜ 
ǿƘƛŎƘ ŘƛǊŜŎǘǎ ǳǎŜǊǎ ǘƻ ǘƘŜ ƎŀƳŜ ƛǎ ŀƭǎƻ ǎƘƻǿƴΦ  

Silent Spread direct link:  

https://view.genially.com/685ab721fbdda673beb0d36d 

 

https://view.genially.com/685ab721fbdda673beb0d36d
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CƛƎǳǊŜ мпΦ ¢ƘŜ ǘƘǊŜŜ ƭŜǾŜƭǎ ƻŦ ǘƘŜ ƎŀƳŜ ŘŜƳƻƴǎǘǊŀǝƴƎ ǎƻƳŜ ƻŦ ǘƘŜ ƳŀƴŀƎŜƳŜƴǘ ǎǘǊŀǘŜƎƛŜǎ ƳŀŘŜ ōȅ ǘƘŜ ǇƭŀȅŜǊǎΦ ό¢ƻǇύ ¢ƘŜ ǇƭŀȅŜǊ ƘŜŀǾƛƭȅ 

ǳǎŜŘ ŎŀƭŎƛǳƳ ŦŜǊǝƭƛǎŜǊ ǘƻ ƳŀƴŀƎŜ ǘƘŜ ƛƴŦŜǎǘŀǝƻƴ ŀƭƻƴƎ ǘƘŜ ŜŘƎŜ ƻŦ ǘƘŜ ŦŀǊƳΦ όaƛŘŘƭŜύ [ŜǾŜƭ н ǿŀǎ ŎƭŜŀǊŜŘ ōȅ ǘƘŜ ǊŜǎǇƻƴŘŜƴǘ ōȅ 

ŎƻƳōƛƴƛƴƎ Ǌƻƻǘ ōŀǊǊƛŜǊǎ ǘƻ ǇǊƻǘŜŎǘ ƘŜŀƭǘƘȅ ǘǊŜŜǎ ŀƴŘ ŎŀƭŎƛǳƳ ŦŜǊǝƭƛǎŜǊ ǘƻ ǎǘƻǇ ǘƘŜ ŦǳǊǘƘŜǊ ǘǊŀƴǎƳƛǎǎƛƻƴ ƻƴ ǘƘŜ ƻǘƘŜǊ ǎƛŘŜ ƻŦ ǘƘŜ ǊƛǾŜǊΦ 

ό.ƻǧƻƳύ ¢ƘŜ ǇƭŀȅŜǊ ƳŀƪŜǎ ǳǎŜ ƻŦ ŀƭƭ ŦƻǳǊ ƳŀƴŀƎŜƳŜƴǘ ǊŜǎƻǳǊŎŜǎ ōƻǘƘ ŀǎ ƛƴŘƛǾƛŘǳŀƭ ŀƴŘ ƛƴǘŜƎǊŀǘŜŘ ǎƻƭǳǝƻƴǎΦ   
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5.1.2 Game levels 

The three levels start from a simple farm typology which evolves into a larger and more complex landscape 

(Figure 16). Levels 1 and 2 have 8x8 tile configuration while Level 3 follows an 11x11 tile arrangement (Table 1). 

Level 1 begins from simple landscape typology with only oak trees and shrubs as vegetation. The second level 

introduces a water system and livestock, increasing the understanding of players about Dehesa ecosystems while 

farm house and warehouse, topography, and increased number of oak trees were added on the last level. Each 

level contains 10 characters players can choose from, potentially increasing their motivation to learn the materials 

(Gee, 2005). Avatar customisation is limited on the software used by the researcher, albeit, an effective game 

interaction to engage players using characters they see themselves in (Gonza´lez Gonza´lez & Blanco-Izquierdo, 

2012; Gee, 2005). Despite the technology and budget constraint, allowing the players to choose from a range of 

diverse prepared avatars was made an option in the game. Once the level has been activated, the time limit also 

begins. Level 1 is set to finish within 10 minutes while Level 2 and 3 can be played for 12 and 15 minutes, 

respectively. The allotment of time limit is arbitrary so players can finish the game testing within 45 minutes 

taking into consideration factors such as game fatigue and overstimulation from information and graphics. Time, 

generally, can be considered as worthy opponent of players to win the game (Schmitz et al. 2015) and activate 

collaboration to clear the game. Moreover, each level contains resource items that game testers can use once 

they correctly answer the quizzes (Figure 16). The number of management resources players earn depend on the 

difficulty of the questions they cleared. 

 A Quest Log serves as marker showing how many more pathogens and resource items players need to unlock 

to advance to the next level (Figure 15). Players can also win different stars which include Gold, Silver, and Bronze 

corresponding to a point system. Gold star holds three points while Silver and Bronze are equivalent to two and 

one point, respectively. Every time participants obtain stars, they need to drag their winning to the Leaderboard. 

Earning these stars depends heavily on several game rules. For instance, using one resource item to stop the 

infestation enables a player to earn bronze and gold if they combine several solutions. Such reward system is tied 

to the learning outcome, particularly the ways how each resource item is used to treat infected trees and stop 

further infestation. Given the complexity of scoring matrix, a Rewards system that can be viewed at any time is 

available in the game, helping players check the correct combination of management solutions. The quest log and 

leaderboards are some examples of reward systems that enhance user engagement and foster behaviour 

(Radziszweski et al. 2021). Through the leaderboard, players can instantly know the competitive standing of their 

opponents while earning the stars acting as quick in-game feedback; two game components that are proven to 

facilitate learning (Cheng et al., 2015). The three levels are arranged in 3D axonometric visual representation and 

supported by audio and text. The graphics and audio were generated using the AI support tool on Canva through 

the AI Magic Media and AI Voice functionalities. The game environment and graphics are designed with 

realistically looking interface as much as possible and complex yet digestible enough even for high school students 

following the recommendations of several studies (i.e. Baranowski et al., 2011; Byun & Loh, 2015). A certain 

degree of in-game abstraction was applied since not all game components can be accurately represented in digital 

SG (Ravyse et al., 2017; Hong et al., 2013). Careful abstraction mainly involves the representation of landscape 

elements (e.g oak trees, topography, water system). Such game conceptualisation facilitates pedagogical delivery 

of topics such as spread mechanisms based on biophysical factors and other human- and invertebrate-mediated 

infestation, and providing context in game events like asking players to develop solution so the pathogen will not 

cross the other side of the water system. Five pedagogical experts in Pc were consulted to verify the in-game 

abstraction implemented in Silent Spread.  
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5.1.3 Scaffolding approach 

The disproportionate distribution of the elements (Table 1) is justified by the scaffolding approach used to 

develop the game. Scaffolding promotes a gradual introduction of levels difficulty and practice levels so players can 

ŀŎŎƭƛƳŀǘƛǎŜ ǘƻ ǘƘŜ ƎŀƳŜΩǎ ƛƴǘŜǊŦŀŎŜǎ όIŀɅƳŀɅƭŀɅƛƴŜƴ нлммύΦ ¢Ƙe scaffolding approach is particularly useful in 

providing gradual instructions on how to use the in-game management resource (e.g. calcium fertiliser, root 

barriers, etc), and win rewards by playing the randomised game events, facing the pathogens, and answering 

CƛƎǳǊŜ мрΦ  DŀƳŜ ŜƭŜƳŜƴǘǎ ŀƴŘ ƻǘƘŜǊ ŦŜŀǘǳǊŜǎ ǘƘŀǘ ŀǎǎƛǎǘ ǇƭŀȅŜǊǎ ƛƴ ƴŀǾƛƎŀǝƴƎ ŜŀŎƘ ƭŜǾŜƭΦ 
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quizzes. Farm typology on each level also evolves, introducing more farm elements (e.g. grazing animals, 

waterways, farm equipment) to the players as the game progresses.  

Table 1. Summary of Game Features on each Level 

Level 
Time 

Limit 
Tile 

Landscape 

Description 

Cognitive 

Process Being 

Developed 

through Quiz; 

Learning 

Content 

Trivia Quiz 
In-Game 

Management 

Resource 
Game 

Event 

1 

 

10 8x8 Primarily 

populated with 

oak trees 

Remembering, 

Understanding;  

 

 

General 

information 

3 5 1 1 

2 

 

12 8x8 Apart from oak 

trees, water 

way system 

and livestock 

such as Iberian 

pigs and cows 

are present 

Applying, 

Analysing;  

 

 

Spread 

mechanisms, 

Management 

practices 

4 6 2 1 

3 

 

15 11x11 Increased 

number of oak 

trees, and a 

farm house and 

warehouse are 

introduced 

Analysing, 

Evaluating;  

 

 

Spread 

mechanisms, 

Management 

practices 

6 11 4 8 
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          CƛƎǳǊŜ мсΦ ¢ƘŜ ǘƘǊŜŜ ƭŜǾŜƭǎ ƻŦ ǘƘŜ ƎŀƳŜ ǿƘƛŎƘ ǎǘŀǊǘǎ ŦǊƻƳ ŀ ǎƛƳǇƭŜ ŦŀǊƳ ǘȅǇƻƭƻƎȅ ŀƴŘ ŜǾƻƭǾŜǎ ƛƴǘƻ ƭŀǊƎŜǊ ŀƴŘ ƳƻǊŜ ŎƻƳǇƭŜȄ ƭŀƴŘǎŎŀǇŜΦ 

Moreover, the pedagogical content of the three levels is divided thematically (Figure 16). Level 1 discusses the 

general information of the pathogen, detailing the history of its infestation in Spain, and basic ecology such as 

tree mortality symptoms. The second level jumps to the economic impacts of pathogen infestation on grazing, 

particularly in Iberian pigs. Economic implications of reduced acorn production due to oak tree mortality rates 

and poor production level were emphasised on the level, gradually moving from basic ecology to economics of 

Pc infestation. The last level teaches the biophysical factors, and human-assisted activities and influence of 

invertebrates in facilitating pathogen transmission. Three infestation mechanisms were introduced that are 

apparent in the Dehesa ecosystem. These include root-to-root transmission, surface and sub-surface water flow, 

and dispersal through human and invertebrate movement. Table 1 details the distinct characteristics of each 

level.  

Additionally, the introduction of four infestation practices was introduced on each level. For instance, calcium 

fertilizers, being the most common and cheapest solution, is showcased on Level 1. Level 2 encourages players to 

use two resource items, namely calcium fertiliser and root barrier. On this level, players begin to strategize 

combination of solutions since the two can be used for infected and healthy trees. Level 3 allows players to use 

all four management solutions guided by a scoring matrix to increase motivation. These resources are earned by 

answering correctly the quizzes or successfully fulfilling the tasks mentioned in game events. Table 4 provides the 

summary of management combinations performed by players.  

5.1.4 Game Elements 

   Table 2 summarises the four game elements, describing the nature and providing examples to better illustrate 

Silent Spread as players navigate the game and acclimatise with the features.  
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Table 2. Summary of Game Elements and Illustrative Examples 

Game Element  Examples 

(a)Trivia. The trivia can be explored once 

players perform two things in the game; facing 

the pathogen and unlocking new resource item 

such as the management practices.  Trivia cards 

are evidence-based and properly cited. Some 

cards would contain supporting images, maps, 

and or game instructions. 

 
bƻǘŜ мΦ 9ȄŀƳǇƭŜ ƻŦ ŀ ƎŀƳŜ ǘǊƛǾƛŀ ǎǳǇǇƻǊǘŜŘ ōȅ ƳŀǇ ŀǎ Ǿƛǎǳŀƭ ŀƛŘΦ 

 

 
Note 2. Example of a trivia about calcium fertiliser, one of the four 

infestation solutions and explaining how to use the item in the game. 

 

(b) Quiz. All quizzes are multiple choice. Once 

players choose their answer, they must hit the Send 

button to check their response. Participants could 

win stars, earn a new turn, steal stars from 

opponents, and win infestation management 

resources if they answer correctly. Punishment for 

wrong answers include losing one to two turns, and 

returning the stars players earned.  

 

Quizzes are also designed in such a way that 

questions sharpen different cognitive process on 

each level. Specifically, questions on Level 1 foster 

remembering and understanding as cognitive 

process while Level 2 captures applying and 

analysing thinking skills. Level 3 embodies questions 

that cover applying, analysing, and evaluating. To 

ǊŜƛǘŜǊŀǘŜΣ ǘƘŜ ƘƛƎƘŜǎǘ ǘƘƛƴƪƛƴƎ ǎƪƛƭƭ άŎǊŜŀǘƛƴƎέ ƛǎ ƴƻǘ 

included in the association because playing for a 

 
bƻǘŜ оΦ 9ȄŀƳǇƭŜ ƻŦ ǉǳŜǎǝƻƴ ǘƘŀǘ ŎŀǇǘǳǊŜǎ ǘƘŜ ŎƻƎƴƛǝǾŜ ǎƪƛƭƭ 

ϥǊŜƳŜƳōŜǊƛƴƎϥΦ IŜǊŜ ƻƴŎŜ ǇƭŀȅŜǊǎ ŎƻǊǊŜŎǘƭȅ ŀƴǎǿŜǊ ǘƘŜ ǉǳƛȊΣ ǘƘŜȅ ŎƻǳƭŘ ǿƛƴ 

ǊŜǎƻǳǊŎŜ ƛǘŜƳǎ ǘƻ ǎǘƻǇ ǘƘŜ ƻƴπƎƻƛƴƎ ŦŀǊƳ ƛƴŦŜǎǘŀǝƻƴΦ  
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short period of time makes capturing this cognitive 

process difficult.  

 

 
bƻǘŜ пΦ 9ȄŀƳǇƭŜ ƻŦ ŀ ǉǳƛȊ ŎŀǇǘǳǊƛƴƎ ǘƘŜ ǇǊƻŎŜǎǎ ϥǳƴŘŜǊǎǘŀƴŘƛƴƎϥΦ 

 
Note 5. Example of a quiz question that covers the process 'applying'. The 

image also shows the player won two resource items, and one silver star. 

(c) In-game management. Each level provides details 

about the management solutions to stop further 

infestation. Level 1 introduces calcium fertiliser 

which can be used for infected trees in the game. The 

solution is the most commonly used management in 

Spain given its low cost (Serrano et al., 2012), hence, 

being introduced on the first level. Level 2 discusses 

root barriers, a management resource effective for 

long-term protection (Dunstan et al., 2010). The last 

level showcases two management practices, namely 

fence and Trichoderma spp as mechanical and 

biological solutions, respectively. Erecting fence 

generally acts as effective obstacles for livestock and 

human movement which are crucial vectors during 

active infestation stage (Cardillo et al., 2012). On 

Levels 2 and 3, players combine solutions, 

implementing integrated strategies to stop the farm 

infestation. For instance, they can combine solutions 

that both  

  

 

 
bƻǘŜ сΦ 9ȄŀƳǇƭŜ ƻŦ ŀ ǘǊƛǾƛŀ ŎŀǊŘ ǿƘƛŎƘ ŘƛǎŎǳǎǎŜǎ ǘƘŜ ǎƻƭǳǝƻƴ ¢ǊƛŎƘƻŘŜǊƳŀ 

ǎǇǇΦ ŀǇǇƭƛŎŀǝƻƴΦ  
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bƻǘŜ тΦ ¢ƘŜ ƛƳŀƎŜ ŘŜƳƻƴǎǘǊŀǘŜǎ ǘƘŜ ǎƻƭǳǝƻƴ ŘƻƴŜ ōȅ tƭŀȅŜǊ нр ǿƘƻ ƛǎ 

ŀũŜŎǘŜŘ ōȅ ŀ ƎŀƳŜ ŜǾŜƴǘΦ ¢ƘŜ ǇƭŀȅŜǊ ǿŀǎ ǘŀǎƪŜŘ ǘƻ ǎǘƻǇ ǘƘŜ ƛƴŦŜǎǘŀǝƻƴ 

ŦǊƻƳ ŎǊƻǎǎƛƴƎ ƻƴ ǘƘŜ ǎƛŘŜ ƻŦ ǘƘŜ ǊƛǾŜǊΦ ¢ƘŜ ƎŀƳŜ ŬǊǎǘ ƛƴǘǊƻŘǳŎŜŘ ǘƘŜ 

ŀŎǝƻƴǎ ŘƻƴŜ ōȅ CƛǘȊƎŜǊŀƭŘ bŀǝƻƴŀƭ tŀǊƪ ǘƻ ǎǘƻǇ ǘƘŜ ǎƛƳƛƭŀǊ ǇǊƻōƭŜƳΣ 

ǎŜǊǾƛƴƎ ŀǎ ǘƘŜ ƛƴǎǇƛǊŀǝƻƴ ōŜŦƻǊŜ ŀŎǝǾŀǝƴƎ ǘƘŜ ƎŀƳŜ ŜǾŜƴǘΦ ¢ƘŜ Ǌƻƻǘ 

ōŀǊǊƛŜǊ ōŜƛƴƎ ƛƴǘŜƴǝƻƴŀƭƭȅ ǳǎŜŘ ŦƻǊ ǳƴƛƴŦŜŎǘŜŘ ǘǊŜŜǎ ǿŀǎ ƘŜŀǾƛƭȅ ǇƭŀŎŜŘ ǘƻ 

ǇǊƻǘŜŎǘ ǘƘŜ ǘǊŜŜǎ ǿƘƛƭŜ ŎŀƭŎƛǳƳ ŦŜǊǝƭƛǎŜǊǎ ǿŜǊŜ ŀǇǇƭƛŜŘ ǘƻ ƛƴŦŜŎǝƻƴ ǎƛǘŜǎΦ  

 
Note 8. Here Player 28 makes use of all four management solutions on 

Level 3, creating several combinations of practices such as the integration 

of fence and root barriers, and fence and calcium fertilisers. 

 

 
bƻǘŜ фΦ tƭŀȅŜǊ нп ǎǳŎŎŜǎǎŦǳƭƭȅ ŎƻƳōƛƴŜŘ ŀƴŘ ǳǎŜŘ ƳŀƴŀƎŜƳŜƴǘ ǎƻƭǳǝƻƴǎ 

ƛƴŘƛǾƛŘǳŀƭƭȅΣ ǎƘƻǿƛƴƎ ŎǊŜŀǝǾŜ ǘƘƛƴƪƛƴƎ ƛƴ ƳŀƴŀƎƛƴƎ ǘƘŜ ŦŀǊƳ ƛƴŦŜǎǘŀǝƻƴ 
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(d) Game events. Game events are 

activated randomly on the game. They can be 

played by individual or groups depending on the 

effects of the event. Some examples of game 

events require players to use unlimited number 

of resources to stop the infestation, for 

instance, avoiding the further spread of 

pathogen on the other side of the river. Another 

game event makes one player to become a 

pathogen vector. Here affected players must 

put a Pc icon on every tile he/she passes by. 
 

bƻǘŜ млΦ ¢Ƙƛǎ ŘŜƳƻƴǎǘǊŀǘŜǎ Ƙƻǿ tƭŀȅŜǊ нм ǿŀǎ ŀũŜŎǘŜŘ ōȅ ƎŀƳŜ ŜǾŜƴǘ 

ǿƘŜǊŜƛƴ ŀƭƭ ǘƘŜ ǇŀǘƘǎ ƘŜκǎƘŜ ǿŀƭƪǎ ōŜŎƻƳŜ ŀƴ ƛƴŦŜǎǘŀǝƻƴ ǎƛǘŜΦ  

 
Note 11. The first game event on Level 1 allowing players to use unlimited 

resources to treat the newly activated infestation site. Here the players are 

just acclimatising from managing the infestation, hence, an unlimited 

resource use is permitted. 

 

Table 3. Summary of Game Element Representation in the Game 

Game Elements Representation  

Trivia 

               

Quiz 

        

In-game management 

         

Game Events  
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5.2.1 Socio-demographic profile 

The game testers were comprised of a relatively diverse group, albeit some categories are prominently 

represented (Figure 17). Out of the 35 respondents, majority fell within the young adult range, particularly in the 

early mid-twenties (25-30 years old) while only a small fraction of players belongs to younger and older group. 

Gender distribution was balanced where men represented nearly equal the female participants. Most players are 

ŎǳǊǊŜƴǘƭȅ ǇǳǊǎǳƛƴƎ aŀǎǘŜǊΩǎ ŘŜƎǊŜŜ ŀƴŘ ƻƴƭȅ ŀ ǎƳŀƭƭ ǎǳōǎŜǘ ǿŜǊŜ ǳƴŘŜǊǘŀƪƛƴƎ ŘƻŎǘƻǊŀƭ ǎǘǳŘƛŜǎΦ aŜŀƴǿƘƛƭŜΣ 

majority were originally from the Philippines (n=11), followed by USA and Spain (n=4). The rest of the countries 

have at least one representative (Figure 18). 

 

 

In terms of prior formal courses taken, and work and internship experiences, the distribution among the 

participants vary (Figure 19). A large proportion of players has attended courses related to Sustainable 

Development, Environmental Science, and Ecology. Sustainable Development emerged as the most common 

classes attended by the group while Invasion biology had the fewest exposure to the subject matter. Notably, 

Forestry and IPM also fall on the lower course exposure, a critical observation since many of the participants 

CƛƎǳǊŜ мт ǎƘƻǿǎ ǘƘŜ ǎǳƳƳŀǊȅ ƻŦ ǎƻŎƛƻπŘŜƳƻƎǊŀǇƘƛŎ ǇǊƻŬƭŜ ƻŦ ǘƘŜ ǊŜǎǇƻƴŘŜƴǘǎΣ ǎƘƻǿƛƴƎ ǘƘŜ ŀƎŜ ŘƛǎǘǊƛōǳǝƻƴΣ ƎŜƴŘŜǊΣ ŀƴŘ ŎǳǊǊŜƴǘ 
ŜŘǳŎŀǝƻƴŀƭ ƭŜǾŜƭ ǇŀǊǝŎƛǇŀƴǘǎ ŀǊŜ ǇǳǊǎǳƛƴƎΦ  

CƛƎǳǊŜ муΦ Dƭƻōŀƭ ŘƛǎǘǊƛōǳǝƻƴ ƳŀǇ ǎƘƻǿƛƴƎ ǘƘŜ ǊŜǇǊŜǎŜƴǘŀǝƻƴ ƻŦ ǇƭŀȅŜǊǎ όƴҐорύ ŀŎǊƻǎǎ ǘƘŜ ƎƭƻōŜΦ ¢ƘŜ ŎƻƭƻǳǊ ǊŜǇǊŜǎŜƴǘǎ 
ǘƘŜ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ ǇƭŀȅŜǊǎ ŦǊƻƳ ǘƘŜ ŎƻǳƴǘǊȅΦ  
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have only encountered topics such as tree mortality and Pc through the game rather than prior formal education 

and training.  

Majority of the participants have previously attended public seminars or public discussions on invasive 

species and climate-related topics (Figure 19). Players also have prior experience in performing agricultural 

extension services such as farm advisory, and had experience in developing educational materials. In contrast, 

fewer participants reported direct involvement in forestry operations and performing academic research on 

invasive species. Such limited exposure to these topics is of particular relevance because the distribution results 

signify the game as the first opportunities for players to learn about pathogen infestation and its connection to 

forestry-related production. 

The knowledge of the players about Pc prior to playing the game falls in universally low category with 66% 

ƻŦ ǇƭŀȅŜǊǎ ƛƴŘƛŎŀǘŜŘ άƴƻƴŜ ŀǘ ŀƭƭέ (Figure 20). Results demonstrate that familiarity with IPM and sustainability 

pillars was more widespread. Less than half of the participants mentioned they have little to no prior exposure 

while 25-30% rated themselves as somewhat acquainted. The remaining third remarked they are fairly 

knowledgeable about the two topics. Moreover, participants showed fairly strong literacy in digital or analogue 

board games. Participation in engaging with educational games prior to playing Silent Spread was low, with 72% 

reporting they have no exposure to fairly little experience. 

 It is worth-mentioning that cross tabulation was performed across groups. However, data reveals that 

despite the rich socio-demographic profile, there is no statistically significant association within the groups. The 

CƛƎǳǊŜ мф ǎǳƳƳŀǊƛǎŜǎ ǘƘŜ ŦƻǊƳŀƭ ŎƻǳǊǎŜǎ ǘŀƪŜƴ ōȅ ǇŀǊǝŎƛǇŀƴǘǎ ŀƴŘ ǘƘŜƛǊ ǊŜƭŜǾŀƴǘ ǇǊƛƻǊ ǿƻǊƪ ƻǊ ƛƴǘŜǊƴǎƘƛǇ ŜȄǇŜǊƛŜƴŎŜǎ ŀŎǊƻǎǎ 
ŜƴǾƛǊƻƴƳŜƴǘπǊŜƭŀǘŜŘ ŘƛǎŎƛǇƭƛƴŜǎΦ 
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statistical analyses involved groups based on gender, age groups, current educational level, as well as history of 

courses taken at a formal institution and work experience, and their prior knowledge and experience. The 

absence of significant group differences suggest that socio-demographic profiles will unlikely act as confounding 

factors in the PLS-SEM, concretising the need to laser focus the relationship modelling among game elements, 

and cognitive thinking processes.  

 

5.2.2 Player Experience  

 Overall, players responded positively to Silent Spread (Figure 21). Roughly two-thirds of the participants 

agreed or strongly agreed they were satisfied with the overall experience. A similar proportion indicated Silent 

spread met their learning needs while nearly two-thirds mentioned they will recommend the game to others to 

learn more about Pc. In terms of engagement, more than half of the game testers felt encouraged to learn more 

about pathogens, highly associating their complete engagement while playing. Nearly three-quarters noted that 

they are agreeing or strongly agreeing to such. In addition, over half of the participants described Silent Spread 

was visually stimulating. 

 

CƛƎǳǊŜ нл ƛƭƭǳǎǘǊŀǘŜǎ ǘƘŜ ǇǊƛƻǊ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ŜȄǇŜǊƛŜƴŎŜ ƻŦ ǘƘŜ ǇƭŀȅŜǊǎ ōŜŦƻǊŜ ŜƴƎŀƎƛƴƎ ǿƛǘƘ {ƛƭŜƴǘ {ǇǊŜŀŘΦ 
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            5.2.3 In-Game Performance in terms of Infestation Management Implementation 

In-game analytics record the performance of players and to some extent the level of commitment in fulfilling 

game objectives, particularly in correctly answering the quizzes and creatively using the management practices. 

A total of 12 in-game performances were recorded and analysed. Both single and multiple player game sessions 

have 6 recordings on each.  

Results reveal that calcium fertiliser was used 56 times on Level 1 which increased slightly on Level 2 with 59 

implementation occurrences (Table 4). Root barriers (n = 49) were also widely explored by players on Level 2 

and a handful attempted to combine calcium fertilisers and root barriers (n = 10). By Level 3, calcium fertiliser 

still remained the most prominent solution (n = 34), despite the decline from previous level. This decreasing 

observation was also exemplified by root barrier implementation. Meanwhile, fence (n= 10) was favoured twice 

as much as the Trichoderma spp. application (n = 10). The third level also offers more integrated solution to 

treat infected trees. The most frequent combinations were fence and Trichoderma application (n=7). The 

integration of calcium fertiliser and fence was done four times. Calcium fertiliser and root barrier, and calcium 

fertiliser combined with Trichoderma spp were used twice while combining root barrier and Trichoderma was 

only implemented once. Notably, combining root barrier and fence was entirely unused in the game. Table 4 

visually summarises the usage of each management solution on each level.  
 

 

 

 

 

 

 

 

 

 

CƛƎǳǊŜ нм ƻǳǘƭƛƴŜǎ ǘƘŜ ŘƛǎǘǊƛōǳǝƻƴ ƻŦ ƻǾŜǊŀƭƭ ŜȄǇŜǊƛŜƴŎŜ ƻŦ ǘƘŜ ǇŀǊǝŎƛǇŀƴǘǎΣ ŎŀǇǘǳǊƛƴƎ ƛƴŘƛŎŀǘƻǊǎ ǎǳŎƘ ŀǎ Ǿƛǎǳŀƭ ǎǝƳǳƭŀǝƻƴΣ ƳŜŜǝƴƎ 
ƭŜŀǊƴƛƴƎ ƴŜŜŘǎΣ ŀƴŘ ǘƘŜ ƛƴǘŜƴǘ ǘƻ ǊŜŎƻƳƳŜƴŘ ǘƻ ƻǘƘŜǊǎΦ  

https://drive.google.com/file/d/1yv8zepcaoJT3G8exeUOdIDvlz6-7g51A/view?usp=drive_link
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Table 4. Summary of Management Solution Usage Frequency   

Level 1 Level 2 Level 3 

Representation Solution 
Usage 

Freq. 
Representation Solution Usage Freq. Representation Solution 

Usage 

Freq. 

 

Calcium 

fertiliser 

 

 

56  

 

 

Calcium 

fertiliser 

 

59  

 

Calcium 

fertiliser 

 

34 

   

 

Root barrier 

 
49 

 

Root barrier 

 
13 

   

 

Calcium 

fertiliser + 

Root Barrier 

10 

 

Fence 

 
10 

      

 

Trichoderma 

application 

 

5 

      

 

Calcium 

fertiliser + 

Root Barrier 

 

2 

      

 

Calcium 

fertiliser + 

Fence 

 

4 

      

 

Calcium 

fertiliser + 

Trichoderma 

application 

2 

      

 

Root barrier 

+ fence 

 

0 

      

 

Root barrier 

+ 

Trichoderma 

 

1 

      

 

Fence + 

Trichoderma 

 

7 

 
















































































































































