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Abstract



Game-based learning and serious games have been identified as potentially valuable tools for use within educational fields. One area that has been identified that could potentially benefit from a game-based learning approach is farming and agriculture. However, many lack gameplay analysis to measure their effectiveness. Many games lack an incorporation of environmental or weather factors with regards to game mechanics. To that end, a farming game prototype was developed in Unreal Engine 5.3 with real-world data integration, via use of external APIs. The real-world data was incorporated into the growth mechanics of the game to assess the effects such a system may have on gameplay as well as educational outcomes. The game was sent to n = 9 participants to playtest and collect analytics, as well as used within an educational session with n = 5 participants. The analytical results found that certain environmental factors had an effect on the growth process, strategies involving crop selection, and overall success rate. The case study found that a majority of participants noticed the effect that real-world data integration had on gameplay and saw the game as a more realistic depiction of farming. Limitations included a lack of scope with regards to data integration, certain variables showing little effect in the growth process, as well as educational clarity being partially lacking in areas. Further recommendations include expanding the overall scope of the game to include other environmental variables, an improvement of overall educational clarity and deploying the game within an educational environment related to agriculture.
























1

[bookmark: 4]
Table of Contents
Chapter 1: Introduction ............................................................................................5
Chapter 2: Literature Review .....................................................................................7
2.1: Game-Based Learning and Serious Games ......................................................7
2.2: Research of Farming Games .........................................................................11
Chapter 3: Research and Development Methodology ............................................... 15
3.1: Research Methodology .................................................................................15
3.2: Development Methodology ...........................................................................16
Chapter 4: Design and Implementation Requirements..............................................19
4.1: Design.........................................................................................................19
4.2: Implementation ...........................................................................................26
4.3: Testing.........................................................................................................35
Chapter 5: Evaluation .............................................................................................38
5.1: Investigative Results.....................................................................................38
5.2: Case Study Results ......................................................................................47
5.3: Final Evaluation ...........................................................................................54
Chapter 6: Conclusions and Recommendations ...................................................... 57
Chapter 7: Reflection .............................................................................................58
Bibliography............................................................................................................61
Appendix 1–Acknowledgements ...............................................................................63
Appendix 2: Investigative and Case Study Datasets ....................................................... 65
Appendix 3: Game Development Document and Development Diary ............................... 66
References ............................................................................................................67
Glossary................................................................................................................70















2

[bookmark: 5]
Table of Figures
Figure1……………………………………………………………………………………………………………8
Figure2……………………………………………………………………………………………………………8
Figure3………………………………………………………………………………………………………….10
Figure4………………………………………………………………………………………………………….11
Figure5………………………………………………………………………………………………………….12
Figure6………………………………………………………………………………………………………….13
Figure7………………………………………………………………………………………………………….17
Figure8………………………………………………………………………………………………………….18
Figure9………………………………………………………………………………………………………….20
Figure10………………………………………………………………………………………………………..21
Figure11………………………………………………………………………………………………………..21
Figure12………………………………………………………………………………………………………..22
Figure13………………………………………………………………………………………………………..23
Figure14………………………………………………………………………………………………………..24
Figure15………………………………………………………………………………………………………..25
Figure16………………………………………………………………………………………………………..25
Figure17………………………………………………………………………………………………………..26
Figure18………………………………………………………………………………………………………..27
Figure19………………………………………………………………………………………………………..27
Figure20………………………………………………………………………………………………………..28
Figure21………………………………………………………………………………………………………..29
Figure22………………………………………………………………………………………………………..30
Figure23………………………………………………………………………………………………………..30
Figure24………………………………………………………………………………………………………..31
Figure25………………………………………………………………………………………………………..31
Figure26………………………………………………………………………………………………………..32
Figure27………………………………………………………………………………………………………..33
3

[bookmark: 6]

Figure28………………………………………………………………………………………………………..34
Figure29………………………………………………………………………………………………………..35
Figure30………………………………………………………………………………………………………..36
Figure31………………………………………………………………………………………………………..37
Figure32………………………………………………………………………………………………………..38
Figure33………………………………………………………………………………………………………..39
Figure34………………………………………………………………………………………………………..40
Figure35………………………………………………………………………………………………………..40
Figure36………………………………………………………………………………………………………..41
Figure37………………………………………………………………………………………………………..42
Figure38………………………………………………………………………………………………………..43
Figure39………………………………………………………………………………………………………..44
Figure40………………………………………………………………………………………………………..45
Figure41………………………………………………………………………………………………………..46
Figure42………………………………………………………………………………………………………..47
Figure43………………………………………………………………………………………………………..48
Figure44………………………………………………………………………………………………………..49
Figure45………………………………………………………………………………………………………..50
Figure46………………………………………………………………………………………………………..51
Figure47………………………………………………………………………………………………………..52
Figure48………………………………………………………………………………………………………..53
Figure49………………………………………………………………………………………………………..54














4

[bookmark: 7]
Chapter 1: Introduction


The idea of the serious game, a video game being used for purposes other than just entertainment, is one that has emerged in recent years as a potentially valuable tool for use within educational environments. One area that serious games has shown great promise in is agricultural education. Research into the use of farming video games in educational contexts suggests that games like these can help users understand the challenges and complexities of agriculture. However, many farming video games lack a connection with the real-world systems and data, limiting their realism and educational value. This gap is what this project aims to address.


The aim of this project is to develop a farming video game with real-world data integration to evaluate the effectiveness and impact such data can have on the mechanics and game experience.


The objectives of this project are as follows:

• To develop a basic farming video game implementation using Unreal Engine 5 which incorporates mechanics such as planting seeds, watering plants and harvesting to create a core gameplay loop within the first 2 months of development.
• To implement REST API communication within the farming video game to capture real-world data such as temperature and shortwave radiation in a 24H format
relative to specific coordinates for integration within the game.
• To integrate the data collected from the REST APIs into the core mechanics of the farming video game to influence gameplay factors such as growth speed and total yield.
• To collect gameplay metrics and data through playtesting sessions with approximately n = 5 participants over 2-3 weeks.
• To evaluate whether real-world data integration has a significant impact on gameplay outcomes and player actions by analysing recorded metrics, such as crop yield and growth time.
• To deploy the game within an educational environment with approximately n = 5 participants to evaluate its effectiveness as an educational tool through participant feedback.
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The following chapters delve into the core aspects that make up the project, which are as follows:


• Chapter 2 reviews literature concerning the realms of serious games and games in education, as well as research into farming games and challenges associated with farming and agriculture.
• Chapter 3 outlines the research and development methodologies chosen and justified for the project.
• Chapter 4 discusses the design, implementation and testing stages of the farming game deliverable.
• Chapter 5 evaluates the farming game deliverable and the results obtained against the stated objectives and literature review findings.
• Chapter 6 summaries the project, stating how the project met its aim as well as the benefits of the project. Recommendations for future work are also stated.
• Chapter 7 provides a personal reflection on the project outcomes, including personal learning, technical and soft skills gained, as well as areas for future improvement.
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Chapter 2: Literature Review


This literature review covers the use of game-based learning and serious games, using learning theory and frameworks to show how video games can be used to support the
education and development of people. The review looks at the use of serious games in research, showing the progress made in the field as well as potential areas for improvement. Finally, the review looks at the use of farming games in research, showing the potential benefits games could have in relation to agriculture.

2.1: Game-Based Learning and Serious Games

Lev Vygotsky, in his work “Play and Its Role in the Mental Development of the Child”, states that “play is not the predominant form of activity, but is, in a certain sense, the leading line of development in the preschool years.” [1]. He suggests that play is a vital pillar of human development, which paves the way for alternative teaching methods. However, whilst Vygotsky’s philosophy is the foundation and inspiration for many learning methodologies today, his idea of play more focused on observations in the real world. In the current digital age, there are now more mediums to consider that can be used as an educational and learning tool, one of these being electronic video games.


Whilst video games are forms of interactive entertainment first and foremost, it has frequently been seen as a way to educate and to promote new ideas. This is known as the serious game, a game created with a purpose other than to entertain. A famous example of this is MECC’s The Oregon Trail [2], a text-based video game made to educate school children about the trek pioneers took to Oregon. Whilst not the first example of a serious game, it was historically one of the most popular at a point in time and was seen as an effective way to promote history to children [3].
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Fig.1: A screenshot of the video game The Oregon Trail [2]. Taken from [4].



A modern example of a serious game made for educational purposes is one created in 2020 to simulate disaster training. The study found that the cost of the video game was cheaper than using a live simulation and feedback training programme, costing only $67,822 compared to $81,313.50 for the live model [5]. This shows that video games could potentially offer benefits in an educational environment that other mediums cannot provide.



















Fig.2: A screenshot of a disaster simulation video game. Taken from [5].
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Marc Prensky argues that many contemporary learners can benefit from digital game- based learning due to the added engagement and experience that games provide, stating that the learners of today, which he calls “digital natives”, are much different than ones in the past, and due to the prevalence of games, it is hard to motivate them to learn. Prensky suggests that game-based learning is a solution to this idea [6]. However, whilst Prensky makes a case for more interactive approaches to learning due to the current digital age, most of his arguments of why digital games are merely anecdotal. Prensky does provide examples of educational games such as Where in the World is Carmen Sandiego? [7] and argues that games like these have shaped children’s education, however he does not rely on any empirical statistics to show how or why games like these are effective within an educational environment.



In addition, certain studies have proposed that games do not need to be made in a strictly educational format for them to have a positive impact within a learning or training environment. One such example is a study which looked at the performance of surgeons in laparoscopic surgery training. Specifically, they looked at surgeons and their past gaming experiences and measured their performance in over-the-counter games not related to surgery, such as Super Monkey Ball 2. This was then used as a comparison to measure their performance in the Top Gun program [8]. The study found that surgeons who played video games for 3 hours per week made 37% less errors and were 27% more faster. This could further suggest that players learn and develop new skills from playing and engaging with games without knowing it and promote the ideas
of Prensky. However, the study does not look at games being a causation for an improvement in performance, rather only a predictor for performance at best. In
addition, the study does not use any games related to surgery or games taking place in a hospital environment as a point of comparison for effectiveness. Additionally, due to the age of the study, it doesn’t factor in the current game market, specifically mobile
gaming being popular with much of the general public.


Another potential issue with Prensky’s approach to learning is that it characterises a group of learners based on generational terms, presenting all learners within a certain era as being “digital natives” due to being exposed to technology. This perspective potentially overlooks the individual experiences of learners. An alternative approach to the idea of games being beneficial to learning and development is Self-Determination Theory. Edward Deci and Richard Ryan, rather than generalising a group of learners based on digital usage and tailoring educational methods towards this, suggest that
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learning and development is most effective when an environment supports certain core psychological needs: autonomy, competence and relatedness [9].



An example of this in play is a study conducted in 2009, which assessed how certain video games, such as Super Mario Sunshine [10] had an impact on pro-social behaviours within both children and adolescents. The study found that people playing games with pro-social elements lead to further development of pro-social behaviours later on. This can potentially be interpreted through Self-Determination Theory, as such games may provide a level of autonomy through player choices and relatedness through digital interaction. However, whilst the study finds that sex or age had little difference with the effects of the games, it doesn’t look at the backgrounds of the people within
the study, e.g. people with past experiences with anti-social behaviours.


In recent years, there has been an influx of the use of serious games in research. A study by Mohib et al. explores the advancements in research with regards to serious games in science education [11].



























Fig.3: A histogram chart showing publications related to serious games from 2009 to 2018. Taken from [11].
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An interesting observation made by this study is that certain negative traits, such as games being too difficult, can reduce the overall effectiveness of the serious game. This may potentially suggest that game balance is an important aspect of creating an educational game. This study was conducted from 2011 to 2021, with many of these coming from 2016. Since this study, many more articles and research papers have been done on serious games which may mean many of these studies are out of date, and the field could be studied much further. A more recent study in 2024 by Sylvian et al. explores 237 studies regarding serious games being used for sustainable agricultural research [12]. Out of all studies looked at, only 29 of them were strictly serious video games. Many looked at also leaned towards management solutions, with areas such as social and environmental challenges being neglected. This study also shows that many case studies are skewed towards the European continent, with other areas of the world such as South America and Australasia being neglected.























Fig.4: A map showing the distribution of recorded case studies from Sylvian et al., with many case studies being from Europe. Taken from [12].

2.2: Research of Farming Games

There have been many studies into the use of serious games in relation to farming. Research done by Takeshi et al. used the game Sakuna: Of Rice and Ruin [13] to investigate how such a game can influence interest in real world agriculture, specifically
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interests in rice farming [13]. Studies conducted on 428 participants found that 18.5% showed a heightened interest in agriculture. Another study used the same game to evaluate the effects and benefits the game provides with regards to psychological well- being [15].



Despite these studies finding valuable use cases for the game, both of them do not investigate how gameplay-related factors are influential in promoting well-being or
agricultural interest. The study conducted by Lee et al. acknowledges this limitation directly, stating that “Further research is needed to determine which elements of the game are the most influential in producing significant effects.”. This suggests that an approach could be taken which focuses on metrics captured within the games themselves in order to find out which factors have the most effect on players.


A study by Urbano et al. [16] suggests that serious video games potentially can be used alongside other methods to support agricultural learning and education . This study uses a serious video game alongside a simulation model to help improve the appropriation and adoption of a Decision Support System for bovine producers. The results showed that 34% of farmers used the system on their farms after 22 months. Whilst this can potentially suggest that serious games can help farmers adopt agricultural practices, the adoption rate for this system is still quite low, with the study finding that many farmers found it difficult to use or did not find it necessary. This suggests that further work needs to be done with regards to presenting concepts like this in serious games.


















Fig.5: A screenshot of a game used to educate farmers about the adoption of a Decision Support System. Taken from [16].
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Other games have been studied for their effectiveness as a tool, one of them being Farming Simulator 2022 [17]. A study conducted by Tetiana et al. [18] looks specifically at the Precision Farming DLCs released for the game, and their potential use case for educating people about precision farming techniques. However, despite defining gameplay metrics which contribute to an environmental score, the study does not evaluate the effectiveness of the DLC by using or measuring any in-game metrics. There is no analysis of their game’s mechanics or gameplay loop influencing the learning
outcomes from the participants. Despite this, the study found that, out of 113 participants, 54.0% said that the game had helped improve their learning. This, along with studies conducted using Sakuna, could demonstrate how games which currently exist on the market can be retooled for socially beneficial purposes.



However, a study by Simon et al. provides a counterpoint to this approach. They demonstrate the potential ways that Farming Simulator 2022 promotes the idea of
“good farming”, which defines agricultural values focused more on productivity, whilst ignoring potential environmental factors [19]. Specifically, it states that certain elements of the game do not influence or acknowledge the challenges farmers face, such as the region selection of the game being purely cosmetic. It goes on to state that“Byignoring the natural world, Farming Simulator promotes an industrial model of agriculture, where farming is more about domination and control than working in harmony with natural processes.”.





















Fig.6: A screenshot of the game Farming Simulator 2022 [17], showing 3 locations that the player can pick. Simon et al. uses this to state that, whilst the locations provide
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cosmetic variety, they do not influence the rules in the game or the challenges farmers face. Taken from [19].



Whilst it can be argued that the inherent design of Farming Simulator as a video game first and foremost is a detriment to its effectiveness as a serious game, the study does talk about mods which enforce environmental feedback loops and states that games like these could become powerful tools to challenge such narratives. This is backed up by studies from Ismael et al., which looks at serious games related to farming. It states that that many have limitations “relate to a lack of components such as pests, crop diseases, and soil nutrition; limited coverage of farming activities like cultivating, feeding, weather simulation, and insect simulation; and the absence of hydroponics simulation” [20]. There is an element which needs to be researched further with regards to serious farming games.


The findings of the literature review have shown that game-based learning approaches and serious video games have been found to have beneficial effects and demonstrate the potential to be a useful tool in areas such as education. Games have also found success in agricultural research and learning; however, many studies do not look at the mechanics of the game or the gameplay loop to assess their effectiveness. In addition, many games have potential issues with how educational content and difficulty are balanced, potentially hindering their effectiveness. Many serious farming games lack elements such as soil nutrition and weather simulation or ignore environmental factors in relation to farming. These are gaps which the project aims to solve.
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Chapter 3: Research and Development Methodology


3.1: Research Methodology

This project is a technical feasibility study which employs a mixed-methods approach, combining investigative and case study methodologies. Each stage of the study will cover one of the two mixed methods: the investigative stage will analyse collected metrics from participant testers to examine the effects on gameplay, whilst the case study stage will explore deploying the game within an educational environment.


The evaluation criteria for this study will focus on the extent to which real-world data integration influences game mechanics, player interaction and decision-making, and the overall learning experience. The results from both research stages will determine whether this integration has a significant enough impact.


The justification for this approach is that this allows for an evaluation of the impact real- world data integration has on the game experience, as well as its effectiveness as an educational tool within a serious farming game. Studies such as Tetiana et al. [18] also employed a similar mixed-methods approach when looking at the effectiveness of Farming Simulator as an educational tool, using both workshops and social media reach data for evaluation.


The main benefit of taking this approach is that it will allow for a balanced investigation
of both perspectives to evaluate its effectiveness: both the qualitative side regarding user experience and learning outcomes, as well as the quantitative side, focusing more
on player trends and patterns. This directly addresses one of the key gaps found in the literature review, with many studies neglecting the analysis of in-game metrics.


One of the main limitations for this study is the small sample sizes for both stages, with around n = 9 participants for the investigative stage and around n = 5 for the case study. In contrast, similar studies of serious farming games have typically employed larger sample sizes. For example, Takeshi et al. [14] surveyed approximately n = 428 participants.
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Another issue is that, for the investigative stage, the skill range of the participants will widely vary, from experienced gamers to more casual players. These limitations mean that any findings cannot be used to draw reliable conclusions about the wider population of gamers as well as any subgroups of gamers. However, a smaller scale study such as this still allows for an in-depth analysis of player behavioural patterns, trends and user experiences, which can build the foundation for future research.


3.2: Development Methodology

The development methodology chosen for the creation of the farming game deliverable is an Agile-style approach. The justification for this choice of approach is due to Agile’s iterative nature, allowing for incremental development and testing of the game across multiple iteration cycles.


The main benefit of using Agile is the flexibility that it provides with regards to the development of the game. Specifically, the structure of Agile can allow for features of the game to be easily refined, fixed or modified throughout development. For example, farm tile growth mechanics can be easily refined or fixed due to testing and feedback
outcomes. Unlike the waterfall method, with its more rigid and linear approach to development, Agile incorporates continuous improvement into each iteration of development with a greater level of freedom, which benefits a more experimental game such as this.


The main disadvantage with using an approach like this is that many of the core practices and benefits of Agile rely on team collaboration and input. Elements such as positive reinforcement, peer reviews and feedback, are not able to be utilised to their best potential due to the solo nature of the project. However, this limitation was mitigated by incorporating self-reflection and feedback during each iteration, giving areas for improvement which can be applied to future iteration cycles.


For this project, the game engine chosen to develop the game in was Unreal Engine 5.3, due to its ease of use, feature set and the Blueprint visual programming language, allowing for easy development and deployment. In addition, the Fab store allows for easy integration of third-party plugins and assets which will prove vital to the creation of this game. A high-performance computer with a dedicated graphics card will be required to optimally develop the game with UE5. The main tools and libraries used for
16
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the project are VaRest from the fab store, a plugin which will allow for the collection of real-world data from a REST API [21], in addition to Read & write text file for saving metrics to a .csv [22], both of which are vital elements of the deliverable.



For the integration of real-world weather data, the OpenMeteo API [23] will be used. This service was chosen due to having reliable, up-to-date weather data from different locations around the world. The service offers many presets and variables such as precipitation and shortwave radiation data. The service is also free and open source, and allows for 10,000 calls per day for free, which was the main reason for choosing this service.










Fig.7: A graph created by OpenMeteo, showing certain hourly weather parameters for Swansea, using the coordinates (51.6330, -3.9298). Taken from [23].


Soil data was obtained from SoilGrids [24], an ISRIC repository for soil information. However, due to their REST API service being paused, the data had to be retrieved manually and inserted directly into variables.






















17

[bookmark: 20]














Fig.8: A screenshot of the SoilGrids map, showing soil data for Djibouti City. Taken from [24].
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Chapter 4: Design and Implementation Requirements


4.1: Design

Before the game was developed, a number of requirements were set out as a baseline for what the final deliverable should be able to do. These requirements are as follows:

•	Create a base core gameplay loop of being able to plant, water and harvest crops
•	Create a variety of plants for the player to use
•	Collect metrics from OpenMeteo reliably for use within the game
• Create a dynamic time system which allows the conditions to change each hour based on data collected
•	Integrate collected metrics from OpenMeteo and SoilGrids
• Implement a random choice of seven random and diverse locations from around the world when the game starts up
•	Implement a way to collect and save player metrics after each session

Many of these requirements were outlined in a Game Development Document (GDD). This outlined what was wanted from the final deliverable. In addition, it outlined variables for the game as well as mock-up designs for aspects of the game such as how the farm tile or UI would look. This proved important to implementation, as having a baseline for how the game should function and look made development more streamlined. A full GDD document can be found within the appendix.
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Fig.9: A wireframe design of the game’s user interface, showing all required information to the player.



The elicitation for these requirements came from studying games within the farming genre, such as Harvest Moon [25] or Stardew Valley [26], by looking at how their farming systems worked to implement a similar system as a core for the game. Many of the requirements were also influenced by the findings in the literature review. The location requirement for example was influenced by the findings of Sylvian et al. [12], as many serious game locations were skewed towards certain continents. Collecting metric data was an important requirement for the deliverable as it was the main gap identified in certain studies such as Lee et al. [15] and Tetiana et al. [18].


In addition to the GDD, UML diagrams were created to show both how classes in the game were structured and connect with each other, as well as how they would interact
and communicate data. Having a base idea of how these systems worked made the game’s mechanics easier to implement.
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Fig.10: A UML class diagram showing how classes in the game would be structured and communicate with each other.


























Fig.11: A UML communication diagram showing the relationship between classes as well as the messages sent to each class.
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One of the main challenges when designing the game was deciding the systems in which the conditions affect the growth mechanics of the game. This was important as it would be the main aspect of the game. Eventually, it was decided that each plant type would have a base growth time and yield. The environmental conditions would be a factor in how effectively each plant would grow. Water would be a separate variable from the plants but still be affected by certain environmental conditions.






















Fig.12: A screenshot of the final game deliverable, showing the requirements for wheat in a box as well as the current environmental conditions. Since the current conditions are not the optimal values, the plant takes longer to grow.


The initial idea for calculating the total yield was by using the soil’s pH level and the shortwave radiation of the current hour. For both of these variables, their current value would have an optimal value, which is the perfect conditions for the plant, subtracted from it to find its distance. This value is then divided by the tolerance variable of the plant, which dictates whether the value is in range. The original intension was that this percentile would be multiplied by the base yield to return the final output yield. If the percentile was 1.0, the output would be the full base yield. Anything less would be a percentage of it. If it was less than or equal to zero, or higher than one, the plant would die as it was outside of the tolerance range.
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Fig.13: The equation used within the game to calculate the overall yield effectiveness for each plant.



However, this system had one major flaw: if the yield percentile was too low (for example, 0.01%), the plant could still grow but it would produce a yield of zero. The
main issue is that the base and output yield values are stored as integers. So, by multiplying an integer by a float then converting it back to an integer, the value could be truncated to zero. Even if the base yield values were double or even triple digits, low percentiles could still result in an output yield of zero. An outcome like this is undesirable, as the game would become far too punishing for players if the conditions were too bad. Referring back to Mohib et al. [11], excessive difficulty could potentially reduce the effectiveness of this game as an educational tool. In addition, killing the plant would be far too punishing in certain areas and could mean the player wouldn’t be able to plant anything, making the game impossible to play in certain situations.


The solution for this involved rethinking how the percentile affected the final output. Instead of multiplying the base value by a percentile, a series of conditional statements were used to determine the final output based on the effectiveness value. This was the more desirable outcome, as it would still allow for plants to still struggle in suboptimal conditions, but still ensuring that the system was fair enough to provide the player with some kind of yield, even if it was a low output that wasn’t profitable.
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Fig.14: A flow chart showing the logic for calculating the final output yield.



For calculating growth time, the system used a similar method, using the same calculations but with pH level being replaced with the current temperature. However, unlike the ieldEffectiveness variable, the final output was inverted. The reason this was done is because growth speed is affected in a different way: with the base time value being multiplied by the time extension percentile, which is then added on to the base time. If the system worked in the same way as calculating the yield and the final result was 1.0 for example, this would represent the optimal conditions. However, even under
optimal conditions, the time would essentially double in length, making crops harder to grow in good conditions and unintentionally making it better to plant under worse conditions. However, inverting this value would cause the time to extend by zero seconds, which is the intended behaviour. The higher the percentile is, the longer it will take for the plant to grow.
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Fig.15: The equation used within the game to calculate the overall growth time extension for each plant.



Finally, for the soil water drainage, the drain intensity would be set at a base variable by 0.005, to be subtracted from a water amount variable. A series of conditional statements would then be used to determine how much the drain intensity would be increased or decreased by. This is also where the precipitation variable comes into effect.































Fig.16: The flow chart used to determine the final water drain intensity value for each plant.
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4.2: Implementation


During the process of implementation, a development diary was kept and maintained. Each iteration cycle was carried out over a three-week period, following an Agile-style approach. Each iteration specified a main goal that was to be met by the end of the cycle. Each cycle listed the work that was done for the iteration and the progress that was made, showing major implementations that worked towards fulfilling the requirements of the deliverable. At the end of each cycle, areas for improvement would be identified, which would form the basis for goals in future iterations. Using the Agile
methodology ensured that features could be implemented incrementally and be refined constantly throughout the process of development. Keeping a development diary also made it easier to keep track of progress and identify what needed to be done.


































Fig.17: An excerpt of the Farming Game Development Diary, showing the entry for
ovember 3rd, 2025.
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When developing the game using Unreal Engine 5, the primary programming language used was the Blueprint system. This language acts as a visual scripting language for Unreal, allowing functions to be implemented using a node-based interface. This allowed for easy implementation of the game’s features and mechanics.



Blueprint Interfaces were commonly used to allow the player to interact with the farm tiles, allowing the player to water, plant and harvest crops by easily sending data to a tile.



















Fig.18: A screenshot of the code showing the logic for harvesting a plant. If a line trace hits a plant tile which has finished, a Blueprint Interface is used to harvest the tile.


The Blueprint system also has a feature called macros, with an entry and exit point. These were used to implement a timer system for each tile.








Fig.19: A screenshot of the code showing the macro used to count down the water timer. If the timer reaches zero, the plant will be killed, completing the macro. If the plant is watered within this time, the macro will finish early.
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A Blueprint called BP_ConditionsManager handles the logic for getting and setting the environmental conditions. Because it is placed within the world, the farm tile objects are able to obtain data from it.



































Fig.20: A screenshot of the temperature values stored within BP_ConditionsManager after being retrieved from OpenMeteo, in a 24-hour format.


To get the weather conditions for the current location, the VaRest Subsystem is used to make an API call via a URL. To allow support for multiple locations, the OpenMeteo URL is split into 3 sections by using an array. The OpenMeteo URL can have certain parameters specified to request specific data, but it requires latitude and longitude information to tell the API where to get the data from. Using the coordinates for each location (specific to where the SoilGrids data was collected), an appended string can be made to insert these latitude and longitude coordinates. These can be stored in
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separate arrays, and by randomizing a location ID at the start, it can specify the latitude and longitude coordinates in the array, allowing for a random location to be chosen every time the game starts.



Once a call is made, the retrieved JSO can then be returned via a separate function, where the data can be unpacked and assigned to their respective variables.























Fig.21: A screenshot of the code, showing a function which allows VaRest to make an API call. Here, an appended string is used to split the OpenMeteo URL into 3 sections. The latitude and longitude values are then inserted, with the values used depending on the Location ID, which is randomly selected at the start of the game.


A in-game time system is handled by using Delta Time. This allows the environmental values to change dynamically each in-game hour.
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Fig.22: A screenshot of the code, showing the in -game time system. This uses Delta Time, as it allows the time system to not be dependent on framerate each tick.



OpenMeteo also provides an hourly weather code for each location, which stores the current weather conditions as a code, such as whether it is overcast, raining or snowing for example. This is used to dynamically change weather effects visually in game. The
iagara particle system was used to create weather effects such as snow and rain to give visual indication of changing conditions.


















Fig.23: A screenshot of the game, showing snow effects within the world. These snow effects were created with the iagara particle system.


The game’s UI was created using a Blueprint Widget. All information such as player score or current conditions would be passed through to the UI Blueprint and update accordingly.
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Fig.24: A screenshot of a Widget Blueprint, showing the UI for the game, with the variables not yet being set yet.



A key function of the UI is to show the player information about the location’s current conditions, alongside the in-game time. BP_ConditionsManager passes this data to the UI and updates it every in-game hour.



















Fig.25: A screenshot of the code, showing a function in BP_ConditionsManager which sends the current environmental data to the HUD for display.
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However, there was a major issue during implementation. The condition values would not pass through correctly on game startup, with all the weather information text showing empty values. However, when an in-game hour passed, the values passed through correctly and were visible on the screen, so the data was still being retrieved.



The cause was identified as the PlayerUI and ConditionsManager blueprints being initialised at the same time on startup. VaRest has a delay from the subsystem sending a request to the API to then returning the data and storing it. PlayerUI on the other hand initialises instantly, causing a synchronization problem where it’s trying to access data which hasn’t been populated yet. This identified a new potential issue that hadn’t been encountered yet: if the player tried to plant a seed whilst ConditionsManager was still collecting data, it would use the unpopulated variables which would interfere with the growth mechanics.


To resolve this, a loading state was introduced on startup. This waits for VaRest to request and store the data, the game fully starts and the player is allowed to move. This fixed the synchronisation issue and allowed the UI to access the data from BP_ConditionsManager and display it on screen.














Fig.26: A screenshot of the code, showing the ‘loading’ state in action, where the HUD is not able to be updated until BP_ConditionsManager has retrieved all data needed.
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Fig.27: A screenshot of the game, showing the fully working UI displaying the environmental data of the current in-game hour for Wellington.



An important requirement for the game was to collect player metrics. The BP_MetricsManager actor would receive data from other actors when certain events happened in game, such as a player planting a crop or harvesting a tile.
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Fig.28: A screenshot of the code, showing BP_MetricsManager setting the total yield values for specific crop types. The function takes in the crop type and amount, which allows it to add the value to the correct location.



The main challenge was ensuring the data persists after the session for later analysis. On its own, the Blueprint system cannot read, write, or create external files. An initial workaround considered was to display all collected metrics on screen at the end of a session and prompting the user to take a screenshot for submission. This approach would have been impractical however, as it would require manual entry into a dataset, which is inefficient and potentially prone to error.


A solution was found however in the form of a Fab plugin, called Read and Write Text File. This gives Blueprints the functionality to take in a string and save it to an external
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file. By appending a string with all metrics collected, the data can easily be saved and transferred to an Excel file.





















Fig.29: A screenshot of the code, showing BP_MetricsManager saving an appended string with all the data collected from a play session to a .csv. Multiple appended strings have to be used here, as an appended string can only take in 26 strings. Because the engine version is 5.3, the Read & Write file plugin will display a dialog box in Windows asking the user where they would like to save the file, making it easy to find.

4.3: Testing

Testing was carried out during each iteration cycle. Unit testing was performed for individual game mechanics implemented during the current iteration, such as verifying that the plant tile timer counted down successfully at a consistent rate. After testing, the timer was found to be moving too fast and was dependant on the game’s frame rate. The testing results allowed for further refinement of the timer, by tying the timer countdown to a Delta Time system. Integration testing was mainly carried out with regards to the conditions manager and farm tile objects interacting with each other to influence growth mechanics, as well as sending data to the metrics manager. This ensured that the core mechanics of the game were working as intended and the integrated data had an effect on gameplay.
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Fig.30: An excerpt from the Farming Game Development Diary, showing the testing data for ovember 24th, 2025.


Due to the iterative nature of the Agile development process, particularly with regards to implementation and testing, errors and potential issues were able to be detected at an early stage, allowing for these issued to be addressed immediately. In addition, doing this made it easier to define goals for future refinements in subsequent iterations. This ensured that the deliverable worked as intended and was a stable project for play testers.
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Fig.31: A screenshot of the finished farming game deliverable.



The development diary and testing data can be found within the appendix.
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Chapter 5: Evaluation


5.1: Investigative Results
The game was sent to n = 9 participants for playtesting. Each participant received both the game and instructions on how to play. After their session, the participants were asked to send the .csv produced generated at the end of the game. The results from all nine participants were compiled into a dataset and analysed using Jupyter, being used to create visual graphs. All playtesting was done by participants on certain days from the 25th  of March to the 10th  of April.

























Fig.32: A series of bar graphs showing the mean environmental conditions by location.


Each location showcased a wide range of weather and environmental conditions across different sessions. This means that not every play session would be exactly the same, providing a level of variety and challenge for the game.

The crops most commonly picked across all sessions were staple crops such as wheat, corn and potatoes. Coffee was severely neglected, only being grown within the Cusco
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play sessions. This is potentially due to players realising that Coffee would not be feasible or profitable enough to justify the choice, instead opting for safer and easier
crops to grow. This potentially shows a level of strategic decision making from the participants with regards to the conditions. Crops such as bananas were mainly planted in environments suited to their requirements, whereas most colder climates focused more on easier to grow crops such as wheat and potatoes. The variation in crops across the different locations could suggest that the environmental conditions was an influencing factor regarding crop choices.





























Fig.33: A bar graph showing the crop choices by location.
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Fig.34: A pie chart showing the percentages for all crop choices from participants.



The data obtained from all 9 participants shows that many of them were not successful, with many colder or harsh environments not being able to turn a profit. The areas that were successful, Boise, Cusco and Singapore, offered more favourable conditions with warmer climates and higher levels of shortwave radiation.




















Fig.35: A bar graph showing the mean money made for all successful game locations. 40
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An interesting detail is that the play session in Singapore showed a very low number of crops being planted, even less than unsuccessful locations like Swansea or Wellington. However, the participant still managed to win the game with a positive ROI.


























Fig.36: A bar graph showing the total amount of each crop planted for the Singapore scenario, against the crop yield.


Looking at the data for crops planted in this location, it shows that corn was specifically singled out as the main plant of choice, with a few bananas also being grown. This suggests that the player made strategic crop decisions relative to the area and climate, which resulted in higher yields and the session being won.


Compare this to the crops planted in Djibouti City, where despite growing a larger number of crops than the Singapore session, the yields produced from these crops were not substantial enough to make a profit. In addition, the participant focused more
on wheat, potentially due to the plant being the only one lenient enough for the area’s conditions.
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Fig.37: A bar graph showing the total amount of each crop planted for the Djibouti City scenario, against the crop yield.



These scenarios promote the ideas suggested by Simon et al. [19], with the game showing a greater focus on environmental factors and natural processes rather than just productivity, challenging the perceived notions of “good farming”. The Djibouti City scenario also showcased how the real-world weather elements of the game can also be a potential detriment and acknowledge the challenges faced by farmers.


This can also be as an example of Self-Determination Theory [9] in action. The idea of player autonomy is supported by giving the player environmental data, to allow them to make their own crop decisions. As well as this, the variation of climates and conditions supports a level of competency for the player to adapt and adjust choices in crops.
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Fig.38: A scatter graph showing each session’s win outcome, against the total crops planted and total money made.



Whilst a high rate of crops planted does correlate with the game being won in some cases, seen specifically in Cusco, it shows that victory can be influenced more by strategic decision making and adapting to environmental conditions.
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Fig.39: A bar graph showing the mean crop growth time by location.



Looking at the mean crop growth time for each location shows that Reykjavik had a substantially higher growth time, potentially due to the conditions being suboptimal for all plants grown, with crops such as wheat potentially suffering due to the cold climate. This could be an explanation as to why the Interestingly, Djibouti City, despite having the worst ROI, had a relatively fast mean growth time for all crops. This shows that multiple factors could be at play for a game session loss, with Djibouti City’s harsher conditions being a factor for a faster rate of growth, but with diminishing yield returns and a higher rate of water drainage. These factors showcase a certain level of real-world data affecting gameplay in different areas.


A correlation heatmap of environmental and gameplay metrics shows that shortwave radiation had a strong positive impact on player success, showing positive correlations with ROI and the final money score. This can be seen in areas such as Boise and Cusco, with both areas displaying the highest amount of ROI compared to other areas with a lower mean.
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Fig.40: A correlation heatmap of the environmental and gameplay metrics collected.



The mean temperature showed a weak negative correlation to both total yield and ROI. This could suggest higher temperatures had an impact on performance, however areas
such as Singapore showcased moderately high temperatures yet still were successfully won by players. Because the temperature values vary substantially from each location, it could be assumed that This could suggest that an impact on performance was potentially caused more by harsher temperatures and climates, seen in areas such as Reykjavik and Djibouti City with marginally lower ROI.


The correlating data shows that the real-world weather variables did potentially have an effect on the growth and harvesting process, which addresses the gap proposed by studies such as Ismael et al. [20]. However, variables such as pH Level seem to show little no significant correlation with player yield, money made or ROI. This could show a potential limitation in the game’s design, particularly with soil variables being integrated into the game’s mechanics. Alternatively, the locations chosen for the game do may show a wide enough variation of pH levels for the variable to show enough effect on
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gameplay. The plants chosen as well might be too tolerant to the pH conditions across all seven locations.






























Fig.41: A correlation heatmap of the total crop yields and player wins.


Looking at this correlation heatmap for crop yields and player wins shows that the crops that contributed the most to players winning were corn and apples, with potato yields having a negative impact to the total money score and the player win rate. This could potentially be due to players growing this type of crop in more substandard conditions where the crop was not able to thrive. This can be seen in areas such as Cusco and Reykjavik, where despite the amount of potato crops grown, the yield was not substantial enough in these areas to break even from their original cost to grow. This could potentially be attributed to limitations in how mechanics are represented to the player, causing them to misunderstand optimal crop choices in certain areas.
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5.2: Case Study Results


The game was deployed within an educational environment with n = 5 participants playing the game during a session. Each participant was asked to play the game and then complete a questionnaire sent to them after the session was finished.































Fig.42: A photo of the farming game case study session, with participants playing the game. The participants shown here consented to this picture being taken and used.















47

[bookmark: 50]


























Fig.43: A pie chart showing the results of question 1 from the questionnaire, which asks:
“Did you find that real-world data integration had a large enough impact on the game experience?”



All participants stated that real-world data integration had a noticeable impact on the game experience. This shows that the game was working as intended when being played by the participants, with the data having an effect on gameplay. In addition, all participants were found to enjoy the session.
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Fig.44: A pie chart showing the results of question 8 from the questionnaire, which asks:
“Did you find that real-world data integration had a large enough impact on the game experience?”





60% of players found that the game provided a greater sense of realism when compared to games such as Harvest Moon [25], with 40% feeling that it was somewhat more realistic. This perceived sense of realism addresses points made by both Ismael et al.
[20] and Simon et al. [19] of games not having considered environmental factors or weather simulation.


When asked about which of the four environmental factors had the biggest impact on crop growth and management, 60% of participants identified temperature as the most impactful. Since temperature is tied directly to growth speed and water drainage, it could be assumed that players correctly identified that temperature had an impact on the time it would take for plants to grow, as well as the frequency in which players would
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have to water the tile. These results align with the ideas of Prensky [6], suggesting that the participants were able to identify these traits due to the interactive experience of the game.






































Fig.45: A pie chart showing the results of question 5 from the questionnaire, which asks:
“Out of these four variables, which of them do you believe had the most impact on crop growth and management?”


An interesting point of note is that, despite the metric data suggesting that shortwave radiation has the most impact on game success, 60% of participants stated that it had the least impact on crop growth. This could suggest a flaw in the game, that certain variables aren’t communicated as well in the game compared to something like temperature or pH level. This is a similar issue found in other serious game studies such as Urbano et al. [16], where some of the farmers did not adopt the Decision Support
50

[bookmark: 53]

System due to the concepts being too difficult to understand. This kind of educational clarity is a potential issue that needs to be addressed.

































Fig.46: A pie chart showing the results of question 6 from the questionnaire, which asks:
“Out of these four variables, which of them do you believe had the least impact on crop growth and management?”


Around 60% of participants said that it was easy or at least somewhat easy to grasp the real-world data mechanics of the game. This is a positive outcome, because as identified by Mohib et al. [11], difficulty balance was one of the factors that hindered the educational experience. However, 40% seemed to be neutral, suggesting that despite the balancing done within the design stage, the game may still not be perfectly
balanced. Another interpretation is that the game was potentially too overbalanced, causing certain learning outcomes to be lost on players.
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Fig.47: A pie chart showing the results of question 4 from the questionnaire, which asks:
“How easy did you find it to grasp the game's mechanics?”



This could have potentially had an effect on participants identifying how variables had an impact on the growth mechanics, as well as the game demonstrating the challenges farmers face. Whilst all participants did agree that the game did a good job of demonstrating these challenges, 80% said that it was done only somewhat well. This suggests that further work needs to be done with regards to both adjusting the difficulty
of the game as well as how real-world data is integrated into the game’s growth systems.






52

[bookmark: 55]




























Fig.48: A pie chart showing the results of question 3 from the questionnaire, which asks:
“How well do you feel that the game does a good job of demonstrating the challenges farmers face?”



Overall, the case study session was shown to be mostly successful, with 80% of participants stated that the game’s use of data integration could potentially be used as a suitable educational tool. However, certain areas such as educational clarity and difficulty will need to be addressed.
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Fig.49: A pie chart showing the results of question 7 from the questionnaire, which asks:
“Overall, do you believe that this game or its use of data integration can be used as a suitable educational tool?”


5.3: Final Evaluation

After analysis of both the investigative and case study data, the original objectives were evaluated against the results of the project to determine whether they have been met.


The objectives of developing a basic farming game and integrating real-world data into the core mechanics were met through the implementation of the core gameplay loop,
with crop growth and harvesting being influenced by a dynamic conditions system. The game met all requirements specified in the design stages and were easily able to be implemented using an Agile framework for development and testing.
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The objective of evaluating whether real-world data integration had an effect on gameplay through metrics was met. Playtesting for the game had a much higher turnout than expected, with additional four participants playing the game over the initial n = 5. By recording in-game metrics and saving the results to a dataset, certain aspects of the game’s mechanics were able to be analysed, filling a gap identified in studies such as Lee et al. [15], Tetiana et al. [18] and Takeshi et al. [14]. The results showed that certain variables of real-world data integration, such as shortwave radiation, had an effect on different aspects of the game, such as money made and games won. Certain areas also showed different crops strategies being used, suggesting that participants adapted to the conditions and tailored crops towards a given area. Other variables such as crop growth time also seemed to vary across different locations. These suggest that real- world data integration did have a large impact on the game experience.



The objective of deploying the game within a learning environment to evaluate its effectiveness as an educational tool was partially met. A majority of participants noted that the real-world data integration had an impact on gameplay and found the game to have a greater sense of realism. The participants realised the potential the game had as an educational tool, however the learning outcomes were mixed overall. Whilst players correctly identified that temperature had an effect on the growth process, other important variables such as shortwave radiation weren’t as easy to see.


There are certain limitations to this study. The sample sizes for both studies are quite low and aren’t large enough to make substantial claims about players at large. The scope of the game is also a limitation. There are many factors that influence the growth process in the real world, such as soil fertility, wind speed and humidity, yet the game
only covers four variables. As such, the game may not be fully impactful as an educational tool or as a game due to these missing elements. Some of these variables, such as pH level, were found to have little to no impact on the game, which may suggest that a rethink is required for how the environmental variables affect the systems in the game. In addition, there isn’t a way to see exact player movements or when players made certain actions, which limits the overall analysis. Certain crops like coffee were neglected, which makes it hard to evaluate the effects weather systems had on crops such as this.


The student’s educational backgrounds are also a potentially limiting factor for this study. The participants who played the game were students who did not from an
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agricultural background, nor were studying any subject related to agriculture. As a result, the familiarity with the subject and concepts at hand might have hindered their
ability to make strategic decisions with regards to growing and managing crops. Another explanation for this is an educational clarity issue, where the game’s concepts were not communicated well enough to the player. This was seen with regards to the choice of potato crops in areas with suboptimal conditions for the plant, as well as participants not seeing the impact shortwave radiation had on growth mechanics. Participants with an agricultural background may have been able to perform better in these situations. Even with this in mind, the ways that the game presents its concepts to the user may require serious consideration.



Overall, however, the aim of the project was met, and many of the objectives of the project were mostly or partially met, with certain limitations.






































56

[bookmark: 59]
Chapter 6: Conclusions and Recommendations


This project set out to create a proof-of-concept farming game with real world data integration to showcase its potential in enhancing gameplay and educational learning. This was accomplished through creating the game with Unreal Engine 5.3, using third- party plugins such as VaRest to integrate such data into the game. By using an Agile approach to development, a functioning prototype was able to be created, fulfilling many of the requirements set out in the design stages.


The metrics collected showed that real-word data integration had a noticeable effect on gameplay in certain areas, particularly within crop selection strategies, crop yields,
return on investment and money made. Shortcomings were found however, with regards to variables not having a significant impact on the game, as well as the scope of the game being too substantial with regards to agriculture.


The case study showed that a game like this has potential to be an effective educational tool. Real-world data integration made the game enjoyable and engaging for the participants, with many recognising the effect it had on gameplay as well as its educational potential. However, the perception of conditional variables in addition to the participants not fully seeing the educational potential of the game indicated that there is further room for improvement with regards to educational clarity and the
player’s understanding of underlying concepts.


Despite certain shortcomings and limitations, the deliverable and data collected has shown a game such as this has immense potential as a fully-fledged video game and educational tool in learning environments. to be developed further, with the integration
of real-world data offering an opportunity to further enhance gameplay and learning as a serious video game. Suggestions for further work include expanding the scope of the game, integrating additional weather variables such as wind speed and soil fertility into the mechanics to further explore the impact such data can have on gameplay. Other suggestions include refining the presentation and implementation of how environmental variables affect gameplay, in addition to deploying the game within an agricultural educational environment to evaluate the effectiveness of the game, particularly in comparison to non-agricultural learners.
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Chapter 7: Reflection


This project overall has been a very valuable experience for me, not just in terms of developing a farming game with real-world data integration, but also in terms of personal development too. From the start of the project all the way back in September until now, there were many challenges, both personal and in terms of development, however I feel that I’ve been able to grow as a person. I learned not only about the intricacies of farming video games and development, but also how to work under pressure in times of hardship and solve problems that came my way.


I was able to build certain hard skills during the course of this project. This project allowed me to work with Unreal Engine 5, and after creating the farming game I have gotten very equipped with the inner workings of the engine and its feature set, such as the Blueprint programming language or the iagara Particle system. I feel confident that I could make a fully fledged game within the engine now, which is great as one of my goals is to create my own indie game in the future. In addition, this project gave me the
opportunity to work with REST APIs and JSO files, which is a good skill to have in the world of networking and IoT. This could allow me to broaden my horizons within the computing field.


One skill I believe I have been able to develop greatly is my ability to conduct and evaluate research, particularly with the literature review. When starting out on the project with the proposal, my literature review was found to be slightly weak. Even though the articles and papers were of good quality and related to my proposal, it was lacking in critical evaluation, being only a mere summary of their contents. Since then, however, I received feedback on how to create a stronger review, as well as additional areas to look into. I took the feedback received from my supervisor and gave the sources a much deeper look. This resulted in a much better review that offers greater critical analysis and highlights certain areas of interest. This built a much stronger foundation for my project, as it allowed me to identify what had already been done in the field but also what could be improved or expanded upon. Having a strong review also allowed me to justify the decisions I had made over the course of the report. This is a skill that I really wanted to build on, as I would personally like to go into doing research in the future.

Another soft skill I believe I have developed greatly is communication, mainly with asking for feedback and implementing it into the project. Over the duration of this
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project, I kept in regular contact with my supervisor and asked for feedback on certain areas I wasn’t sure about or if I could improve in any way. I feel like doing this helped improve my project’s quality, focus and contents as a result. Before, I wouldn’t have described myself as very talkative or typically asking for what I could have done better.
ow, however, I feel very confident in asking for advice or even collaborating with other people.



However, I do believe that there are certain areas for improvement. One of these areas is time management. Whilst I did manage to adhere to the schedule of the Gantt chart I created and met my deadlines mostly close to their deadline, I feel I was not using my time as effectively as I would have liked. Certain features I wanted added to the game, such as upgrades for farm tiles or integration of soil fertility data were not able to be realised at the end of development. Whilst the deliverable was at a completed stage at the end of development, I feel like more could have been done in the allotted time frame. In addition, certain stages of the project, such as the case study session, came
mere weeks before the deadline, which I feel that if I had done earlier, I would have been able to give a better analysis and potentially have had a larger sample size.


In addition, whilst I managed to gain certain hard skills by working with Unreal Engine 5 and REST API communication, I feel like there were missed opportunities to use or develop other skills such as using GitHub pushes for development tracking and storage, as well as C++ programming in Unreal Engine for greater control of code. Using the Blueprint system was overall fine in the end for the game and allowed for easy implementation, however I feel that this was a missed opportunity to hone my OOP skills. This could have allowed for greater control over the game, as well as easier implementation of creating and writing files.


Overall, however, I am very satisfied with my output on this project. In certain areas such as researching and problem solving, I am quite proud of what I have been able to accomplish, and I am very happy to have created a proof-of-concept farming game. Regarding my overall personal development, and in spite of the skills I have both learned and developed further, I still believe that I have a very long way to go. In some
ways, I feel like my progress has not been as substantial as I would have liked. However, this does not deter me in the slightest. I will ensure that I will take what I have learned and gained from this project, along with my identified weaknesses, and will continue to build on these areas and keep improving in the future. With this in mind, I hope to
further my educational pursuits by exploring the possibility of a master’s degree,
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building on what I have learned and achieved with this project and hopefully taking it further.
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Appendix 1–Acknowledgements


The following tutorials were used in the process of development to help create the game:


How to make your own customizable PS1 Shader in 4 minutes (UE4/UE5):
https:  www.youtube.com watch?v=ST_JTXuGmv0
How to Make a Quick Day-Night Cycle in Less than 1 Min in Unreal Engine 5:
https:  www.youtube.com watch?v=bAb4-od6e0c
Let's make a farming game!:
https:  www.youtube.com playlist?list=PLPd68SzxcFpJw3Ti7zaTBlhCVIOFAZi0a




The following Fab store addons were used in game with permission:


Farm plants models (mobile game-ready, lowpoly): https:  fab.com s 544e6b24f906 Stylized farm objects (mobile game-ready): https:  fab.com s 06c679c34ff1
Read & write text file: https:  fab.com s 57b44eda7b23
VaRest - Rest API with Blueprints: https:  fab.com s 25d818f3023d


The following models were used in game with permission:


Apple tree by Poly by Google [CC-B ] via Poly Pizza Coffee plant by Poly by Google [CC-B ] via Poly Pizza Banana Tree by Poly by Google [CC-B ] via Poly Pizza Field of wheat by Poly by Google [CC-B ] via Poly Pizza Haystack by Poly by Google [CC-B ] via Poly Pizza Wind turbine by Poly by Google [CC-B ] via Poly Pizza Corn by uaterniusvia Poly Pizza
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Pine Trees by uaterniusvia Poly Pizza Small Plant by uaterniusvia Poly Pizza
Farm Buildings Bundle by uaterniusvia Poly Pizza Solar Panel Structure by uaterniusvia Poly Pizza Storage shed by uaterniusvia Poly Pizza
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Appendix 2: Investigative and Case Study Datasets


This folder contains both the investigative and case study datasets used for analysis and evaluation.


Link to folder: https:  uowtsd-
my.sharepoint.com :f: g personal 2314716_student_uwtsd_ac_uk IgBerj hwdcRSLbS WVl0M1D4AU01i0nKyB0TcoTgo6dnfqU?e=qV2ccl


Link to Microsoft Forms	uestionnaire used for case study:
https:  forms.cloud.microsoft Pages ResponsePage.aspx?id=-
REPTm4EBUWcu shUjEeIb2aVaf1me Doiw11bkiAH9UMzFEWUVOTzZCWEo1Skg4UTF BR1ExVD CUi4u
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Appendix 3: Game Development Document and Development Diary


This folder contains the Game Development Document created for design requirements, as well as the Development Diary, detailing the timeline of implementation for the game.


Link to folder: https:  uowtsd-
my.sharepoint.com :f: g personal 2314716_student_uwtsd_ac_uk IgDXV9WVqSmtTJ0 wX8qUG7zpAXCcfSz3vIUnrId2hX u 8M?e=1nDb04
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Glossary


Unreal Engine–Game engine created by Epic Games, commonly used for game and application development.
Blueprints–A visual scripting language made by Epic Games for use within Unreal Engine. Uses a node-like approach.
Fab–A storefront by Epic Games which provides addons for Unreal Engine, ranging from models and assets to libraries and additional functionality.
REST–Representational State Transfer. A software architectural style used commonly for web Application Interfaces, or APIs.
OpenMeteo–An open-source weather REST API which provides real-world weather data from around the world using latitude and longitude coordinates.
VaRest–Plugin for Unreal Engine from the Fab store which allows the game engine to communicate with web API services to request and receive data.
Jupyter–An open-source development environment which supports multiple languages such as Python. Runs code in increments, typically used for data analysis and machine learning.
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Date: Nov 3+, 2025

Iteration No. 1

Main Go:

mplement a basic farming tile in UES

Work Done:

teration Progres:

Created a farm tile actor in UES called BP_FarmTile

Implemented basic player interaction with the tile using a Blueprint Interface
(BPI_PlantSeed) and line casts to plant a crop

Created a basic timer that counts down crop growth and uses a Boolean
(HasPlant) to denote whether the timer has finished

Player can interact with the tile, pressing Q will make a cube “plant” appear in
the centre of the tile

Timer logic partially created for the tile, when it reaches 0 the cube disappears
from the tile

Prevented player from planting whilst the timer Boolean is true

Testing:

e

Tested pressing Q when looking at a tile at a far distance

Tested pressing Q when looking at a tile at a close distance

Tested pressing Q whilst a “plant” was growing with the timer still active

Tested the timer counting down from 15 and stopping at zero with the Boolean
being set to false

Tested pressing Q after a “plant” finished growing to see if the player can interact
with the tile again
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NOTE: All tests involving OpenMeteo (unless stated) uses the latitude and longitude
coordinates (51.6330, -3.9298) to get Swansea weather data. The variables were
compared with the JSON data collected from OpenMeteo’s documentation.

. Tested printing out the Temperature variables from the array after receiving data

from the API

2. Tested printing out the Shortwave Radiation variables from the array after
receiving data from the API

3. Tested printing out the Precipitation variables from the array after receiving data
from the API

4. Tested printing out the Weather Code variables from the array after receiving data
from the API

5. Tested lowering the framerate to 30FPS to see if the timer still counts down
consistently

6. Tested the timer at a base framerate of 60FPS

7. Tested obtaining OpenMeteo data from a different location (43.6089, -116.2042)

Results:

1. Passed. Printed out all hourly temperature variables correctly in a 24-hour format,
with the time being in the correct order.

2. Passed. Printed out all hourly shortwave radiation variables correctly in a 24-hour
format, with the time being in the correct order.

3. Passed. Printed out all hourly precipitation variables correctly in a 24-hour format,
with the time being in the correct order.

4. Passed. Printed out all hourly weather code variables correctly in a 24-hour
format, with the time being in the correct order.

5. Passed. The timer still counted down correctly even at a lower framerate.

6. Passed. The timer still counted down correctly at a high framerate.

7. Passed. The data obtained was different from Swansea and matched up with the

JSON obtained from the documentation.
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Correlation Heatmap of Environmental and Gameplay Metrics
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Did you find that real-world data integration had a large enough impact on the
game experience?
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Do you feel that the integration of real-world data gives the game a greater sense
of realism compared to other games of this genre, such as Harvest Moon or Farming
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Out of these four variables, which of them do you believe had the most impact on
crop growth and management?
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How easy did you find it to grasp the game’'s mechanics?
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How well do you feel that the game does a good job of demonstrating the
challenges farmers face?
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Overall, do you believe that this game or its use of data integration can be used
as a suitable educational tool?
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