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1. Abstract
The project aims to design, develop, and evaluate a serious game prototype built in unreal engine and informed by cognitive characteristics associated with autism spectrum disorder (ASD). The focus of the game will be on attention and user engagement. The objective will be to explore how using simple gameplay mechanics can support measurable user interaction within a limited environment.
A mixed method approach was adopted, which combines software development and both quantitative and qualitative evaluation methods. A third-person prototype game was developed where the player would navigate a small gaming environment, collecting target objects, which increases their score while avoiding distractor objects which reduce their score. The system incorporates a modular architecture which includes game logic, user interaction and data collection. The evaluation was conducted using a small sample of participants allowing the review of usability and engagement.
The results demonstrate that the prototype successfully implements a functional and engaging attention-based system and can capture user performance data, participants were able to understand and interact with the system effectively. Although the prototype remains technically simple, it provides a vital foundation for evaluating user interaction.
This concludes that simple game mechanics can support measurable engagement in a serious game context and as the system was not tested with individual with ASD no claims can be made regarding its effectiveness for this population. Future work should include testing with ASD participants alongside the introduction of adaptive difficulties and more complex cognitive tasks.
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3. Introduction
Autism Spectrum Disorder is a neurodevelopmental condition that affects how individuals process information and communicate. Many individuals with ASD experience differences in cognitive function such as attention, focus and processing. these differences can influence learning, daily life and engagement with others. [1,2]
Due to the increasing use of digital technology today, there has been an increase in the interest in use of applications in interactive systems, particularly in games, especially the use of tools that can help in cognitive engagement. Serious games defined as a game designed for the purpose beyond entertainment but offer an engaging interactive way to present tasks that may be repetitive to others [3]. The use of feedback and reward systems in these games are suitable for maintaining attention and motivation in its users.
Many existing applications lack applications lack clear performance measurements, technical evaluation and accessible design considerations with many systems often involving complex ethical and practical challenges when working directly with individuals with ASD. Resulting in the need for simple, measurable robust prototype systems that are informed by ASD related research and can be evaluated on a controlled practical manner.
This project addresses this gap by developing a serious game prototype focused on attention and user engagement, while incorporating measurable gameplay mechanics.
3.1 Aim
The overall aim of this project is to design, develop, and evaluate a serious game prototype informed by ASD‑related cognitive characteristics, in order to explore how simple gameplay mechanics can support measurable user engagement and interaction through neurotypical user testing.
3.2 Objectives
To achieve this aim, the project is guided by the following objectives:
· To conduct a review of relevant literature on ASD related cognitive characteristics and serious games, identifying key design considerations and research gaps.
· To analyse existing serious games and applications using Unreal Engine, implementing gameplay mechanics that involve collecting target objects while avoiding distractors.
· To Implement a data collection system capable of recording user performance such as score.
· To evaluate the prototype through user testing with a small participant pool, focusing on usability, engagement and system functionality
3.3 Project Scope
This project will focus on the development and evaluation of a protype rather a clinical validation, while the design is informed by ASD related research the evaluation is conducted using neurotypical users and is limited to usability, engagement and interaction data. No claims are made regarding the effectiveness of the system for individuals with ASD and this will be identified as an area for future research.


3.4 Structure
The remainder of this report is structured as follows. 
Section 4 – Research & Literature Review examining existing research on ASD related cognitive characteristics and serious games, identifying key themes and design principles relevant to this project. 
Section 5 – Development Methodology outlining the research approach, system design, development process and evaluation methods. 
Section 6 – Implementation presenting the technical development of the prototype, including system architecture, gameplay mechanics and data collection features.
Section 7 – Analysis of the data collection from user testing and an evaluation outlining a comparison of what this projects objective intended with what the prototype produced. 
Section 8 – Conclusion & Recommendations summarising the overall outcomes of the project and providing recommendation for further development and research.
Section 9 – Reflection on what was learnt during the project.


















4. Research & Review of Literature
This section reviews existing research relevant to the development of serious games informed by ASD. The review will focus on key areas including cognitive characteristics associated with ASD, the uses of serious games for engagement and learning, the accessibility and design principles as well as the analysis of existing games and applications. The aim is to identify the current approaches, evaluate their effectiveness and highlight any gaps in research that justifies the development of the proposed prototype system in this project.
4.1 Cognitive Characteristics of ASD
Autism Spectrum Disorder is associated with a number of cognitive differences that influence how individuals process information and engage with tasks. Research by Simon Baron=Cohen suggests that individual with ASD often demonstrate a variation in attention, social cognition and informed processing [4]. These variations can affect how users respond to interactive system and structed tasks.
Further research highlights the concept of theory of mind which refers to the ability to understand the menta state of people. Individuals with ASD may experience challenges in this area which influences how they interpret interactions and feedback [5]. Furthermore, studies suggest that individuals with ASD often display a detailed focused cognitive style sometimes referred to as a weak centre coherence, where attention is directed towards specific elements rather than the overall view [6].
These cognitive characteristics are important in the context of an interactive system design because they influence the user’s engagement such as how they perform a task or respond to feedback. Understanding these factors provides a foundation for designing a system that is structed and measurable.
Research by U Frith highlights that autism spectrum disorder involves a range of neurodevelopmental differences that influence attention, information processing and behavioural patterns which reinforce the need for structed and predicable interactions systems in applications [7].
T. M. Oswald et al report that attentional networks in ASD are developed atypically which contribute to the differences in how individuals process visual information and respond, this reinforces the need for predictable low distraction environments in serious game design [8].
“Three major aspects of cognition have had a profound influence on our understanding of ASD: theory of mind, weak central coherence and executive function.” [9].
The quote above taken from the chapter the cognitive profile in autism spectrum disorders written by William Many et al in the book autism spectrum disorder by M Leboyer and Pchaste, explains that autism research has been shaped by three theories. The first theory of mind which is the difficulty in understanding people’s thoughts, weak coherence which is the tendency to focus on details rather than overall context and executive functions which display difference in planning and attention.


4.2 Serious Game and Game Based Interventions
Serious games are widely used as a tool mainly in education and training. Research indicates that game-based systems can improve motivation and engagement through interactive mechanics, feedback systems and reward structure [10].
In a recent conference paper by Vehad Hulusic and Nirvana Pistoljevic titled A curriculum for developing serious games for children with autism: A success story, it is suggested serious games need clearer guidelines when being designed in an educational environment and possibly left to game developers [11].
Further studies have explored the use of serious games in the context of ASD, some focusing on cognitive and behavioural development. For instance, in a conference paper by Barnali Chetia et al, titled Comprehensive study on serious game design for autistic children highlights the importance of a structed interaction with clear objectives and consistent feedback [12]. Similarly in a journal article [13], it is suggested that game interventions can support cognitive engagement when tasks are presented in a controlled format.
During a journal written in 2022 by Carmela Bravaccio et al a study was conducted where a 3D personalised serious game was developed and used in the daily life of patients with ASD. The game consisted of simulating activates that would during shopping in a supermarket, it was established that there are potential benefits in using serious games to help in practising daily living skills [14].
In a conference paper written by Akash Bagchi et al titled building accessible video games for children with an autism spectrum disorder, the authors proposed a design of an interactive game which would help shape the behaviour and cognitive skills of children with ASD. In the conclusion the authors state that due to the large number of design decision within children’s video games it makes it difficult for them to play, therefore further increasing the need for a simple design [15].
A recent journal by N. Damianova and S. Berrezueta-Guzman titled serious games supported by virtual reality, the authors emphasis that serious games particularly those using virtual reality enhance engagement through an immersive feedback system which aligns with the importance of clear and immediate feedback in attention tasks [16].
The authors Y. L. Chien et al of the journal “Game-Based Social Interaction Platform for Cognitive Assessment of Autism Using Eye Tracking," [17] concluded that integrating eye tracking into a serious game environment provided a reliable and objective method for assessing the cognitive and social functions in individual with ASD. Capturing real time measurable data this supports this projects rationale in measurable interactions and objective metrics.
Research in serious game studies also suggest that clear objectives and feedback systems are essential for maintaining education engagement within the game [18].
4.3 Design Considerations Informed by ASD Research
This project does not involve any testing with individual with ASD, the research in this area does provide useful insights which can inform general design for this project.
General game design literature highlights the importance of usability and user engagement, the game flow model, proposed by Sweetser and Wyeth identifies key elements such as appropriate challenges, immediate feedback and clear goals which are essential factors in player interaction and enjoyment [18]. These principles are generally applicable beyond games and relevant to the design of an interactive system which aims to measure user performance.
In addition, game design theories emphasis, the importance of a feedback system and clear interactions loops when maintaining engagement [19]. These principles align with the findings from ASD related research in particular the structured tasks which measure outcome.
In context of this project these considerations are reflected in the use of simple gameplay mechanics and a clear objective for the player with target and distractor objects, structured in a loop. This approach ensures accessibility and usability allowing measurable evaluation.
4.4 Analysis of Existing Games and Applications
Several existing applications and games have been developed to support cognitive training and engagement. Popular platforms such as Cognifit and Lumosity use short repeatable mini games combined with performance tracking and adaptive difficulty systems. These applications demonstrate effective use of metrics such as accuracy and reaction time [20, 21].
However, many existing applications attempt to targe multiple cognitive domains simultaneously making the evolution more complex. A more focused approach such as targeting the attention specially allows clearer measurement for analysis.
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 [22] Figure 1 illustrates the type of games produced by Auti Spark, a mobile application available for children with ASD.
4.5 Gaps in Current Research
Despite the increasing use of serious games within ASD related research a number of limitations remain within the current literature. Existing studies frequently discuss on communication, emotion recognition and social interaction rather than measurable attention-based gameplay mechanics. Research by Stasolla et al, highlights the growing use of virtual reality and immersive serious games for ASD interventions but also identifies the illimitation relating to the accessibility and long-term evaluation [23]
Additionally existing research priorities therapeutic or behavioural outcome while providing limited technical discussion regarding the gameplay architecture and measurable interaction design. Xu et al, identified significant gaps relating to technical frameworks and data management within ASD serious game development [24], creating a disconnect between theoretical ASD research and practical game development.
Further research highlights that limitations in usability and accessibility are common in evaluation, Jaramillo-Alcazar et al states that accessible serious game development for ASD requires stronger usability focused methodologies and more structured implementation processes [25], however many existing systems do lack detailed usability and transparent gameplay.
4.6 Summary
This section has reviewed key literature related to ASD cognitive characteristics, serious games, designs, and existing applications. The findings indicate that serious games have strong potential for supporting engagement and interaction, but limitations exist in terms of evaluation, measurement, and accessibility.
The analysis highlights a gap in the development of simple, measurable, and technically evaluated systems. This provides a clear justification for the approach taken in this project, which focuses on developing a simple attention-based prototype that prioritises usability and performance tracking.




















5. Methodology 
This section explains the research and development methods used to design, develop and evaluate the serious game prototype. The methodology focuses on how the prototype was developed and why specific tools and methods were used and how the system was evaluated. The prototype follows a practical software development approach supported by user testing and performance measurement.
5.1 Research Approach
This project uses a mixed methods approach or multi-methodology [27], combining software development with both quantitative and qualitative evaluation. Quantitative data is collected through a simple measurable in game metric displayed as the score. Qualitative data is collected through participant feedback on usability and engagement.
This approach was selected because the project is not intended to clinically validate the game for individuals with ASD. Instead, it aims to evaluate whether the prototype functions correctly and whether the gameplay loop can support measurable user interaction. This aligns with the projects focus on usability and evaluation rather than therapeutic testing. 
5.2 Research Strategy
The research strategy used in this project is design and development research, supported by a small-scale usability evaluation. This is appropriate because the main outcome of the project is a working software artefact: a serious-game prototype.
The project does not use an experimental clinical method because individuals with ASD were not tested due to ethical restrictions. Instead, general participants were used to evaluate usability, engagement, and interaction. This allows the project to remain ethically safe while still producing useful evaluation data.
5.3 Software Development
An iterative development methodology was used during the development of the prototype, where agile development approaches were suitable, especially due to the continuous refinement and evolution of the prototype [28].  The iterative approach allows the systems to be refined over and over again during the development rather than a fixed process. Larman and Basili described the iterative development as an approach intended to “Avoid a single pass sequential approach” in a journal they authored titled Iterative and incremental developments. [29]
This method was chosen because game development often requires repeated testing and adjustments for example, gameplay mechanics such as target collection and distractors need to be tested during development to ensure they function correctly and feel understandable to the player.
Advantages of this approach is that it allows problems to be identified early and corrected before the final evaluation. A disadvantage is that iterative development can lead to scope creep, where additional features are added beyond the available time. To manage this, the project scope was limited to a basic attention-based game involving target and distractor objects.
5.4 Prototype Design
The prototype in this project is based on a Focus Finder concept. The objective of the game is for the player to identify and collect target objects while avoiding distractor objects within a set time. The game is designed to measure attention-based interaction through simple and repeatable gameplay. The metrics involved in the game include reaction time, scoring, false positives, missed targets, and performance over time. 
The final prototype uses a third person player character in a small environment prebuilt into the unreal engine software. The player moves around the environment collecting target objects that increase the score. Distractor objects are intended to reduce the score, creating a simple selective attention task where the player must distinguish between correct and incorrect objects.
The system follows a modular architecture, separating user interaction, game logic, data collection, and feedback [30]. This structure was chosen because it makes the system easier to develop, test, and explain. The planned architecture includes a user interface layer, game logic layer, data collection layer, and rewards layer. 
5.5 Tools & Materials
The prototype was developed using Unreal Engine 5.5.4. Unreal Engine was selected because it supports rapid prototyping, Blueprint visual scripting, third person character templates, collision systems, scoring logic, and interactive object behaviour. These features make it appropriate for developing a functional game prototype within a limited timeframe.
Blueprints were used to implement the main gameplay logic, including player interaction, target behaviour, distractor behaviour, scoring, and data logging. This approach was suitable because it allowed core mechanics to be built and tested quickly without requiring extensive low-level programming.
The project was originally intended for mobile deployment. However, due to time constraints, the prototype was evaluated as a desktop Unreal Engine application. This is acknowledged as a limitation because mobile deployment would allow touch-based interaction and better match the original project concept. Future work should include mobile optimisation and testing.
The hardware required for the project was a standard development computer capable of running Unreal Engine 5.5.4. No specialist hardware was required.
5.6 Evaluation Method & Criteria
Evaluation on the prototype using a small sample of general participants. Participants were asked to play the prototype and provide feedback on usability, engagement, and clarity of interaction. The evaluation focused on whether the game was understandable, functional, and capable of capturing measurable data.
The evaluation did not involve individuals with ASD. This was due to ethical restrictions and the difficulty of gaining approval for testing with a potentially vulnerable participant group within a set timeframe. Therefore, the evaluation focuses only on general usability and performance. No claim is made that the prototype is effective for individuals with ASD.






The prototype was evaluated using the following criteria:
	Functionality
	Does the game run correctly without major errors?

	Usability
	Can users understand the objective and controls?

	Engagement
	Do users find the gameplay clear and motivating?

	Performance Tracking
	Can the system record basic measurable interaction data?

	Design Suitability
	Do the mechanics support an attention-based task?


Quantitative data includes score, number of target objects collected, number of distractor interactions, and overall interaction. Qualitative data includes participant feedback on ease of use, clarity, enjoyment, and suggested improvements.
5.7 Data Analysis
Quantitative data was analysed using descriptive statistics. This includes totals, averages, and percentages, such as total score, correct interactions, incorrect interactions, and accuracy rate. This method is appropriate because the sample size is small and the project does not aim to make statistically generalisable claims.
Qualitative feedback was reviewed thematically by identifying common patterns in participant responses. For example, comments relating to controls, clarity, difficulty, or engagement were grouped into themes. This helped identify strengths and weaknesses in the prototype design.
5.8 Ethical Considerations
The project was designed as a low-risk usability and evaluation. Participants were general neurotypical users rather than individuals with ASD. They were informed of the purpose of the test, participation was voluntary, and no sensitive personal data was required.
The project avoids clinical or therapeutic claims. Although ASD related research informed the design, the prototype was not tested with individuals with ASD and therefore cannot be considered validated for that population.
5.9 Summary
This chapter has explained the methodology used to develop and evaluate the prototype. A mixed methods approach was used, combining iterative software development with quantitative performance data and qualitative participant feedback. Unreal Engine was selected as the development tool due to its suitability for rapid game prototyping. The evaluation focused on usability, engagement, functionality, and measurable interaction, while remaining ethically appropriate by testing only with general participants.




6. Design & Implementation
This section of this project describes the design and implementation of the serious game prototype. The section explains how the system was designed to support the project objectives and how the final prototype was implemented using Unreal Engine. Particularly focussing on the gameplay systems, modular architecture, user interaction and scoring mechanics.
The prototype was designed as a simple and measurable interaction system informed by ASD related research with serious game principles rather than attempting to create a clinically validated intervention. The gameplay is structed to allow user engagement and measurable actions.
6.1 System Requirements & Goals
The initial project requirements were identified through the literature review and analysis of existing serious games. Existing research highlighted the importance of structured interaction, measurable gameplay systems, and clear user feedback when designing serious-game applications. These findings influenced the overall direction of the prototype.
The primary design goal of the system was to create a simple gameplay loop capable of supporting a cognitive function in a measurable manner. The system therefore required:
· A player-controlled character.
· Target objects.
· A scoring mechanism.
· A timer system
· Clear visual feedback through the user interface.
 
Furthermore, distractor objects were also introduced to support selective attention gameplay by requiring the player to distinguish between positive and negative interactions.
A secondary design goal was maintainability and modularity, the project was intentionally structured using separate Blueprint systems for gameplay management, spawning, scoring, interaction and user interface. This modular approach was selected because it improves readability and testing by separating functionality into distinct components [20]. This also made it easier to iteratively expand the system throughout development.
6.2 Architecture
Following a modular architecture the prototype consists of separate gameplay and interface systems. The architecture of the prototype includes a game manager blueprint which is responsible for controlling the gameplay loop, targeting actors for interaction, bringing user interface widgets to view and the spawning systems, which are responsible for generating objects. 
The modular architecture was selected because it simplifies both implementation and testing. Rather than placing all functionality into a single Blueprint, gameplay systems were divided into separate responsibilities. This allowed individual systems to be tested independently while reducing unnecessary complexity.
The game manager acts as the centre control of the application. It is responsible for creating the HUD, managing the timer system, spawning targets and distractors, updating the score when objects are collided with and handling the overall game state. Separating these systems into dedicated components improved organisation and reduced the chances of conflicts between gameplay functions.
The system also follows an event driven design approach. Events such as player overlap, score updates or deductions, target spawning and timer completion are triggered independently through blueprint events and function calls. This design was selected because it supports responsive gameplay while simplifying interaction between gameplay systems.
6.3 Gameplay Design
The gameplay was designed around a simple attention-based interaction loop. The player controls a character within a confined environment and must collect target objects within a limited time. Each successful interaction increases the player’s score, while contact with distractor objects reduces it.
The gameplay design intentionally focuses on simplicity and clarity. Research within serious game and usability literature suggests that clear goals, immediate feedback, and structured interaction loops are important factors in maintaining user engagement [7]. As a result, the prototype avoids unnecessary complexity and instead focuses on measurable interaction through scoring and time management.
A timed gameplay session was introduced to create pressure and encourage continuous interaction. The timer system also provides a clear session structure that supports later usability evaluation. The inclusion of distractor objects introduces a selective-attention element, requiring the player to differentiate between correct and incorrect targets during gameplay.
The environment itself was intentionally kept visually simple. This decision was made to minimise unnecessary visual distractions and ensure the player remains focused on the gameplay objectives. A minimal user interface was also used, displaying only essential information such as score and remaining time.
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As shown in Figure 2, the gameplay environment is displayed with multiple target objects in green and the distractor object in red.




6.4 Implementation
This subsection is split into further subsections explaining numerous key aspects of the implementation of the prototype.
[image: ]
Figure 3 illustrates the gameplay screen in action with the character collecting the target objects and score increasing.
6.4.1 User Interface
[image: ]
Figure 4 illustrates the game over display once the timer reaches zero, displaying the players score and allowing them to restart.
The user interface was implemented using Unreal Engine Widget Blueprints. The HUD displays the player’s current score on the top right of the screen and remaining game time on the top left of the screen. This information is continuously updated during gameplay to provide immediate feedback to the player.
The interface design prioritised clarity and visibility. Large text elements were used to ensure important gameplay information could be understood quickly during movement and interaction. The interface intentionally avoids excessive visual elements in order to reduce clutter and maintain focus on gameplay objectives, further development can be implemented making the game more visually appealing in future work.
At the end of the session, a separate game over widget is displayed showing the player’s final score. This was implemented to provide clear session completion feedback while reinforcing the measurable nature of the interaction system, the player here has an option to return to the main menu or restart the game level.
The HUD widget is created during the begin play event inside the game manager blueprint. Once created, it is added to the player viewport, allowing the interface to remain active throughout gameplay.
6.4.2 Game Manager System
As previously mentioned, the game manager blueprint functions as the centre control system of the prototype, it is responsible for initialising gameplay systems, screenshots of the full blueprint design can be found in the appendices section of this report.
When gameplay begins, the system creates the HUD widget and activates a timer countdown. Separate looping timers are used to control target spawning and gameplay countdown functionality. This approach allows gameplay systems to run independently while remaining tightly managed.
The timer system continuously decreases the remaining gameplay time. Once the timer reaches zero, the game manager blueprint stops all active gameplay timers and creates the game over widget displayed to the players viewpoint. This ensures that gameplay ends cleanly while preserving the player’s final score.
The game manager also contains the scoring system. When the player successfully interacts with a target object, an add score event is triggered, incrementing the player score and updating the HUD.
This design approach was selected because it compacts gameplay management into one and simplifies system control and reduces duplication across gameplay actors.
6.4.3 Target Spawn System
One of the most important technical systems implemented within the prototype is the target spawning system. The system dynamically generates target objects at random locations within the game environment during gameplay.
The spawning system was implemented using blueprint functions within the game manager. Random X and Y coordinates are generated within predefined boundaries to create varied spawn locations. A sphere trace is then used to validate the spawn position before the target actor is created. This prevents targets from spawning inside objects or invalid areas of the environment.
This validation process was important because unreliable spawning behaviour could negatively impact the gameplay consistency and user experience. By checking locations before spawning actors, the system improves gameplay reliability while maintaining randomness.
The spawning process is controlled through looping timers, allowing targets to appear continuously throughout the gameplay session. This creates a consistent gameplay loop while encouraging ongoing player movement and interaction.
Distractor objects were implemented using a similar spawning process. Maintaining consistent spawning logic between targets and distractors simplified implementation and ensured predictable gameplay behaviour.
6.4.4 Target Interaction & Scoring System
Target interaction was implemented using Unreal Engine overlap events. Each target actor contains a collision sphere that detects interaction with the player character. When an overlap occurs, the target actor communicates with the game manager blueprint and triggers the add score event.
Once the score has been updated, the target actor destroys itself to prevent repeated interaction. This creates a clear gameplay loop where players continuously move through the environment collecting newly spawned targets.
This event interaction system was selected because it provides immediate response and reduces unnecessary processing complexity. The overlap approach also supports smooth gameplay interaction without requiring additional player input beyond movement.
Distractor objects follow a similar implementation approach. However, instead of increasing the score, interaction with distractors reduces the player’s score. This introduces an additional layer of challenge by requiring players to distinguish between positive and negative gameplay objects.
The scoring system supports measurable gameplay evaluation by recording successful and unsuccessful interactions. This allows metrics such as score, interaction frequency, and accuracy to be analysed during evaluation. 
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Figure 5 illustrates the blueprint layout for the adding and removing score used within the unreal engine blueprint.
6.4.5 Iterative Development Process
The prototype was developed using an iterative process in which systems were continuously refined throughout development. Core gameplay systems such as movement were preloaded when using Unreal Engine and factors such as spawning, scoring, and timers were implemented afterwards.
This approach allowed gameplay systems to be tested regularly during development, making it easier to identify problems and refine interaction behaviour. For example, the spawning system underwent several iterations to improve location validation and gameplay pacing.
The project scope also evolved throughout development. The original project concept included mobile deployment and more advanced cognitive mechanics. However, due to time constraints and technical limitations, the project was refined into a smaller but more stable attention-based prototype evaluated on desktop hardware.
This iterative refinement process helped ensure that the final prototype remained functional, achievable, and aligned with the revised project objectives.
6.5 Challenges & Limitations
Several challenges were encountered during development. One of the primary technical challenges involved learning and implementing blueprint-based gameplay systems within Unreal Engine. While blueprint scripting accelerated development, managing interactions between gameplay systems required careful organisation to prevent conflicts, tutorials from you tube were used to assist here.
Another challenge involved balancing project scope against the available timeframe. Features such as advanced adaptive difficulty systems and mobile deployment were originally planned but could not be fully implemented within the remaining project timeline. As a result, development prioritised gameplay stability and measurable interaction systems over feature expansion.
Ethical restrictions also limited the scope of evaluation. The system was informed by ASD related research but was not tested with individuals with ASD. Consequently, the project focuses on technical and usability evaluation rather than clinical effectiveness.
Despite these limitations, the final prototype successfully demonstrates a functional attention-based gameplay system with measurable interaction and modular architecture.
6.6 Summary
This chapter has described the design and implementation of the serious game prototype developed using Unreal Engine. The system was designed using a modular architecture that separated gameplay management, user interaction, spawning systems and scoring functionality. 
The implementation focused on creating a measurable attention-based interaction system supported by clear gameplay feedback and structured loops.
The iterative development process allowed gameplay systems to be refined throughout development while maintaining a stable and functional prototype. Although the final system remains technically simple, it successfully demonstrates the core objectives of the project by supporting measurable user interaction.








7. Evaluation and Analysis
This section evaluates the serious game prototype developed for this project through usability testing and participant feedback analysis. The evaluation focuses on the interaction, usability engagement and measurable performance. The purpose of this section is to determine whether the prototype successfully achieved this project objectives identified earlier and whether the implemented gameplay mechanics supported the user’s interactions. 
The evaluation was conducted using a small number of general participants rather than individuals with ASD due to the ethical restrictions identified during the project proposal stage. Therefore, the findings relate only to the games usability, engagement and functionality rather than therapeutic effectiveness.
Both quantitative and qualitative data were collected through a questionnaire and the gameplay sessions. Quantitative data was gathered using Likert scale questions while the qualitative feedback was obtained through open ended participant responses. The findings are analysed in relation to the literature review.
7.1 Evaluation Method
The evaluation used a mixed method approach combining quantitative questionnaire data with qualitative participant feedback. Participants were asked to play the prototype and complete a post gameplay usability questionnaire designed to evaluate interaction quality, engagement, gameplay clarity, and responsiveness.
The prototype was tested as a desktop Unreal Engine application. During the gameplay sessions participants controlled the player character and attempted to collect target objects while avoiding distractor objects within a limited time period. Following gameplay participants completed a questionnaire using a five-point Likert scale ranging from strongly disagree (1 star) to strongly agree (5 stars).
The questionnaire focused on several key areas shown below:
· usability of controls 
· gameplay clarity 
· interface readability 
· player engagement 
· score and timer effectiveness 
· responsiveness of interaction 
· selective attention mechanics 
Open ended questions were included to gather additional participant feedback regarding strengths and suggested improvements.
This evaluation approach was selected because it allowed measurable usability data to be collected while also providing more descriptive feedback regarding gameplay experience and engagement.

7.2 Questionnaire Design
The questionnaire was designed using an online poll maker, Typeform [21], this allowed easy access for the participants to complete after their session. In order to evaluate the usability and engagement of the prototype, short and structured questions were used. A Likert scale design was selected because it allowed numerical analysis of participant responses while remaining simple and quick to complete.
The questionnaire was divided into three categories:
Usability
Questions used focused on:
· ease of understanding controls 
· clarity of gameplay objectives 
· user interface readability 
· ease of interaction 
Engagement
Questions used focused on:
· gameplay enjoyment 
· effectiveness of the timer system 
· motivation created through scoring 
· attention and focus during gameplay 
Gameplay Experience
Questions used focused on:
· responsiveness of the system 
· replayability 
· overall gameplay interaction 
The questionnaire design was informed by serious game literature, particularly research highlighting the importance of clear objectives, immediate feedback, and structured interaction loops in maintaining engagement.
7.3 Participant Results
This section is split into further subsections explaining the results of each question.
7.3.1 Ease of Understanding Controls
Participants responded positively to the statement regarding control clarity, with an average score of 4.67. Most participants agreed that the controls were simple and easy to learn.
This result was expected because the prototype intentionally used a simplified third person movement system combined with limited gameplay inputs which came prebuilt with the Unreal Engine software. The result supports findings from the literature review suggesting that structured interaction and clear mechanics improve usability and engagement [8].
7.3.2 Clarity of Gameplay Objective
The statement relating to gameplay objectives achieved an average score of 3.67. Most participants understood the purpose of collecting target objects; however, some participants indicated that gameplay goals could be explained more clearly.
This partially matched expectations. While the gameplay loop itself was intentionally simple, the absence of tutorial elements or onboarding instructions may have reduced clarity for some players.
This finding links to serious-game literature that highlights the importance of clear objectives and feedback systems in maintaining player engagement [7].
7.3.3 User Interface
The user interface received an average score of 4.20, indicating generally positive responses. Participants reported that the score and timer displays were visible and easy to understand during gameplay.
This result was also expected because the interface was intentionally designed to minimise clutter and display only essential gameplay information. The findings support literature suggesting that simplified interface design contributes positively to usability and accessibility [7].
7.3.4 Gameplay Interaction
Participants responded very positively regarding gameplay interaction, producing the highest average score of 4.75.
This suggests that the gameplay systems functioned reliably and that interaction with gameplay objects was responsive. The overlap-based interaction system implemented within Unreal Engine successfully provided immediate feedback during gameplay.
The result aligns closely with game flow principles discussed within the literature review, particularly regarding immediate feedback and interaction responsiveness [12].
7.3.5 Gameplay Enjoyment 
Gameplay enjoyment achieved an average score of 3.17, indicating mixed responses from participants.
This result was lower than expected. While participants generally understood the gameplay mechanics, several responses suggested that the prototype lacked gameplay variety and long-term challenge. This is likely due to the simplified nature of the prototype and the limited number of implemented gameplay mechanics and difficulty levels.
7.3.6 Score System Motivation
The statement relating to the scoring metric s achieved an average score of 3.50. Participants generally agreed that the score system encouraged interaction and created feedback from the gameplay.
This result supports the implementation decision to use continuous score updates during gameplay. The score system provided measurable feedback and encouraged players to actively collect targets throughout the gameplay session.

7.3.7 Timer Engagement
However, the timer system received an average score of 3.00, representing one of the weaker evaluation areas.
While some participants reported that the timer increased urgency and engagement, others believed that the gameplay pressure became repetitive over time. This suggests that the timer system successfully increased activity but may require balancing improvements or additional gameplay variation.
7.3.8 Attention and Focus Mechanic
The target and distractor system achieved an average score of 3.33. Participants generally recognised that the gameplay required attention and focus, although some responses suggested that additional gameplay complexity could improve the selective attention challenge.
This result was expected because the distractor system was intentionally kept simple during prototype development. Despite this limitation, the gameplay still demonstrated measurable interaction through correct and incorrect object collection.
7.3.9 Gameplay Response
Gameplay responsiveness question achieved an average score of 4.67, indicating that participants found the system responsive and functional during gameplay.
This result reflects the effectiveness of the event driven blueprint implementation and overlap based interaction systems developed within Unreal Engine. The Immediate interaction feedback contributed positively to usability and gameplay flow.
7.3.10 Replayability
Participants reported a replayability average score of 3.75, suggesting moderate interest in replaying the prototype.
This indicates that participants recognised potential within the gameplay concept but also identified opportunities for further development. Feedback suggested that additional gameplay variety, visual improvements, and progression systems would improve long term replayability.
This finding was expected due to the prototype focused scope of the project.
7.4 Gameplay Performance Results
Gameplay performance was evaluated through measurable interaction metrics including score tracking, successful target collection, and incorrect distractor interactions.
The gameplay data demonstrated that participants successfully interacted with the prototype systems and understood the core gameplay loop. Most participants adapted quickly to the movement and collection mechanics, suggesting that the simplified gameplay structure supported usability and interaction.
A noticeable relationship was observed between gameplay understanding and participant enjoyment. Participants who adapted quickly to the controls generally achieved higher scores and reported more positive gameplay experiences. This similarity was expected because of the ease of the interaction directly influenced the engagement and player satisfaction.
The inclusion of distractor objects required participants to differentiate between correct and incorrect interactions. Although the system remained relatively simple, it successfully demonstrated measurable interaction through score increases and penalties.
The timer system also influenced gameplay behaviour by encouraging continuous movement and interaction throughout the gameplay session. While questionnaire responses towards the timer mechanic were mixed, gameplay observations suggested that participants remained actively engaged during timed sessions.
7.5 Discussion of Findings
The evaluation findings suggest that the prototype successfully achieved its primary technical objectives. Participants consistently reported that the controls, interface, and gameplay interaction systems were understandable and responsive. This supports the project objective of creating a functional serious game prototype capable of supporting measurable interaction.
The findings strongly support literature review themes relating to usability, structured interaction, and immediate gameplay feedback. The simplified gameplay loop, clear interface design, and continuous score feedback contributed positively to usability and interaction quality.
However, the evaluation also identified limitations relating to gameplay depth and long-term engagement. Lower scores relating to gameplay enjoyment and timer engagement suggested that additional gameplay mechanics and progression systems would improve replayability and sustained enjoyment.
Despite these limitations, the evaluation demonstrates that the prototype successfully implemented measurable gameplay systems capable of supporting interaction analysis and usability testing. Importantly, the project achieved this without making unsupported claims regarding ASD effectiveness or therapeutic outcomes.
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Figure 6 illustrates the results of the questionnaire feedback completed by participants, displayed in graph.

7.6 Limitations
As briefly mentioned, several limitations affected the evaluation process. The most significant limitation was the inability to evaluate the system using individuals with ASD due to ethical restrictions. As a result, the findings relate only to general usability and gameplay interaction rather than effectiveness for ASD populations.
The sample size used during testing was relatively small, limiting the statistical significance of the findings. 
Another limitation was the simplified nature of the gameplay systems. While the prototype successfully demonstrated measurable interaction, additional mechanics such as increasing difficulty levels such as a progression system, and expanded gameplay variety would likely improve engagement.
If the project were to be developed further, future improvements would include:
· Mobile deployment 
· Adaptive difficulty systems 
· More advanced distractor mechanics 
· Larger usability testing 
· Graphical and visual improvements
7.7 Summary
This chapter evaluated the serious game prototype through participant usability testing and gameplay analysis. The findings demonstrate that the prototype successfully implemented a functional gameplay system capable of supporting measurable interaction and structured gameplay feedback.
Participants generally found the controls, interface, and gameplay systems easy to understand and interact with even though simple and plain. The evaluation also identified areas requiring further development, particularly in relation to gameplay variety, visual appeal and long-term engagement.
Overall, the evaluation findings indicate that the project successfully achieved its primary technical objectives while remaining aligned with ethical restrictions and the revised project scope.









8. Conclusions & Recommendations
This section concludes the project by summarising the research, development, implementation and evaluation of the serious game prototype. The section reflects on how the project objectives were address and discussed, along with the overall effectiveness of the prototype.
The project aimed to design and developed a serious game protype informed by ASD related research that could support measurable attention-based interaction through gameplay mechanics. The project did not evaluate individuals with ASD due to ethical restrictions however the final prototype successfully demonstrated a functional gameplay system that is capable of supporting usability evaluation and measurable user interaction.
8.1 Project Summary
The project began by investigating research relating to autism spectrum disorder, serious games, engagement systems, and usability focused game design. The literature review identified several important themes, including the role of structured interaction, immediate feedback, measurable gameplay systems, and accessibility considerations within serious game development.
This research informed the design of the focus finder themed prototype, which was developed using Unreal Engine. The final prototype implemented a third person gameplay environment where players were required to collect target objects while avoiding distractor objects within a timed session.
The system was designed using a modular blueprint architecture including gameplay systems such as scoring, spawning, user interaction, and user interface management. This modular structure supported maintainability, iterative development, and easier testing throughout implementation.
Several gameplay systems were successfully implemented, including:
· target spawning 
· score tracking 
· timer based gameplay 
· target and distractor interaction 
· HUD 
· Game over functionality 
The prototype was then evaluated using general participants through usability questionnaires and gameplay observation. The evaluation demonstrated that participants generally found the gameplay systems understandable, responsive, and functional. The highest evaluation scores related to gameplay interaction and responsiveness, while lower scores highlighted limitations relating to gameplay variety and long-term engagement.
Overall, the project successfully achieved its primary technical objective of developing a measurable attention-based gameplay prototype informed by ASD related research.


8.2 Achievement of Objectives
The project objectives identified within the introduction were largely achieved.
The first objective was to investigate research relating to ASD-informed game design and serious game engagement systems. This objective was successfully achieved through the literature review, which examined cognitive characteristics associated with ASD, serious game design principles, usability considerations, and evaluation methods.
The second objective was to design and develop a functional gameplay prototype capable of supporting measurable interaction. This objective was achieved through the implementation of the Unreal Engine prototype, which included a scoring system, timed sessions, target spawning, and interaction mechanics.
The third objective was to evaluate the usability and engagement of the prototype using participant testing. This objective was partially achieved through questionnaire-based usability evaluation and gameplay observation. Although the evaluation successfully assessed usability and gameplay interaction, it did not involve individuals with ASD due to ethical restrictions.
The final objective was to explore how gameplay systems could support attention-based interaction. The inclusion of target and distractor mechanics, scoring, and a timer successfully demonstrated measurable interaction through correct and incorrect gameplay behaviour.
Although some originally planned features such as mobile deployment and more advanced gameplay systems were not fully implemented, the project remained aligned with its revised scope and successfully delivered a stable and functional prototype.
8.3 Key Findings
Several important findings emerged from the development and evaluation process.
Firstly, the evaluation demonstrated that simple gameplay systems can successfully support measurable interaction and usability testing. Participants generally found the gameplay interaction systems easy to understand, suggesting that simplified interaction design contributed positively to usability.
Secondly, the project demonstrated that modular blueprint architecture within Unreal Engine can effectively support rapid prototyping and gameplay system development. Separating gameplay systems into independent components simplified implementation and allowed gameplay mechanics to be processed iteratively throughout development.
The evaluation also highlighted the importance of balancing simplicity with engagement. While participants responded positively to the usability and responsiveness of the prototype, lower engagement scores suggested that additional gameplay depth and variety would improve replayability and long-term user interest.
Finally, the project reinforced findings identified within the literature review relating to the importance of clear goals, immediate feedback, and structured gameplay loops within serious game design.


8.4 Recommendations and Future Work
Many opportunities exist for further development and future research.
One important area for future work would involve improving the visual quality of the prototype using graphical assets, animations, particle systems, and improved environment design. This would likely improve immersion and long-term engagement during gameplay evaluation.
Another recommendation would be the implementation a difficulty system. Gameplay difficulty could dynamically adjust based on player performance, allowing the system to provide more personalised gameplay experiences and improved engagement.
Future work could also include:
· Expanded gameplay mechanics 
· Multiple game modes 
· Improved distractor behaviour 
· Progression system 
· Audio system 
· Mobile deployment and optimisation 
Most importantly, future research should involve ethically approved usability testing with individuals with ASD. This would allow the system to be evaluated within the intended research context and would provide more meaningful insight into the effectiveness of ASD informed gameplay design.
A larger participant sample would also improve the reliability and statistical importance of evaluation findings.
8.5 Final Conclusion
In conclusion, this project successfully designed, developed, and evaluated a serious game prototype informed by ASD related research. The final system implemented measurable gameplay mechanics including scoring, timed gameplay, target interaction, and distractor-based selective attention systems.
The evaluation demonstrated that the prototype was functional, understandable, and capable of supporting measurable user interaction. Although the system remains technically simple and visually limited, the project successfully achieved its primary technical objectives.
The project demonstrates the potential for simple gameplay systems to support measurable interaction and usability focused serious game development, while also identifying several opportunities for future refinement and research.




9. Reflection
This final section reflects on the overall projects process including the research, design, development and evaluation. The purpose of this reflection is to identify the technical and personal skills developed throughout the project while considering the challenges encountered and identifying lessons learned throughout the process.
This project represented the largest independent piece of work undertaken during the degree programme and while the project went successfully resulting in a functional prototype and completed dissertation, the overall process highlighted weaknesses in project planning, time management and scope control. Furthermore, personal circumstances and mental health difficulties throughout the academic year had a significant impact on motivation, productivity and overall performance.
Reflecting on these challenges has provided valuable insight into both games development and personal working habits. 
9.1 Technical Reflection
The most significant areas of learning throughout this project were the practical use of Unreal Engine and blueprint scripting. Prior to beginning the project, experience with Unreal Engine system was limited in particularly in relation to gameplay architecture, event programming and user interface implementation.
Throughout the development, the project improved understanding of gameplay systems such as object spawning, collision and overlapping systems, scoring and timing, Hud and blueprint architecture.
The project also demonstrated the importance of modular system designs within games development, which separates gameplay and individual blueprint debugging, this made implementation easier to manage during the last stages of development.
Even though the final prototype remained technically simple compared to the original version of the project, the completed systems successfully implemented core gameplay mechanics. Several planned features were either simplified or removed due to the development difficulties, features such as mobile development, adaptive gameplay, expanded environments and graphics.
Although this initially disappointing the experience reinforced an important lesson with development. A smaller and more stable, functional system is significantly more valuable than an overly ambition project which couldn’t be completed properly.
The project also improved the understanding of iterative development as implementation progressed it became necessary to repeatedly refine and simplify the scope to ensure the prototype remained achievable. This demonstrates the practical importance of prioritising core functionalities over excessive features.
9.2 Reflection on Time Management & Planning
One of the weakest aspects of the project was time management. Looking back on the project timeline, development should have begun much sooner and progressed more consistently throughout.
A significant amount of time was initially spent planning features and considering large scale ideas rather than implementing and testing core gameplay system early in development. As deadline approached, increased pressure and required rapid scope reduction were needed to complete a functional prototype.
This poor time management had a direct impact on the overall compacity and quality of the final system. While the prototype remains successful in implementation of the intended core gameplay mechanics, there was insufficient time to fully polish the games while adding visual design or implement more advance gameplay.
The project therefore highlighted the importance of established realistic milestones, maintaining consistent progress and avoiding unnecessary scope expansion.
If the project were to be undertaken again the development would begin much earlier with greater focus on building a minimum viable prototype before considering additional features and improvements.
A further lesson learned was the importance of balancing implementation and documentation simultaneously, much of the written work was delayed until the end of the project which increased workload pressure. Maintaining more consistent documentation through development would have significantly improved the organisation of workloads and reduced stress.
9.3 Personal Reflection
The project was heavily influence by personal circumstances and the mental health difficulties experience throughout provided low motivation, stress and poor wellbeing which significantly affected the concentration productivity and consistency during development.
A several points during the project maintaining progress became extremely difficult, particularly when technical setbacks occurred or when the overall workload became overwhelming. This contributed to delays in implementation and reduce the amount time available for refinement and testing.
While these difficulties negatively affected the project outcomes in area the experience also highlighted the importance of resilience and adaptability with impendent work. Despite the setbacks and periods of low productivity the project was ultimately successful through the continued revision, scope adjustment and prioritisation of essential objectives.
The experience increased awareness of the importance of maintaining realistic expectations and seeking balance during large scale projects. The attempts to mane overly ambitious goals while struggling with motivation and mental wellbeing created unnecessary pressure and contributed to inconsistent progress throughout development.
Reflecting on this experience has strengthened the importance realistic planning, workload management and maintaining working habits.
These lesions are likely to remain valuable beyond the completion of this project. 
9.4 Prototype Reflection
Even though the final prototype remained visually simple and technically limited in some areas it successfully achieved its core objective.
The evaluation findings also show that participants generally found the gameplay systems understandable and responsive.
There are several aspects of the prototype that could have been improved significantly with better planning and more development time such as placeholder assets and better meshes, minimal environment designs to better the visual quality and make gameplay more enjoyable.
Similarly, the gameplay depth remained limited where the prototype successfully demonstrated the core gameplay concept still lacked a progression system, more variation and long-term enjoyment features which would typically exist within a more complete serious game system.
9.5 Skills & Development Reflection
Despite the challenges encountered throughout the project the experience has provided significantly to both technical and personal development. Technically the project improved:
· Unreal Engine proficiency
· Blueprint scripting
· Gameplay system design
· Debugging and problem solving
· Software architecture
The project also improved research and academic writing abilities through the analysis of academic literature and documentation.
The project also reinforced the importance of persistence and resilience during the long independent work. Completing the project despite the difficulties previously mentioned has increased the ability to adapt to pressure and continue to work toward achievable goals.
The project ultimately provided realistic insight into challenges involved in games development projects and in particular the planning, management and balancing.
9.6 Final Reflection
To conclude, this project provided valuable experience across both technical and personal areas of development. While the final prototype remained simpler and less polished than originally intended, the project successfully demonstrated a functional serious game system capable of supporting measurable gameplay interaction and usability evaluation.
The project also highlighted several important lessons relating to project planning, time management, scope control, and maintaining realistic expectations during games development. Personal challenges and poor time management significantly affected the overall outcome of the project however these difficulties also provided valuable insight into the importance of adaptability, resilience, and sustainable working practices.
Most importantly the project demonstrated the ability to apply academic research, engineering principles, and independent problem solving within a practical development environment. Although there are many aspects that could have been improved with additional time and better planning, the project ultimately represents significant personal and technical growth throughout the final year of study.
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12. Appendices
Appendix Figure A1- Game Manager blueprints
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Appendix Figure A2- Target object blueprint
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Appendix Figure A3- Distractor blueprint
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Appendix Figure B1- Screenshots of questionnaire
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" Section A— Usability
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B The user interface was easy to understand.
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B The score system motivated continued play.
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@ What did you like most about the prototype?
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