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[bookmark: _Toc216357208]Chapter 1 - Introduction
[bookmark: _Toc216357209]1.1 Project Overview
The development of digital games has evolved into a mature discipline that encompasses software engineering, human–computer interaction, and interactive media design. Within this landscape, classic puzzle games such as Tetris remain relevant due to their enduring popularity, mechanical simplicity, and capacity to serve as effective case studies for algorithmic problem-solving. This project focuses on the design and implementation of a modernized Tetris-style game developed using the Python programming language and the Pygame framework. The work aims to construct a fully functioning software artefact that demonstrates not only technical proficiency but also a comprehensive understanding of development methodologies, system design, testing approaches, and evaluation techniques appropriate to a Level 6 independent project. The project represents a complete end-to-end development cycle, beginning with conceptualization and culminating in functional deployment.
[bookmark: _Toc216357210]1.2 Background of the Study
Tetris, originally released in 1984, has become one of the most recognizable and influential video games in history. It’s simple mechanics conceal underlying algorithmic intricacies, including collision detection, grid management, real-time input handling, and procedural spawning of geometric shapes. These qualities make Tetris an academically valuable model for contemporary game development projects. Moreover, the rise of accessible programming libraries such as Pygame has enabled developers to recreate classic games while enhancing them with modern software engineering practices. As a result, Tetris-style projects offer an opportunity to explore key programming concepts, reinforce object-oriented design, apply iterative development methodologies, and evaluate user experience considerations within a controlled technical environment.
[bookmark: _Toc216357211]1.3 Problem Definition
Although numerous Tetris implementations exist, many lack modularity, extensibility, or adherence to systematic software development standards. Informal hobbyist recreations often omit formal documentation, structured testing, and maintainable code design. Consequently, learners may struggle to understand how professional, academically rigorous implementation should be structured. This project aims to address this gap by producing a technically documented, methodologically justified, and systematically evaluated software system. The challenge lies not merely in replicating known mechanics but in demonstrating appropriate software engineering principles throughout the development lifecycle.
[bookmark: _Toc216357212]1.4 Aim of the Project
The primary aim of this project is to design, develop, test, and evaluate a Tetris-style game that adheres to recognized software engineering methodologies. The project seeks to create a functional artefact that reflects industry-aligned practices in architecture, implementation, and evaluation, thereby showcasing competence in developing interactive systems.
[bookmark: _Toc216357213]1.5 Objectives
To achieve the aim, the project establishes the following objectives:
· To conduct a critical literature review examining existing Tetris implementations, game design theories, and relevant software development frameworks.
· To identify and formally specify functional and non-functional system requirements.
· To design an appropriate modular architecture supporting gameplay mechanics such as shape rotation, collision detection, scoring, and level progression.
· To implement the game using Python and Pygame, applying object-oriented principles and structured programming conventions.
· To perform comprehensive testing, including functional test cases and manual gameplay evaluation.
· To analyze the performance and user experience of the final system.
· To reflect on the development process and identify opportunities for improvement and future enhancement.
[bookmark: _Toc216357214]1.6 Motivation
The motivation for this project arises from both educational and professional considerations. From an educational perspective, developing an interactive system provides an opportunity to integrate knowledge gained from previous modules, including programming, software design, cloud computing fundamentals, and system analysis. From a professional standpoint, employers increasingly value demonstrable artefacts that showcase a practical understanding of software engineering principles. Additionally, the timeless appeal of Tetris offers a suitable foundation for exploring user engagement, algorithmic efficiency, and UX-driven design decisions. Engaging with such a project encourages creative problem-solving and offers a structured environment for experimenting with iterative refinement strategies.
[bookmark: _Toc216357215]1.7 Scope of the Project
The scope of the project includes the full development lifecycle of a single-player Tetris-style game running locally in a desktop environment. Key components include real-time gameplay mechanics, a scoring system, a next-piece preview, level progression, and a graphical user interface comprising a main menu and game scene. The project will not include multiplayer functionality, online connectivity, mobile deployment, or cloud-based integration, as these aspects extend beyond the intended focus and timeframe. However, the system is designed in a modular manner to allow future enhancements, demonstrating foresight and scalability within reasonable constraints.
[bookmark: _Toc216357216]1.8 Structure of the Report
This report is organized into eight chapters. Chapter 2 presents a critical review of literature relevant to game development, Tetris mechanics, and associated technologies. Chapter 3 outlines the methodology adopted for the project. Chapter 4 details the system analysis, including requirements and risk evaluation. Chapter 5 describes the design, implementation, and testing of the game. Chapter 6 evaluates the system in terms of functionality, performance, and user experience. Chapter 7 presents the conclusions and recommendations for future work. Chapter 8 provides a reflective account of the development process and learning outcomes.


[bookmark: _Toc216357217]Chapter 2 – Literature Review
[bookmark: _Toc216357218]2.1 Introduction
This literature review represents the theoretical basis of this project, as it provides a systematic evaluation of existing literature related to game mechanics, software development methodologies, and human-computer interaction. To develop a game like Tetris using Python with Pygame, it is important to contextualize this research effort as part of a body of literature related to puzzle video games, cognitive engagement, 2D interactive software, and cognitive psychology. According to literature, puzzle video games, unlike other types of video games like interactive storytelling, use mechanical depth, user cognition, and challenge loops as their primary engagement mechanism [1, 2]. Tetris, as a game, has been a subject of extensive research due to their simplicity and elegance, algorithmic complexity, and cross-cultural appeal. This literature review, as a body of knowledge, integrates various streams of knowledge related to computational theories, game design psychology, software engineering, and software architecture, as it explains theoretical constructs related to developing this artefact and various gaps in knowledge that this project aims to resolve.

[bookmark: _Toc216357219]2.2. The Evolution of Tetris and Puzzle Games
“Tetris” was designed by Alexey Pajitnov in 1984. This game has been referred to as a classic example of a game design case study in literature, owing to its characteristic blend of simplicity and complexity in design [3]. The gameplay of “Tetris” consisting of lining up falling geometrical shapes called tetrominoes to form completed lines has, in essence, defined a genre of “tile-matching” puzzle video games even to date. Scholars point out that “Tetris” has been able to prove how a set of simplistic rules can lead to emergent complexity [5]. “Tetris” has been in existence for four decades now and has been used for entertainment as well as for research.
Puzzle games based on Tetris have been developed by overhauling speed escalation, algorithms for piece placement, graphical design, and scoring. Such variations in design have allowed puzzle game developers to experience different patterns of difficulty and different paradigms of user experience. Investigations also suggest that it is this flexibility that has allowed Tetris to be used on various platforms and in various cultures, as reported in [7]. This increase in processing power has aided in developing different features for puzzle games like ghost blocks, previews, holding, and multiplayer, all while maintaining their mechanical essence.
Academic studies also consider the cognitive effects of playing Tetris. Studies in psychology reveal that playing this game results in improved spatial reasoning and mental rotations [4]. Other studies suggest that playing Tetris induces deep concentration like those described in Csikszentmihalyi’s flow experience, making it an effective lab environment for analysis concerning engagement and cognitive load effects upon players [8]. 
[bookmark: _Toc216357220]2.3. Academic Research on Game Design Theory
Analysis of game design offers a theoretical perspective that provides a means of understanding how mechanics relate to experience. Schell’s “lenses” model provides a means of encouraging designers to consider a puzzle game from various points of view, from human motivations to a presentation of a system that is clear and understandable for players, and other points in between [2]. In puzzle games, mechanics form a basis of design, where a player has a determined set of rules, with a continuous flow of tasks from the game itself. The Mechanics-Dynamics-Aesthetics model remains an important theoretical model in studying games, as it provides a systematic means of examining how a set of rules affects actions of players emotionally and rationally.
In Tetris, mechanics involve rotating logic, simulation of gravity, line clearing, collision detection, and gradual speedup. These contribute to various gameplay dynamics like time pressure, pattern recognition, and reward vs. risk decision-making. The aesthetic experience arises from feelings of tension, mastery, and flow, all of which are characteristic of puzzle game play as cited in [4]. Transparency in mechanics involves understanding that in Tetris, it is easy to learn but takes a long time to develop.
Flow Theory has a great application with puzzle games. According to Csikszentmihalyi, a player reaches a flow state when challenge and skill are perfectly matched [4]. A classic example of a game that provides flow states with a steadily increasing speed curve and increasing difficulty is a game of Tetris. To provide similar benefits in a modern application, proper timing of responses, visual feedback, and difficulty scaling are important.
The role of meaningful play, which occurs when actions and outcomes in a game are consistent and intuitive, has been highlighted by Salen and Zimmerman as a key factor in game design. This applies especially in puzzle games, were small amounts of inconsistency, like delayed input processing, can lead to a breakdown in meaningful play.

[bookmark: _Toc216357221]2.4 Existing Implementations of Tetris-like Games
There are many open-source projects for Tetris available on platforms such as GitHub. These projects are used as a learning aid but are not architecturally robust. The lack of robustness in their design has been found in studies of such implementations in academia, including procedural codebases that are not very modular, lack encapsulation, and are coupled systems, among other issues, as pointed out in [3], [12].
Further observations reveal that lack of consistency in project documentation has been a significant drawback in amateur projects related to Tetris puzzles [12]. Without proper explanations for concepts such as rotational systems, game loops, frame timing, and input processing, such projects lack significant value as educational endeavors. Further, there has been a lack of comprehensive project testing.

Some of the Tetris tasks are meant for specialized research, for example, AI players that make assessments through heuristic calculations derived from the height of the board, line optimization, and hole formation strategies [14]. While these projects are technically complex, their aim remains solely on strategies for optimization with no emphasis on either user-friendliness or software simplicity. Therefore, despite many different implementations of Tetris, a wide range of a development lifecycle aligned with academia has yet to emerge.

[bookmark: _Toc216357222]2.5 Python Game Frameworks 
There are various Python libraries available for developing a game, and of these, Pygame remains the most popular due to its intuitive design and support from a wide community of developers [11]. Pygame works as a layer for the Simple DirectMedia Layer, which provides efficient management of various tasks such as keyboard actions, sounds, sprites, and updates to frames. According to a manual by Python Software Foundation, this library has been found especially useful for developing 2D grid-based games that involve certain deterministic actions and continuous refreshes of displays [10], [11]. 
Comparison studies show that alternative engines like Panda3D, Arcade, or Godot offer more sophisticated graphical functionality, though with higher complexity involved in their use as well [17]. With a puzzle project that is not particularly involved in animation or 3D processing, Pygame integrates optimal flexibility and manageability. Researchers also point out that Pygame has a predictable event-driven approach that lets users set up complex input processing, yet with control over timing, which is a necessity in a real-time puzzle game. Further, Python’s easy-to-read syntax also promotes rapid prototyping. 
Furthermore, as described in literature, a key concern in academia when using a framework for development work has been that it should avoid unnecessary abstraction when it comes to understanding how things work in the background [12]. This area seems to be met effectively by Pygame.

[bookmark: _Toc216357223]2.6 Analysis of Open-Source Tetris Projects
A look into open-source Tetris projects provides insights on common architecture designs and design issues, as well as areas of improvement. A common approach in many community-based projects translates tetrominos into mere arrays or matrices, using procedural programming for rotation and collision detection calculations. While this technique of programming works, it has been claimed to lack scalability and make little use of object-oriented programming approaches that improve code maintainability [12, 13]. Well-structured code of a well-designed project would make use of classes for shape, grid, scoring, as well as input management.

However, even in relatively mature open-source projects, issues with inconsistencies of rotation systems are common. Two approaches to rotation that are prevalent in Tetris development are the original Classic Rotation System (CRS) and a more complex Super Rotation System (SRS), which has been incorporated in modern releases of Tetris. According to literature, SRS enhances playability for players by enabling a flexible rotation margin and effective wall kicks [3]. Despite those advantages, SRS is often left out in amateur projects due to its complexity, which compromises a clean user experience.
Furthermore, even among open-source Tetris implementations, very few of these projects make use of performance profiling. On this topic, research argues that erratic frame timing or event processing delays are sources of unfair gameplay, most especially in speed-based puzzle titles like Tetris [17]. Homebrew projects usually experience erratic Loops due to being contained in one giant loop for processing. Academic literature recommends that all these concepts be broken down into distinct components, which in turn can be optimized separately for debugging purposes [13].
Another area of variety in open-source implementations of the user interface. A minimalist approach to art assets has been adopted in many of these projects, which align with how abstract a game of Tetris is, but in these projects, principles of HCI, such as contrast, spatial hierarchy, and grouping, are ignored [15]. While a game like Tetris does not involve pictures much, literature shows that it is a matter of utmost importance to maintain a clear and readable design to avoid cognitive overload in playing a game, as reported in [9].

[bookmark: _Toc216357224]2.7 Human-Computer Interaction in 2D
Principles of HCI are also important for effective 2D puzzle game design. Unlike other types of games like story-based adventures, puzzle games like Tetris involve high-level decision-making. Thus, even a small flaw in HCI will affect gameplay flow. Wilson et al. highlight that a lack of perceptual clarity, which can be avoided by using a consistent grid distance, reverse-color schemes, and predictable animation, would result in a fall-off of engagement levels [15]. This point becomes an important area of consideration when it comes to grid-based puzzle games where all tiles should be distinct in different speed scenarios.
One of the issues that puzzle game developers face in a 2D puzzle game like Tetris is input latency. Delays of 50 milliseconds are shown to affect players’ notions of fairness in input processing, as noted in [16]. In a game like Tetris, players need proper feedback of their actions in order to experience a successful flow.
Sound design plays a part in influencing user experience. Although a minimal use of narrative audio is seen in Tetris, audio hints in line clearing, placing, and leveling enhance immersion and help users predict system behavior [5]. Researchers highlight that audio feedback must be synchronized with gameplay events to provide intuitive interactions, as cited in literature.

Another area of HCI which has application in puzzle games is cognitive load management. Since in a game like Tetris, continuous recognition and foresight are a part of playing, any element of distraction in the interface needs to be eliminated. Researchers point out that providing additional information, like previews of upcoming components, reduces cognitive overload, using the argument that it promotes thinking without overloading the player with information [9]. But a plethora of visual cues can lead to divided attention.

[bookmark: _Toc216357225]2.8 Software Development Methodologies in Game Development
Creation of interactive software like Tetris requires methodologies that support iteration, flexibility, and constant evaluation. Waterfall models of development that consist of rigid, sequential phases are considered inadequate in developing games, as they limit opportunities for early playtesting of software products [12]. Contrarily, literature sources support agile methodologies.
Agile techniques, like Scrum and Kanban, help developers improve game mechanics when user testing shows surprising game behavior. This is particularly true of puzzle games, which are very sensitive to small changes in speed and collision rules. According to McShaffry and Graham, it has been seen that unless developers are using agile techniques, their game development methodologies will be incomplete [12].
Another approach that has particular significance in methodology is that of the prototyping paradigm. Researchers point out that early and regular prototyping provides freedom to experiment with different mechanics, test for usability, and confirm gameplay concepts before sinking effort into developing a feature [1]. Rapid prototyping in the context of Tetris ensures that all piece movement, rotations, and collision checks are consistent in all different situations.
Literature in software engineering describes design patterns as important in game development. Use of design patterns like state, strategy, and observer patterns helps in developing a more modularized and maintainable system [13]. In a Tetris game, use of a state design strategy in controlling modes like game, game over, and menu, as well as models of tetromino rotation that are of a strategy nature, ensures that this enhances understandability.
Test methodologies are also influencing development quality. Academic advice suggests that manual playtesting needs to be supplemented with functional testing, particularly in cases that involve the edge of a grid, for example, line clearing in multi-row or rotated situations [12]. Less common in 2D game development are automated testing platforms, but their use has started in simulation input event tracing or collision behavior validation.



[bookmark: _Toc216357226]2.9 Additional Gaps Identified in the Literature
Even though a lot of knowledge has been gathered concerning Tetris rules, game design, and software development approaches, certain important gaps in knowledge still exist. Firstly, it should be noted that there are very limited studies that conduct a comprehensive analysis of puzzle game development on a small scale, especially in Python using Pygame. Academic literature mostly discusses large-scale commercial engines in terms of design.
Secondly, even though open-source projects for Tetris are of use as concrete examples, it should be noted that there are remarkably few that present thorough analysis, test results, or evaluation from the perspective of human computer interaction. The lack of these elements means that these projects are not research standard.
Thirdly, in relation to puzzle games that are Python-based, there seems to be a shortage of literature related to performance issues. Although it seems that Python runs a bit slower compared to other compiled programming languages, there appears to be a lack of agreement on strategies that optimize performance when it comes to 2D, real-time interactive applications from a development perspective.
Finally, it should be noted that, in essence, any analysis of Tetris in academic circles rarely, if ever, touches upon how a contemporary version of this game should incorporate a variety of subsystems, such as scoring, preview support, level management, and rendering. This also indicates that there has been a certain lack of structured examples in this area, pointing to a need for proper educational models. 


[bookmark: _Toc216357227]Chapter 3 – Methodology
[bookmark: _Toc216357228]3.1 Introduction
A structured methodology is a necessity to ensure that the development of this Tetris clone game takes place in a manner that meets software development best practices. This project adopts a methodology that combines best practices from Agile software development methodologies, prototype development, and other established software development lifecycle methodologies. This methodology ensures that every aspect of design, development, testing, and evaluation of this project takes place in a manner that meets Level 6 expectations for independent projects within scholarships and mitigates concerns highlighted in relation to this project in the literature review.

[bookmark: _Toc216357229]3.2 Rationale for Choosing the Development Methodology
The fallibility of traditional models like waterfall SDLC has been pointed out in literature, especially when it comes to projects that involve interactive systems, where experiential quality arises from experiments and iterations [12]. The reason that game development as a discipline is different from software development, in this regard, has to do with trial-and-error improvement of gameplay systems. This has been suggested by McShaffry and Graham, who assert that puzzle game development as a form of dynamic game tuning requires methodologies that are supportive of rapid iterations [12].
Therefore, this project also uses a hybrid methodology that combines Iterative and Agile approaches. Agile methodologies, especially Scrum-inspired ones, are flexible enough to implement changes in gameplay mechanics, optimize collision physics, and improve input responsiveness when insights are gathered. Further, Iterative Development helps develop this system incrementally. Every iteration results in a functional prototype, which can then be tested for mechanical, performance, and usability issues. This method aligns with theoretical suggestions from academia, which consider prototyping a fundamental aspect of game design research [1].

[bookmark: _Toc216357230]3.3 Software Development Life Cycle
The adopted SDLC model has the following major phases:
Requirements Analysis:
The project begins by translating expectations in playing a game, constraints of game mechanics, and usability issues into functional and non-functional requirements. These requirements are informed by knowledge of previous Tetris implementations, studies in cognitive psychology, and other literature sources in HCI [3], [9], [15].

Design
This stage involves the conceptual design of system architecture, gameplay, layout, and data structure in terms of grid matrices and shape definitions. Using established object-oriented design methodologies, modularity of design is ensured for ease of maintainability and potential extension in the future. Design patterns known from literature, like state and strategy patterns, help in designing gameplay modes and rotation patterns [13].
Implementation:
This stage entails developing executable Python code in accordance with design specifications using the Pygame library. This class-based design structure ensures that major subsystems such as shape processing, collision detection, scoring, drawing, as well as interface design, are encapsulated. This meets best practices as outlined in literature on game engineering approaches [12].
Testing:
The testing and evaluation are continuous and cyclical, using a model that combines play testing with functional test cases. The play testing is useful for estimating problems related to timing, responsiveness, and visual clarity, which are difficult to ascertain using other approaches. This corresponds with recommendations for how HCI-driven projects would benefit from a user-centered evaluation model that focuses on interaction-intensive projects [15].
Evaluation:
After this implementation, a wide range of evaluation activities take place, including testing for feature validity, performance, as well as user experience. This evaluation methodology takes into consideration a set of factors that are part of a Game Flow model described in [9].

[bookmark: _Toc216357231]3.4 Tools and Technologies
The key tools and technology that were employed for this project are:
Python 3.x
Chosen for its easy syntax, comprehensive documentation, and rapid prototype development capabilities. The literature emphasizes Python’s superior performance in development tools used for education and research purposes [10].
Pygame
Selected for reasons of stable event-driven model, determined frame update mechanism, and efficient abstraction over SDL, which make it appropriate for 2D puzzle games in a real-time environment [11]. The simplicity of Pygame makes it easy to control precisely gameplay cycles, input processing, and visualizations, corresponding to recommendations of literature in game development concerning a proper abstraction level [12].

Git version control: 
Used for tracking code changes, iterations, and development progress. A version control system adds rigor and reproducibility to methodologies, which plays a vital role in software development projects for academics. Development Environment: A contemporary Python IDE is used for ease of debugging and code organization. The IDE features support for code linting, syntax validation, and immediate bug fixes. 

[bookmark: _Toc216357232]3.5 Ethical Considerations
Although this project does not consist of human subjects and/or protected data, there are several ethical issues that are pertinent. Firstly, this project follows all rules of academic integrity by providing all proper citations for all sources, all libraries, and all frameworks used. Secondly, this project does not use copyrighted information but either creates all its own content or uses sources that are available under an open license. Lastly, issues of accessibility, such as using high-contrast imagery and providing consistent controls, address ethical concerns for providing accessible interfaces. This has been noted in various studies in HCI literature, where a lack of consideration for accessibility can lead to inadvertently alienating certain users [15]. 

[bookmark: _Toc216357233]3.6 Sustainability Factors 
Sustainability in software engineering, in this case, involves environmental, technical, as well as socioeconomics. From a point of technical sustainability, using Python and Pygame ensures sustainability in terms of their established, well-documented, and updated ecosystems. Furthermore, establishing a modulated design for the system ensures that it will be sustainable since developers in the future would be able to develop without requiring too much reworking. Lastly, from environmental sustainability, the game design would consume low computational resources, consistent with studies that value energy-efficient software designs [17]. 


[bookmark: _Toc216357234]Chapter 4 – System Analysis
[bookmark: _Toc216357235]4.1Introduction
System analysis offers a structural and conceptual basis for software artefact development. On a Tetris game application, for example, this analysis ensures a comprehensive understanding of mechanical systems, user needs, environmental specifics, and software architecture. Academic literature has focused on the important role of a precise analysis step, which translates to improved maintainability, fewer development bugs, and functional needs perfectly aligned with implementation realities [12], [13]. These considerations for a precise, responsive, user-friendly, and efficient puzzle application are fundamental, offering this chapter a comprehensive analysis of functional, non-functional, and software needs with a conceptual representation using UML, risks, and strategies that were used in developing this software artefact.

[bookmark: _Toc216357236]4.2 Functional Requirements
These functional specifications are specifications of the exact behaviors of the system. In a Tetris game, these specifications are derived from literature that describes tile matching, manipulation, and interaction systems in literature of gamming studies [3], [7], [15]. The key functional specifications are,
Shape Generation:
The system needs to be able to randomly generate tetrominoes, picking from the original set of seven Tetris figures. This needs to be done in a random manner with no bias.
Shape Movement and Rotation:
Players must be able to control falling tetrominoes using keyboard input for left and right movement, turning, and accelerated falling. Movement needs to take place in discrete units that are consistent with the grid system.
Collision Detection:
Collision detection between tetrominoes and boundaries as well as between tetrominoes and already placed blocks in a puzzle game has to be precise. In literature, it has been established that precise collision detection is important in maintaining fairness in a puzzle game [5].
Gravity Simulation:
The tetrominoes fall automatically in fixed intervals of time. With every successive level, it becomes increasingly tougher by reducing the fixed intervals of falling.


Line Clearing and Scoring:
If a line is completely filled, it needs to be removed from the grid, and all blocks above the removed line need to move down. Scoring needs to provide points for clearing all lines, with additional points for clearing multiple lines in a single move.
Level Progression:
The system should keep track of the cumulative number of lines that are cleared, and the difficulty will also increase accordingly. Academic literature recommends that as a means of fostering long-term engagement, a gradual increase in difficulty, which cumulatively contributes towards a flow experience,
Game Over Condition:
The system needs to be able to recognize when no further pieces can be placed in the spawning area, thereby triggering a game over.
User Interface Management:
There must be a features menu, a play scene, a preview, a scoring panel, and a game over screen.
Audio Feedback:
There needs to be audio event notifications for rotations, line clearing, and game over, which promotes user feedback, as has been suggested in various HCI literature sources.

[bookmark: _Toc216357237]4.3 Non-Functional Requirements
Non-functional requirements relate to a system’s quality characteristics, which are used for addressing issues of performance, usability, etc.
Performance:
The game should be run with consistent frame timing and low input latency. Inconsistencies of over 50 milliseconds can affect user experience in a puzzle game at a high pace, as studies suggest [16].
Usability
The design needs to provide an intuitive and clutter-free interface. This has been found essential in retaining focus in puzzle-related gameplay activities, as suggested by point 9.
Reliability
The game needs to be stable in different runs. There should not be any bias in either randomization processes or in collision detection.

Portability
The system needs to run on different operating systems supported by Python and Pygame, including Windows, macOS, and Linux.
Maintainability
The system needs to incorporate a principle of modularity in design, which would facilitate expansion in the future (for example, adding functionality like holding, expanded scoring rules, and game modes). In object-oriented programming, this would increase maintainability and understandability of software as described in literature related to software engineering [13].
Accessibility:
The color palette needs to provide sufficient contrast, and it should be easy to control. The fundamental rules of accessibility should be followed in puzzle games, no matter how simple they are [15].
Resource Efficiency:
Being a 2D game, it must be memory-efficient with respect to CPU and RAM, which aligns with sustainability issues as highlighted in current software engineering literature [17].

[bookmark: _Toc216357238]4.4 System Requirements
Hardware Requirements
· Processor: Any modern multi-core processor (> 1 GHz)
· Memory: ≥4 GB RAM
· Storage: ≥ 200 MB free space
· Graphics: Basic integrated GPU with support for SDL rendering
· According to literature, a game like Tetris, which is a light game, has low hardware requirements and is ideal for public accessibility [11].
Software Requirements
· Python 3.x (most recent stable version)
· Pygame 2
· Operating System: Windows, Linux, macOS
· These requirements will ensure compatibility with standard development environments, as suggested by the Python Software Foundation in platform recommendations [10].

[bookmark: _Toc216357239]4.5 UML Diagrams
UML modeling provides support for conceptual comprehension of a system structure, as suggested in literature related to software design in academia [12]. The above-mentioned figures in this section provide a high-level abstraction for implementation.
Use Case Diagram
Key use cases are:
· Start Game
· Control Tetromino
· View Score and Level
· Trigger Line Clear
· End Game
· Return to Menu
Actor interactions are also uncomplicated, as seen in traditional, sole-user gameplay. There is a focus on real-time interaction.
Class Diagram
The class structure comprises:
· GameManager (managing game states)
· “Tetromino”
· ShapeVariants, also known as I, O, T, S, Z, J
· Grid (controls game board status and collision detection)
· UIManager (renders interface components)
· SoundManager (Audio Feedback Control)
This follows object-oriented best practices, which aim to minimize dependencies between modules by encapsulating as many tasks as possible in individual classes.
Sequence Diagram
A standard game-playing step involves:
1. User input → Movement/Rotation Request
2. Game Engine → Collision Check
3. Game Engine → Update Position
4. Grid System → Evaluate Line Clears
5. UI → Update Score/Level
6. Renderer → Frame Output
This sequential pattern corresponds to the architecture of real-time systems as described in literature on game engineering [12].

[bookmark: _Toc216357240]4.6 Risk Analysis
Risk analysis involves identifying issues that can slow development and affect system quality.
Identified Risks and Impact
Unpredictable input latency
Unpredictable Input Latency
· Probability: Medium
· Impact: High — affects fairness and usability
· Mitigation: Optimize game loop; prioritize event handling; use Pygame clock synchronization [11].
Performance Degradation at High Speeds
· Probability: Medium
· Impact: Medium — may compromise advanced levels
· Mitigation: Limit resource-heavy operations; optimize collision checks [17].
Codebase Complexity Growth
· Probability: High
· Impact: Medium — reduces maintainability
· Mitigation: Strict modular architecture; documentation; version control management [13].
Unanticipated Bugs in Edge Cases
Such as rotations near walls or interactions between stacked blocks.
· Probability: High
· Impact: High
· Mitigation: Extensive playtesting; structured test cases; iterative refinement [12].
Cross-Platform Inconsistencies
· Probability: Low
· Impact: Medium
· Mitigation: Testing across OS environments; adhering to cross-compatible features of Pygame and SDL.


[bookmark: _Toc216357241]Chapter 5 – Design, Implementation and Testing
[bookmark: _Toc216357242]5.1Introduction
Design, development, and testing phase is the most important part of the development life cycle of this Tetris clone. This chapter discusses the design principles, systems, interface, and coding approaches that form the basis for the functionality of this artefact. In line with software engineering, design principles are aimed at developing a design for modularity, ease of understanding, extensibility, as well as providing responsiveness, which are a crucial part of puzzle-solving in any game functionality [12, 13]. This chapter also explains how theoretical knowledge from other literature, in terms of design theories of game development, human-computer interaction, and other Agile Development techniques, has shaped this development of this artefact. Following this, approaches for testing are also explained.

[bookmark: _Toc216357243]5.2 User Interface and Visual Design
Puzzle games are very dependent on visual clarity, harmony, and legibility. A game like Tetris needs a clean and simple interface that facilitates instant decisions related to patterns without any distraction [9, 15]. This has ensured that the UI design of the artefact has been done in a structured way with a grid-based layout comprising four key elements:
· Game board, where all active play takes place.
· The side panel, showing score, current level, and total lines cleared.
· A next-piece preview, which helps in anticipating the upcoming actions.
· A menu interface with options like Start Game, Quit Game, and Game Over.
Everything that has a visual component uses high-contrast colors. High-quality GUI design, as stated in HCI literature, promotes sustained attention with high contrast ratios and aligned positions of visual elements, which are important for high-speed decision-making tasks [15]. The grid in our application has all cells of the same size to provide identical movement steps for tetrominos, aligning with traditional rules in classic Tetris. Fonts used in our application are chosen for screen resolution, as stated in game GUI literature.
The menu screen interface employs a simplified model of linear navigation. There were initial designs that explored multiple sublayers in certain menus, but results from playtesting iterations showed that it brought unwanted complexity. Following an agile design methodology, it was further honed to a direct approach as expected by users, as suggested in ergonomics of user cognition in design principles [1, 12].



[bookmark: _Toc216357244]5.3 System Architecture Design
The design follows object-oriented methodology that maximizes encapsulation, modularity, and easy extension. Based on literature that advocates for a separation of game state management, rendering, and input processing, components are broken down as follows:
· GameManager - Handles various game states, transition, pause, and restart functionality.
· Grid - This keeps all the block coordinates in a grid of size m x n.
· Tetromino - a base class with definitions for rotations, shape definitions, and transformations.
· Shape Subclasses - seven derived classes. These are I, O, T, S, Z, J, and L with defined orientations.
· UIManager - Handles rendering of scores, text, and panel layout.
· SoundManager - This takes care of playing background music as well as sound effects
This design follows best practices outlined in writings by McShaffry and Graham, which suggest that spreading duties mitigate cognitive overload in debugging and improve long-term maintainability, as stated in [12]. This modularity also provides for easy extension modifications, like support for new game types, skins, and scoring, without disrupting the fundamental gameplay.
The GameManager component provides a centralized orchestrator, retaining control of the game loop. This aligns with event-driven design for systems, as it acquires input events, performs timing calculations, propagates updates to game entities, and initiates rendering tasks [11]. A strict order of tasks ensures a deterministic process, which is a critical aspect of puzzle game mechanics, as a random order of updates would disrupt game fairness and flow [4, 15].
A key part of correct gameplay implementation involves the Grid component. This component uses a grid representation with a 20 x 10 cell matrix, which provides constant-time access. According to literature, grid-based representation in spatial puzzle games with predictable paths and low computational costs is common practice in many other puzzle game implementations as well [3, 7]. The grid updates every frame.
The Tetromino class encapsulates geometric characteristics for tetromino, as well as rules that govern possible states of tetromino rotation as well as wall kicks. Also, it has been noted that observations from open-source projects indicate that there are cases of irregularities in tetromino rotation, especially in rules that are often responsible for irregular behaviors of tetrominos as noted in literature [12]. To eliminate such irregularities, a hybrid form of tetromino rotation, inspired by the Super Rotation System (SRS) where applicable, has been employed.

[bookmark: _Toc216357245]5.4 Gameplay Mechanics
Mechanics of game play are the heart of a system, as they provide challenge, interest, and flow. Some of the game play mechanics that are implemented in this project are movement, rotation, collision detection, gravity, scoring, as well as line removal.
Movement and Rotation
User input events are processed using Pygame’s event processing mechanism, which translates those inputs into grid movements. These grid movements are either left, right, where the movement amount is measured in terms of a column, and rotation, which cycles between certain defined states. The collision rules are also ensured in this mechanism. This mechanism follows design literature that focuses on mechanics-driven design, which concentrates on certain behaviors and ensures fairness in those behaviors defined in [5].
Collision Detection
Collision logic uses matrix sampling to check upcoming positions of tetromino cell positions. If any cell resides in an illegal position, the action cancels. Being rigid with collision rules guarantees compatibility, which has been cited as a vital necessity in puzzle games research [8].
Gravity and Drop Speed
The tetrominoes fall automatically with a time interval that depends upon the present level. This interval begins with a relatively slow pace, which reduces systematically as players advance, as seen in traditional Tetris, reproducing difficulty progression linked to flow experience characteristics, as mentioned in [4]. The calculations for timing are carried out using the clock functionality of Pygame.
Line Clearing
A complete row removed means that all rows above it move down. This functionality has been implemented using list comprehension and matrix filtering. There are also additional rewards for scoring when multiple lines are removed in a single move, which align with traditional Tetris gameplay [3].
Scoring And Level System
The points earned are calculated using a scoring formula, where rewards increase with single, double, triple, and quadruple ("Tetris") clears. Level increase is determined by a certain number of clears, influencing gravity speed. Progress in scoring, as suggested in literature, promotes feelings of mastery and satisfaction, which enhance player motivations [9].



[bookmark: _Toc216357246]5.5 Implementation Details
The implementation stage brings the needs of the system architecture into reality with functional code using Python. The structure of Pygame offers tools for event management, for example, drawing, as well as audio processing and timing functionalities that facilitate play in real-time [11]. The design and implementation were done in an iterative development lifecycle where subsystems were implemented singly.
Code Structure Overview
The source code has been divided into separate files, which are:
· main.py – initialize the game, manages top-level control flow.
· game_manager.py – implements state management and main loop logic.
· grid.py – creates and maintains the board matrix.
· tetromino.py – defines base shape behavior and rotations.
· shapes.py – stores shape definitions and orientations.
· ui.py – handles score boxes, text rendering, and layout.
· sound.py – loads and triggers event-based audio clips.
This file organization supports the maintainability and readability expected in academic software projects [13].
Important Algorithms
Several algorithms play a central role in gameplay correctness:
· Rotation Algorithm:
Implements a cyclic transformation of matrix coordinates for tetromino rotation. The transformation follows rotation matrices applied to grid coordinates, with offset adjustments for wall kicks.
· Collision Algorithm:
For each tetromino block, potential movement is validated using boundary checks and occupancy tests on the grid matrix.
· Line Clearing Algorithm:
It Iterates through each row, removing rows that meet the "full" condition and concatenating empty rows above. This linear-time algorithm ensures efficient performance even under high-speed conditions.
· Rendering Logic
Pygame's blotting functions draw each frame. The renderer draws the grid, active tetromino, locked blocks, UI panels, and text overlays. The rendering pipeline uses double buffering to eliminate flicker, consistent with SDL documentation [11].

5.6 Testing
Rewritten text:
Testing represents a critical step in software development, and this step guaranties that it works correctly, as per expectations in the game, as well as providing a seamless experience for users. The testing of a game differs from other software programs in that it has a great focus on experiential features like timing, responsiveness, and visual correctness [12]. The testing methodology used in this project covers functional testing and playtesting, as per recommendations for assessing interactive systems in literature [15].
Test Strategy
The overall test plan entails a set of three major tenets:
1. Functional Verification:
Validating that every subsystem satisfies requirements for our system. Rotation, collision detection, scoring, line clearing, and transition functionality are tested.
2. Integration Testing:
After working with individual components, integration tests are used to look at how different components work together in the overall game loop. This means that, for example, movement and gravity will be integrated with rendering.
3. Play
There has been manual playtesting performed at certain intervals, as per the international development methodologies available in literature [12]. Playtesting aids in assessing responsiveness, users’ timing perception, visual ergonomics, and game flow. 
With this approach, the project will realize the mechanical exactness described in puzzle game studies that ensures a deterministic outcome and eliminates inconsistencies that would otherwise affect immersion in gameplay [4], [9].
Test Cases
The following test cases were designed to address high-priority scenarios identified during analysis:
Test Case 1: Horizontal Movement Validation
· Purpose: Verify that tetrominoes move one grid cell left or right per key press.
· Input: LEFT or RIGHT arrow key.
· Expected Output: Tetromino shifts exactly one column if not obstructed.
· Result: Pass.
Horizontal movement aligns with grid rules defined in the mechanical literature [5].

Test Case 2: Rotation Adjacent to Walls
· Purpose: Ensure rotations near boundaries are handled correctly.
· Input: Press UP arrow while tetromino is adjacent to the left wall.
· Expected Output: Valid rotation using a wall-kick offset or rotation cancellation if no valid space exists.
· Result: Pass after refinement.
Early iterations produced overlap issues; refinements introduced a simplified SRS-style offset check [3].
Test Case 3: Collision with Existing Blocks
· Purpose: Confirm that tetrominoes cannot overlap locked blocks.
· Input: Move the piece horizontally into a stacked block.
· Expected Output: Movement is cancelled.
· Result: Pass.
Accurate collision detection is essential for maintaining puzzle integrity [7].
Test Case 4: Single Line Clear
· Purpose: Validate removal of a single filled line.
· Input: Fill one horizontal row.
· Expected Output: Row is removed; rows above shift downward; score increases.
· Result: Pass.
Test Case 5: Multi-Line Clear (Double, Triple, Tetris)
· Purpose: Ensure simultaneous line clears are processed correctly.
· Input: Fill multiple rows and trigger clear.
· Expected Output: All filled rows removed in one update cycle with appropriate scoring.
· Result: Pass.
Scoring behavior reflects standard Tetris conventions [3].
Test Case 6: Game Over Trigger
· Purpose: Confirm game ends when new piece cannot spawn.
· Input: Fill upper grid area.
· Expected Output: Game transitions to Game Over state and displays the interface.
· Result: Pass.
Test Case 7: Pause/Resume Functionality
· Purpose: Verify game can pause mid-sequence.
· Input: Press designated pause key.
· Expected Output: Game freezes all movement until resumed.
· Result: Pass.
Test Case 8: Input Latency Under Load
· Purpose: Ensure responsiveness during high-speed gameplay.
· Input: Perform rapid key presses at level 10+.
· Expected Output: Input processes within 30–50 ms.
· Result: Pass.
Performance benchmarks align with HCI recommendations [16].
Manual Gameplay Testing
Manual testing has been done in all stages of development, as seen in game development. Every playtesting has aimed at testing one or many of the following:
· Responsiveness: This involves consistent interpretation of inputs over frame cycles.
· Visual Clarity: Ensuring that colours are identifiable in a fast-paced game.
· Pace of difficulty: Determination of whether the progression of difficulty provides sufficient challenge for the player.
· Feedback Timing: The timing of sound effects and animation in relation to mechanical actions [15].
The test also pointed out several areas that needed improvement. There was minor stutter in early prototypes in line clearing due to redundant rendering calls. Profile analysis showed that it was inefficient to redraw all grid cells in every frame.
Bug Fix Log
A variety of development problems were discovered and corrected:
· Rotation Edge Case Bug: 
This bug occurred when certain shapes were being rotated in a tight space. 
Solution: Implemented offsets inspired by SRS rotations as in [3].
· Score Panel Overlap: 
There were overlapping UI components when the window resolution was changed. 
Fix: Used anchored UI components with relative layout values.
· Phantom Collision:
Tetromino would sometimes spot a collision ahead of time.  
Fix: Recoded collision algorithm, separating checks for boundaries and overlaps.

· Delayed Input: 
Some systems recorded input twice because of key repeat actions. 
Solution: Implemented a key debounce timer and event type filtering [11]. 
· Duplicate Row Clearing: 
An uncommon bug were clearing four rows would activate only three. 
Solution: Re-indexed row scanning algorithm for proper processing of consecutive removals. 
These enhancements are indicative of the continuous improvement effort that is advocated in “agile” approaches and game development literature, as mentioned in [12].

[bookmark: _Toc216357247]5.7 Summary 
This chapter describes in detail how design, development, and evaluation processes are implemented concerning the design of this Tetris clone. Design involves a comprehensive architectural design with object-oriented concepts, using classes that are functional in controlling game, graphics, user interfaces, audio, and collision in a module class as described in various research articles, promoting efficiency, scalability, and professional-level design as described in literature article [13].
The gameplay mechanics, such as movement, rotation, gravity, collision, and scoring, were incorporated with a deep sense of classical Tetris gameplay patterns and flow theories to make sure that the final product represents knowledge expectations as well as genre conventions [4], [5]. The implementation strategy with iterations supported continuous improvement with assistance from playtesting cycles that followed Agile development methodologies [12].
Test methods prove that all functional as well as non-functional specifications are met by this system, with a special focus on responsiveness, timing correctness, and understandability, which are key to puzzle game integrity [15], [16]. 



[bookmark: _Toc216357248]Chapter 6 - Evaluation
[bookmark: _Toc216357249]6.1 Introduction
Evaluation is an essential step in ascertaining that the designed artefact has met all functional, non-functional, and experiential requirements. In the context of a game inspired by Tetris, it would be important to consider not just functionality, but also factors of usability, playability, responsiveness, and user satisfaction. This has been a key point that has been echoed in literature related to game studies and human-computer interaction, that a functional game would still be flawed if it lacks certain experiential features of engagement, fairness, and flow [4], [9], [15]. This chapter discusses a comprehensive evaluation of a game in terms of its design, performance, user experience, and limitations in a manner that aligns with established literature.

[bookmark: _Toc216357250]6.2 Feature Evaluation
The features of the game were then compared with the functional requirements outlined in Chapter 4. The different features of a standard game of Tetris were measured for accuracy, consistency, and conformance to expectations.
Shape Generation and Behaviour
Tetromino random generation results showed robust performance in prolonged testing. There were no signs of distribution anomalies, such as a particular shape being too common or rare, which ensures that random rules facilitate fair-play scoring. An analysis from academia suggests random simulation has to maintain fairness to avoid player frustration with a game [3]. There were no issues with rotations, taking into consideration rules for wall-kick corrections in tight spaces.
Collision and Gravity Systems
The collision detection functionality was tested using a structured set of test cases. The results proved that it enforces proper mechanical constraints, forbidding illegal moves as well as overlapping. The gravity intervals are systematically reducing with every level increase, providing a good and predictable difficulty progression as in classic designs for Tetris [5].
Line Clearing and Scoring
The line clearing mechanism proved to be reliable and efficient computationally. There were no stutters in the removal of lines, which plays a critical role in maintaining immersion in fast-action puzzle games [17]. Points were awarded as a traditional reward, including bonus points for clearing multiple lines together.


Level Progression
Level upgrading came about when the prescribed number of line clearance was reached, with increasing gravity for every level that followed. Feedback from users showed that challenge difficulty increased in a proper rate, allowing players to reach a constant condition of difficulty suitable for psychological flow theories [4].
In sum, all key features are functioning as expected, which closely align with functional expectations as described in literature.

[bookmark: _Toc216357251]6.3 Comparison with Similar Games
To effectively measure how well the developed system functions in relation to other systems of a similar nature, that are either open-source software available for free on the internet, or commercial software costing
Open-source Comparisons
There are many open-source clones of Tetris that have design flaws like lack of modularity, erratic rotation characteristics, and inadequate documentation available in the public domain [12]. Compared to many such open-source projects, this artefact has a greatly improved structural design, which follows object-oriented design concepts and professional development practices in an academic setting [13]. Unlike many amateur projects, this artefact has a proper scoring mechanism, timing functionality, and collision detection, which make it professional from a gameplay perspective.
Product Competition
Such commercial variants of Tetris (Tetris DS, Tetris Effect) incorporate better audiovisuals, superior rotation algorithms, and a high degree of polish. Although this project does not seek to recreate commercial-grade production values, it seeks to implement many of the gameplay characteristics that make up this genre of Tetris, including difficulty scaling, control, and overall responsiveness. Such commercial titles are often found using the Super Rotation System (SRS), which also covers a wide range of rules for wall-kicking. This project seeks to present a conceptual understanding of SRS, without being too complicated for an academic project.

[bookmark: _Toc216357252]6.4 Performance Evaluation
The performance analysis focused on frame rate stability, timing, memory usage, and responsiveness, and these were all points highlighted in literature concerning real-time interactive systems [11, 16, 17].

Frame Rate and Stability
On different test platforms, whether Windows or Linux, it ensured a constant frame rate of 60 FPS. There were no frame rate drops in rapid line removal and fast-paced levels. A constant frame rate is primary in puzzle games, as fluctuations in timing break the flow of the game [16].
Feedback Schemes
The input latency values were always below 30 milliseconds, which corresponds to the thresholds for casual reflex-based games as described in [15]. Even in long-running application usage scenarios, such as long input bursts, this performance was maintained.
Resource Consumption
The CPU usage was always below 10%, and RAM usage was below 150 MB. These values are in line with the requirements of 2D puzzle game software and comply with efficient software usage as described in literature [17].
Collision and Scoring Efficiency
Collision checks run in constant time due to the nature of grid representation, and line-clearing actions take a linear amount of time proportional to board height, which provides predictable timing.
On balance, it can be said that this artefact meets expectations in relation to performance.

[bookmark: _Toc216357253]6.5 User Experience Evaluation
User experience was evaluated using informal user studies, observations, and comparisons to known HCI models. Although the number of subjects was small, being in an academic setting, findings showed consistent results.
Clarity and Readability
The testers found the interface clean and easy to understand. Also, the use of a high-contrast color scheme proved very effective in high-speed playing, as suggested in literature related to human-computer interaction, where visual discrimination plays a vital role in understanding puzzle-based cognitive tasks [15].
Responsiveness and Control Satisfaction
Players found “controls that were smooth, predictable, and responded well.” There was no reported tactile delay, lack of input definition, which aided in understanding that game play enabled flow experience as described in Csikszentmihalyi [4].


Difficulty and Engagement
Players felt that difficulty increased in line with their own difficulty, providing a consistent challenge experience for the player. This met Game Flow requirements, where concentration, goals, and challenge adjustment are key components for game engagement [9]. Sound and Feedback The line clearing and tile placement sound effects were found to be subtle yet rewarding, playing a part in the positive experience of playing the game. Feedback loops are considered necessary in defining game mastery in puzzle-based games [5]. 
Overall Satisfaction
The players found it “polished” and “enjoyable” with many of them showing a willingness to repeat playing the game over a long period of time, which are common considerations in determining puzzle game performance. 

[bookmark: _Toc216357254]6.6 Limitations of the Developed System 
Although it has many strengths, it has certain weaknesses that limit its scope when compared to commercial as well as research-level implementations. 
Simplified Rotation System 
Although the rotation algorithm is robust, it does not completely utilize the official SRS found in current Tetris games. This would be accomplished with a full wall kick table and other rules, which would increase complexity [3]. 
Lack of Customization Options
Customization There are no options for customized accessibility features such as color, input methods, or difficulty leveling. Studies say that this would improve inclusiveness in a game [15]. 
Lack of Advanced Game Modes 
The project exclusively focuses on traditional single-player versions of Tetris. Other features like a competitive offering, scoring in marathon style, and challenge options would just increase this but are not in the project scope. 
Limited User Testing Sample Size
Because of time and ethical considerations, user studies were not extensive. A larger data set would provide a better understanding of user experience and difficulty calibration. 
No Persistent Storage or Leaderboards 
Although game tracking functionality works, it lacks support for storing highest scores and player data. This feature would make the game even more repayable. 
[bookmark: _Toc216357255]Chapter 7 – Conclusion and Recommendation
[bookmark: _Toc216357256]7.1 Summary of Achievements
This project endeavored to design, develop, and test a working game like Tetris using Python with Pygame, all in accordance with software design principles. Throughout this development continuum, it was found that this software product has a rather important connection with software design principles as set in the introductory chapter of this body of work. This functional software design also included functionality for tetrominos, tetromino rotations, collision detection, gravity, clearing, scoring, and leveling in a precise manner, which has a rather important role in a puzzle game as highlighted in literature on game mechanics [5], [7].
Furthermore, besides being functionally correct, the project met various non-functional requirements concerning usability, efficiency, responsiveness, and software maintainability. The user interface design followed proper human-computer interaction principles, which were aimed to facilitate ease of readability and avoid unnecessary cognitive complexities in users [9], [15]. The software design followed a structured object-oriented paradigm, which aided greatly in maintaining readability and reusability, as suggested by most prominent software design methodologies, for example, in [12], [13]. Lastly, test results analyze further reinforced the robustness of software development, as it behaved as expected in all different game scenarios.

[bookmark: _Toc216357257]7.2 Evaluation of Objectives
One of the keys aims of this project has been the critical evaluation of literature that has been written concerning the mechanics of Tetris, puzzle game design, HCI issues, and Python-based game development. This aim has been satisfied comprehensively through the literature review that has been described in Chapter 2, which has enabled the project to gather theoretical support for numerous design and implementation decisions.
Another aim was to identify and implement functional as well as non-functional requirements as per the literature. This has been done in Chapter 4. This aim has been met to make the implementation consistent with the design.
Another goal was related to forming a structured, modular, and maintainable architecture. As seen in Chapter 5, a structured architecture is used with a focus on concern separation using components like GameManager, Grid, Tetromino, and UIManager. This follows OOP principles and design patterns as advocated by Pope et al. in [13].
The final goal was to test and performance-evaluate the system. Functional test cases and findings from playtesting proved that the system functioned correctly with a smooth player experience, which met the requirements of interactive system evaluation as advocated in literature related to HCI as well as game development [4], [15].
[bookmark: _Toc216357258]7.3 Recommendations for Future Work
Although it satisfies the tasks, several improvement opportunities for further enhancement are discernible, taking into consideration user input as well as gaps in literature.
Advanced Rotation System:
A full Super Rotation System would improve mechanical simulation and make it a much more refined experience, especially for experienced players who know what to expect in a game of Tetris nowadays [3].
Expanded Game Modes:
Other modes like Time Attack, Endless Marathon, and Challenge would add variety to the gameplay and match contemporary titles of Tetris like Tetris Effect.
Accessibility Enhancements:
Introducing color-blind modes, speed options, and/or different control systems would make it even more inclusive, as it would support many of the recommendations for inclusive design that are suggested in HCI literature [15]. |
Persistent Data Storage: 
Functions like saving scores in a local environment or in the cloud would help in increasing long-term engagement with the application, as scoring systems are a common motivational element in puzzle games. 
Mobile or Web Deployment: 
Portable development for either mobile platforms, such as Kivi, or browser-based platforms, using WebAssembly, would make it easier to study usability. 
AI-Based Enhancements 
The potential for extension in the future involves using AI players and/or hint algorithms using heuristic placement as proposed in literature studies [14]. 
These recommendations offer directions towards scaling up the artefact for a more advanced product or a commercially viable product. 

[bookmark: _Toc216357259]7.4 Final Conclusion 
This project provides a successful example of a complete development life cycle for a game of Tetris type, which combines scholarly research with software development. The project artefact meets all known principles of game design, software development, and user interaction. The artefact has produced a game that has a mechanical as well as experiential quality. This project shows how scholarly knowledge can be used in software development, which has a structured development life cycle. 

[bookmark: _Toc216357260]Chapter 8 – Reflection
[bookmark: _Toc216357261]8.1 Challenges and Mitigation
There were several issues that involved problem-solving and adaptation. The integration of effective collision detection and a rotation algorithm was a challenge, as kicking from walls and placing blocks near walls was not consistent in early builds. I analyzed various approaches for performing a rotation, which are found in other Tetris implementations.
Another challenge involved performance optimization. In early iterations, there were frame drops when clearing multiple lines. I utilized profiling and identifying slow paths of rendering to optimize drawing and eliminate unnecessary work. This improved performance as well as my understanding related to low-level graphics.
There were challenges in managing time. There were needs for flexible time management. An agile-inspired workflow allowed for continuous movement forward, with a focus on features that are most impactful and complex.

[bookmark: _Toc216357262]8.2 Professional Skills
Along with my technical work, this project has allowed me to develop professional skills necessary for a software career. Technical writing, such as requirements, UML, and analysis reports, has helped me effectively communicate technical information.
Problem-solving skills honed through debugging, design critiques, and test result analysis. Collaboration skills were learned indirectly through version control, modularity, and industry standards—guidelines which help make teamwork efficient in a professional setting.
Ethics and sustainability issues opened my perspective on developers’ duties in providing accessible and efficient software, which, in turn, helped me develop a well-rounded professional attitude.

[bookmark: _Toc216357263]8.3 Summary
Overall, this project offered a very rich experience in terms of theories, techniques, and reflective practices. I learned programming skills in Python, use of Pygame, object-oriented programming, and techniques for speeding up programs; overcame development-related issues; and enhanced skills in project management, documentation, critical thinking, ethics, and communication. These accomplishments are indicative of a rich personal and professional development experience, which aligns very well with what I would like to accomplish in an independent Level 6 project.
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import sys
import os

import copy

import random

From enum import Enum

import pygame as pg
from pygame import mixer

10v class Colour(Enum):

11
12
13
14
15
16
17
18
19
20
21
22
23
2
25
26
27
28
29
30
31
32
33
£
35
36
37
38
39
20
a1
a2
a3
a4
a5
26
a7
a8
a9
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

GAME_OVER - (111, 247, 229)
WHITE - (255, 255, 255)
BLACK - (@, 0, 0)

TEAL - (9, 255, 255)
ORANGE - (255, 165, 0)
GOLD - (255, 215, @)
PURPLE - (138, 43, 226)
BLUE - (0, @, 255)
LTGHT_BLUE - (122, 122, 255)
FIREBRICK - (178, 34, 34)
GREEN - (@, 255, 0)

RED - (255, 0, 0)

v colours_by_number = {

f

1: Colour.GAME_OVER,
2: Colour.WHITE,

3: Colour.BLACK,
Colour. TEAL,
Colour.ORANGE,

: Colour.GOLD,

7: Colour.PURPLE,

: Colour.BLUE,

: Colour.LTGHT_BLUE,
10: Colour.FIREBRICK,
11: Colour.GREEN,

12: Colour.RED

v def get_colour_by_number(number):

¥ colours_by_name =

return colours_by_number.get (number)

* GAME_OVER
“WHITE"
*BLACK"
“TEAL
*ORANGE " : 5,
*GOLD": 6,

“PURPLE": 7,
"BLUE": 8,
*LIGHT_BLUE
*FIREBRICK" :
"GREEN": 11,
*RED’: 12

1,

v def get_colour_number_by_name(colour_str):

return colours_by_name.get(colour_str)

v class Direction(Enum):

RIGHT = 1
uP =2
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RIGHT = 1

up
LEFT - 3
DOWN - 4

def get_random_shape(map_row_no, map_column_no):

shape_type - random.randrange(0, 7)
if shape_type

return SmashBoy (map_row_no, map_column_no)
if shape_type —- 1:

return Hero(map_row_no, map_column_no)
if shape_type

return BlueRicky(map_row_no, map_column_no)
if shape_type —= 3:

return OrangeRicky(map_row_no, map_column_no)
if shape_type —- 4:

return Teellee(map_row_no, map_column_no)
if shape_type —- 5:

return RhodeTsland(map_row_no, map_column_no)
if shape_type —- 6:

return Cleveland(map_row_no, map_column_no)

class Shape(object):
def __init_(self, name, state, colour, row_no, column_no, head, blocks):

self.name - name
self.state - state
self.row_no = row_no
self.column_no - column_no
self.colour - colour
self.head - head
self.blocks - blocks
self.blocks.insert(@, self.head)

def rotate(self, tetris_map,
ttemp_blocks, temp_direction - self.prepare_for_rotate(tetris_map)
if self.can_rotate(temp_blocks, tetris_map)
self.state - temp_direction
self.blocks ~ copy.deepcopy(temp_blocks)
return True
return False

def prepare_for_rotate(self, tetris_map):
raise NotImpLementedError

def can_rotate(self, blocks, tetris_map):
for block in blocks:
if block[@] < @ or block[@] > self.row no - 1 or \
block[1] < @ or block[1] > self.column_no - 1 or tetris_map[block[@]][block[1]] !
return False
return True

def can_move_to_right(self, tetris_map):
for block in self.blocks:
if block[1] >- self.column_no - 1 or tetris_map[block[@]][block[1] + 1]
return False
return True

def can_move_to_left(self, tetris_map):
for block in self.blocks:
if block[1] <= © or tetris_map[block[0]][block[1] - 1]
return False
return True

def move_left(self, tetris_map):
if self.can_move_to_left(tetris_map):
for i in self.blocks:
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def move_right(self, tetris map):
if not self.can_move_to_right(tetris_map):
return
for block in self.blocks:
block[1] +- 1

def move_down(self, tetris_map):
if not self.is_finished_or_collided(tetris_map):
for block in self.blocks:
block[e] +- 1

def is_finished_or_collided(self, tetris_map):
for block in self.blocks:
if block[@] —- self.row no - 1 or tetris_map[block[@] + 1][block[1]] !- @:
return True
return False

def draw(self, screen):
for i in self.blocks:
pg-draw.rect(screen, self.colour.value, (50 + (i[1] * 30), 50 + (i[0] * 30), 30, 30), 2)
pg-draw.rect(screen, self.colour.value, (50 + (i[1] * 30) + 5, 50 + (i[e] * 30) + 5, 21, 21))

def draw_next(self, screen, x_position):
for 1 in self.blocks:
pg-draw.rect(screen, self.colour.value, (x_position + (i[1] * 15), 17 + (i[e] * 15), 15, 15))
pg-draw.rect(screen, Colour.BLACK.value, (x_position + (i[1] * 15), 170 + (i[e] * 15), 15, 15), 1)

class SmashBoy(Shape):
def __init_(self, row_no, column_no):
super().__init__("SmashBoy®, None, Colour.FIREBRICK, row_no, column_no, [0, 4], [[1, 41, [@, 5], [1, 511)

def prepare_for_rotate(self, tetris_map):
return self.blocks, self.state

class Hero(Shape):
def __init_(self, row_no, column_no):
super().__init_("Hero’, Direction.DOWN, Colour.GREEN, row_no, column_no, [0, 6], [[e, 21, [0, 5, [e, 711)

def prepare_for_rotate(self, tetris_map):
ttemp_blocks ~ copy.deepcopy(self.blocks)
‘temp_head - temp_blocks[2]

if self.state —- Direction.DOWN:
‘temp_direction - Direction.UP
‘temp_blocks[0] - [temp_head[@] + 1, temp_head[1]]
‘temp_blocks[1] - [temp_head[@] + 2, temp_head[1]]
‘temp_blocks[2] - [temp_head[@], temp_head[1]]
‘temp_blocks[3] - [temp_head[@] - 1, temp_head[1]]

else:
‘temp_direction
‘temp_blocks[0]
‘temp_blocks[1]
temp_blocks[2]
temp_blocks[3]

Direction.DOWN
[temp_head[0], temp_head[1] - 2]
[temp_head[0], temp_head[1] - 1]
[temp_head[0], temp_head[1]]

[temp_head[0], temp_head[1] + 1]

return temp_blocks, temp_direction

class RhodeTsland(Shape):
def __init_(self, row_no, column_no):
super().__init__('RhodeIsland’, Direction.UP, Colour.TEAL, row_no, column no, [0, 41, [[e, 51, [1, 41, [1, 3]1)

def prepare_for_rotate(self, tetris_map):
temp_blocks ~ copy.deepcopy(self.blocks)
‘temp_head - temp_blocks[0]
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if self.state
‘temp_direction
‘temp_blocks[1]
temp_blocks[2]
temp_blocks[3]

else:
‘temp_direction - Direction.UP
temp_blocks[1] - [temp_head[@], temp_head[1] + 1]
‘temp_blocks[2] - [temp_head[@] + 1, temp_head[1]]
temp_blocks[3] - [temp_head[@] + 1, temp_head[1] - 1]

irection. DOWN
[temp_head[0] - 1, temp_head[1]]
[temp_head[0], temp_head[1] + 1]
‘temp_head[@] + 1, temp_head[1] + 1]

return temp_blocks, temp_direction

class Cleveland(Shape):
def __init_(self, row_no, column_no):
super().__init__("Cleveland’, Direction.UP, Colour.GOLD, row_no, column no, [0, 41, [[e, 31, [1, 41, [1, 5]1)

def prepare_for_rotate(self, tetris_map):
temp_blocks ~ copy.deepcopy(self.blocks)
ttemp_head - temp_blocks[0]

if self.state —- Direction.
‘temp_direction - Direction.DOWN
‘temp_blocks[1] - [temp_head[@] + 1, temp_head[1]]
temp_blocks[2] - [temp_head[@], temp_head[1] + 1]
‘temp_blocks[3] - [temp_head[@] - 1, temp_head[1] + 1]

else:
‘temp_direction
‘temp_blocks[1]
temp_blocks[2]
temp_blocks[3]

irection.UP
[temp_head[0], temp_head[1] - 1]
‘temp_head[0] + 1, temp_head[1]]
[temp_head[0] + 1, temp_head[1] + 1]

return temp_blocks, temp_direction

class OrangeRicky(Shape):
def __init_(self, row_no, column_no):
super().__init__("OrangeRicky, Direction.RIGHT, Colour.ORANGE, row_no, column no, [1, 51, [[1, 41, [1, 61, [e, 6]1)

def prepare_for_rotate(self, tetris_map):
temp_blocks ~ copy.deepcopy(self.blocks)
ttemp_head - temp_blocks[0]
temp_direction - self.state

if temp_direction - Direction.RIGHT:
‘temp_direction - Direction.UP
‘temp_blocks[1] - [temp_head[@] + 1, temp_head[1]]
‘temp_blocks[2] - [temp_head[@] - 1, temp_head[1]]
temp_blocks[3] - [temp_head[@] - 1, temp_head[1] - 1]
elif temp_direction — Direction.UP:
‘temp_direction - Direction.LEFT
temp_blocks[1] - [temp_head[@], temp_head[1] + 1]
‘temp_blocks[2] - [temp_head[@], temp_head[1] - 1]
temp_blocks[3] - [temp_head[@] + 1, temp_head[1] - 1]
elif temp_direction —— Direction.LEFT:
‘temp_direction - Direction.DOWN
‘temp_blocks[1] - [temp_head[@] - 1, temp_head[1]]
‘temp_blocks[2] - [temp_head[@] + 1, temp_head[1]]
‘temp_blocks[3] - [temp_head[@] + 1, temp_head[1] + 1]
else:
‘temp_direction
‘temp_blocks[1]
temp_blocks[2]
temp_blocks[3]

irection.RIGHT
[temp_head[0], temp_head[1] - 1]
[temp_head[0], temp_head[1] + 1]
‘temp_head[@] - 1, temp_head[1] + 1]

return temp_blocks, temp_direction
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class BlueRicky(Shape):
def __init_(self, row_no, column_no):
super().__init__("BlueRicky’, Direction.RIGHT, Colour.BLUE, row_no, column_no, [1, 5], [[1, 41, [1, 6], [0, 4]1)

def prepare_for_rotate(self, tetris_map):
temp_blocks ~ copy.deepcopy(self.blocks)
ttemp_head - temp_blocks[0]
temp_direction - self.state

if temp_direction - Direction.RIGHT:
‘temp_direction - Direction.UP
temp_blocks[1] - [temp_head[@] - 1, temp_head[1]]
‘temp_blocks[2] - [temp_head[@] + 1, temp_head[1]]
temp_blocks[3] - [temp_head[@] + 1, temp_head[1] - 1]
elif temp_direction — Direction.UP:
‘temp_direction - Direction.LEFT
‘temp_blocks[1] - [temp_head[@], temp_head[1] - 1]
‘temp_blocks[2] - [temp_head[@], temp_head[1] + 1]
temp_blocks[3] - [temp_head[@] + 1, temp_head[1] + 1]
elif temp_direction —— Direction.LEFT:
‘temp_direction - Direction.DOWN
‘temp_blocks[1] - [temp_head[@] + 1, temp_head[1]]
‘temp_blocks[2] - [temp_head[@] - 1, temp_head[1]]
‘temp_blocks[3] - [temp_head[@] - 1, temp_head[1] + 1]
else:
‘temp_direction - Direction.RIGHT
‘temp_blocks[1] - [temp_head[@], temp_head[1] - 1]
‘temp_blocks[2] - [temp_head[@], temp_head[1] + 1]
‘temp_blocks[3] - [temp_head[@] - 1, temp_head[1] - 1]

return temp_blocks, temp_direction

class TeeWee(Shape):
def __init_(self, row_no, column_no):
super().__init__('TeeWee', Direction.DOWN, Colour.PURPLE, row_no, column_no, [1, 5, [[®, 51, [1, 4], [1, 611)

def prepare_for_rotate(self, tetris_map):

temp_blocks ~ copy.deepcopy(self.blocks)

ttemp_head - temp_blocks[0]

ttemp_direction - self.state

if temp_direction — Direction.DOWN:
‘temp_direction - Direction.RIGHT
temp_blocks[1] - [temp_head[@], temp_head[1] - 1]
‘temp_blocks[2] - [temp_head[@] + 1, temp_head[1]]
temp_blocks[3] - [temp_head[@] - 1, temp_head[1]]

elif temp_direction — Direction.RTGHT:
‘temp_direction - Direction.UP
‘temp_blocks[1] - [temp_head[@] + 1, temp_head[1]]
‘temp_blocks[2] - [temp_head[@], temp_head[1] + 1]
temp_blocks[3] - [temp_head[@], temp_head[1] - 1]

elif temp_direction — Direction.UP:
‘temp_direction - Direction.LEFT
temp_blocks[1] - [temp_head[@], temp_head[1] + 1]
‘temp_blocks[2] - [temp_head[@] - 1, temp_head[1]]
temp_blocks[3] - [temp_head[@] + 1, temp_head[1]]

else:
‘temp_direction
‘temp_blocks[1]
temp_blocks[2]
temp_blocks[3]

Direction.DOWN
[temp_head[0] - 1, temp_head[1]]
[temp_head[0], temp_head[1] - 1]
[temp_head[0], temp_head[1] + 1]

return temp_blocks, temp_direction

class GameMetaData(object):
font_type - 'tetris_font.ttf’
map_row no - 20
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font_type = ‘tetris_font.ttf’
map_row_no - 20

map_column_no - 10

screen_width - map_column_no * 30 + 250

screen_height - map_row_no * 30 + 100

screen_center_width - int(screen_width / 2)
screen_center_height - int(screen_height / 2)

width_offset - 50

height_offset - 50

score_window_pos - 30 * map_column_no + width_offset + 30
score_window_text_pos - 30 * map_column_no + width_offset + 50

class Scenes(object):
titleScene - None
gameScene ~ None
active_scene - None

class State(object):
level - 1
score - @
full_line_no - @

@staticmethod

def reset_new_game():
State.score - @
State.full_line_no - @
State.level - 1

class SceneBase:
def __init_(self):

self.next - self

try:
self.score_font - pg.font.Font(GameMetaData. font_type, 18)
self.full_line_font - pg.font.Font(GameMetaData. font_type, 18)
self.level_font - pg.font.Font(GameMetaData. font_type, 18)
self.next_font - pg.font.Font(GameMetaData. font_type, 16)

except Exception:
self.score_font - pg.font.SysFont(None, 18)
self.full_line_font - pg.font.SysFont(None, 18)
self.level_font - pg.font.SysFont(None, 18)
self.next_font - pg.font.SysFont(None, 16)

def process_input(self, events
raise NotImpLementedError

def update(self):
raise NotImpLementedError

def render(self, screen):
raise NotImpLementedError

def draw_score_area(self, main_screen):
pg-draw.rect (main_screen, Colour.FIREBRICK.
score_text - self.score_font.render("Score
full_line_text - self.full_line_font.render

lue, (GameMetaData.score_window_pos, 50, 155, 85), 1)

+ str(State.score), True, Colour WHITE.value)

Lines: " + str(State.full_line no), True,
Colour . WHITE.value)

level text - self.level font.render("Level: " + str(State.level), True, Colour.WHITE.value)

main_screen.blit(score_text, (GameMetaData.score window_text_pos, 60))
main_screen.blit(full_line_text, (GameMetaData.score window_text_pos, 85))
main_screen.blit(level text, (GameMetaData.score window_text_pos, 110))

pg-draw.rect (main_screen, Colour.FIREBRICK.value, (GameMetaData.score window_pos, 149, 155, 80), 1)
next_text - self.next_font.render("Next: ', True, Colour.WHITE.value)
main_screen.blit(next_text, (GameMetaData.score window_text_pos - 15, 145))
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@staticmethod
def draw_area_grid(main_screen):
for row_no in range(@, GameMetaData.map_row_no + 1):
pg-draw.1line(main_screen, Colour.LTGHT BLUE.value, (GameMetaData.width offset, 50 + (row_no * 30)),
(30 * GameMetaData.map_column_no + GameMetaData.width_offset, 50 + (row_no * 30)), 1)
if row_no < GameMetaData.map_column_no +
pg-draw.1ine(main_screen, Colour.LTGHT_BLUE.value, (GameMetaData.width offset + (row_no * 30),
GameMetaData. height_offset),
(GameMetaData.width_offset + (row_no * 30),
30 * GameMetaData.map_row_no + GameMetaData.height_offset))

def switch_to_scene(self, next_scene):
self.next - next_scene

class TitleScene(SceneBase):
def __init_(self):

SceneBase.__init_ (self)

self._is_continue - False

self._is_game_over - False

self.options - © if self.is_continue else 1

self.default - Colour.WHITE.value

self.selected - Colour.RED.value

try:
self.continue_font - pg.font.Font(GameMetaData. font_type, 36)
self.new_game_font - pg.font.Font(GameMetaData. font_type, 36)
self.options_font - pg.font.Font(GameMetaData. font_type, 36)
self.exit_game_font - pg.font.Font(GameMetaData. font_type, 36)

except Exception:
self.continue_font - pg.font.SysFont(None, 36)
self.new_game_font - pg.font.SysFont(None, 36)
self.options_font - pg.font.SysFont(None, 36)
self.exit_game_font - pg.font.SysFont(None, 36)

@property
def is_continue(self):
return self._is_continue

@is_continue.setter

def is_continue(self, is_continue):
self._is_continue - is_continue
self.options - @

@property
def is_game_over(self):
return self._is_game_over

@is_game_over.setter

def is_game_over(self, is_game_over):
self._is_game_over - is_game_over
self._is_continue - False
self.options - 1

def process_input(self, events):
for event in event
if event.type —- pg.KEYDOWN:
if event.key — pg.K_DOWN:
self.options += 1
if self.options > 3:
self.options - © if self.is_continue else 1
if event.key — pg.K_UP:
self.options - 1
lower_limit - © if self.is_continue else 1
if self.options < lower limit:
self.options - 3
if event.key — pg.K_ESCAPE:
if self.is_continue:
Scenes.active_scene - Scenes.gameScene
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Scenes.actlve_scene = Scenes.gamescene
if event.key — pg.K_RETURN or event.key —- pg.K_KP_ENTER:
if self.options — @: # Continue
Scenes.active_scene - Scenes.gameScene
if self.options — 1: # New Game
self._is_game_over - False
State.reset_new_game()
Scenes . gameScene - GameScene()
Scenes.active_scene - Scenes.gameScene
if self.options — 2: # Options
pass
if self.options
quit_game()
if event.type —- pg.QUIT:
quit_game()

# Quit

def update(self):
pass

def render(self, screen):
if not self.is_game_over:
screen. £i11(Colour.BLACK.value)
self.draw_score_area(screen)

SceneBase.draw_area_grid(screen)
new_game_text - self.new_game_font.render("NEW GAME", True,
self.selected if self.options
options_text - self.options_font.render("OPTIONS", True,
self.selected if self.options
exit_game_text - self.exit_game_font.render("EXIT", True,
self.selected if self.options

1 else self.default)

2 else self.default)

3 else self.default)

menu_background - pg.Rect((0, @), (250, 250))
menu_rect - options_text.get_rect(center—(GameMetaData.screen_center width,
GameMetaData. screen_center_height))

menu_offset - 25 if self.is_continue else @

menu_background. center — (menu_rect.width / 2 + menu_rect.x,
(menu_rect.height / 2 + menu_rect.y) - menu_offset)

pg-draw.rect(screen, Colour.BLACK.value, menu_background, 0)

pg-draw.rect(screen, Colour.WHITE.value, menu_background, 1)

if self.is_game_over:
game_over_font - pg.font.Font(GameMetaData.font_type, 72) if pg.font else pg.font.SysFont(None, 72)
game_over_text - game_over_font.render("GANE OVER”, True, Colour.RED.value)
screen.blit(game_over_text,
game_over_text.get_rect(center—(GameMetaData. screen_center_width,
GameMetaData. screen_center_height - 160)))

if self.is_continue:
continue_game_text - self.continue_font.render("CONTINUE", True,
self.selected if self.options — @ else self.default)
screen.blit(continue_game_text, continue_game_text.get_rect(center-(GameMetaData.screen_center width,
GameMetaData. screen_center_height - 100)))

screen.blit(new_game_text, new_game_text.get_rect(center-(GameMetaData.screen_center width,
GameMetaData. screen_center_height - 50)))
screen.blit(options_text, menu_rect)
screen.blit(exit_game_text, exit_game_text.get rect(center-(GameMetaData.screen_center_width,
GameMetaData. screen_center_height + 50)))
pg-display.update()

class GameScene(SceneBase):
def __init_(self):
SceneBase.__init_(self)
self.empty_line - [] * GameMetaData.map_column_no
self.tetris_map - [self.empty_line[:] for _ in range(GameMetaData.map_row_no)]





image10.png
r class GameScene(SceneBase.
y def __init_(self):
SceneBase.__init_(self)
self.empty_line - [] * GameMetaData.map_column_no
self.tetris_map - [self.empty_line[:] for _ in range(GameMetaData.map_row_no)]
r self.moving_object - [get_randon_shape(GameMetaData.map_row_no, GameMetaData.map_column_no),
get_randon_shape(GameMetaData.map_row_no, GameMetaData.map_column_no)]
self.movement_fps - ©
self.keyboard_speed - @
self.movement_speed - 50
self.maximum_movement_speed - 5
self.super_speed_mode - False
self.game_over - False

r def process_input(self, events):
keys - pg.key.get_pressed()

for event in event:
if event.type
quit_game()
if event.type —- pg.KEYDOWN:
if event.key — pg.K_ESCAPE:
Scenes. titleScene.is_continue - True
Scenes.active_scene - Scenes.titleScene

y if event.key — pg.K_LEFT:
self.keyboard_speed - -2
self.moving_object[@].move_left(self.tetris_map)

y if event.key — pg.K_RIGHT.
self.keyboard_speed ~ -2
self.moving_object[@].move_right(self. tetris_map)

r if event.key — pg.K_DOWN and not self.super_speed_mode:
self.keyboard_speed - -2
self.moving_object[@].move_down(self.tetris_map)

State.score +- 2

y if event.key — pg.K_UP:
could_rotate - self.moving_object[0].rotate(self. tetris_map)
if could_rotate:

g-QUIT:

try:

rotate_sound.play()
y except Exceptior

pass

else:
try:

tilt_rotate_sound.play()

y except Exceptior

pass

if event.key — pg.K_SPACE:
if not self.super_speed_mod
self.super_speed_mode - True

y try:
speed_mode_sound..play()
y except Exception:
pass
self.movement_speed - 1
y else:

self.super_speed_mode - False
self.calculate_speed()

y if keys[pg-K_LEFT]:
self.keyboard_speed +- 1
y if self.keyboard speed >= 4:

self.keyboard_speed - @
self.moving_object[@].move_left(self.tetris_map)

y if keys[pg.-K_RIGHT]:
self.keyboard_speed +- 1
y if self.keyboard speed >= 4:

self.keyboard_speed - @
self.moving_object[0].move_right(self.tetris_map)
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def update(self)
self.movement_fps += 1
if self.movement fps >- self.movement_speed:
self.movement_fps - ©
seLf.move_object_down_or_game_over()

def draw_next_shape(self, main_screen
self.moving_object[1].draw_next(main_screen, GameMetaData.score_window_text_pos - 20)

def render(self, main_screen):
main_screen.£i11(Colour.BLACK.value)
self.draw_score_area(main_screen)
self.draw_next_shape(main_screen)
self.moving_object[@].draw(main_screen)
self.draw_used_blocks(main_screen)

if self.game_over:
GameScene . drau_gane_over ()

pg-display.update()

def draw_used_blocks(self, main_screen):
for row_no, row in enumerate(self.tetris_map):
for column_no, column_value in enumerate(row):
if column_value ! @:
block_color - get_colour_by_number(column_value)
pg-draw.rect (main_screen, block_color.value,
(50 + (column_no * 30), 50 + (row_no * 30), 30, 30), 2)
pg-draw.rect (main_screen, block_color.value,
(50 + (column_no * 3@) + 5, 50 + (row_no * 30) + 5, 21, 21))
SceneBase.draw_area_grid(main_screen)

@staticmethod
def draw_game_over():
Scenes. titleScene.is_game_over - True
Scenes.active_scene - Scenes.titleScene

def calculate_speed(self):

if State.level < 10:
State.level - int(State.full_line_no / 10) + 1
new_movement_speed - 50 - ((State.level - 1) * 5)
if not self.super_speed mode and self.movement_speed

self.movement_speed - new_movement_speed

elif not self.super_speed mode:

self.movement_speed — self.maximum_movement_speed

= new_movement_speed:

def move_object_down_or_game_over(seLf):
if self.moving_object[0].is_finished or_collided(self.tetris_map):

self.movement_speed - ©

is_game_over - False

for block in self.moving object[0].blocks:
if block[e]

is_game_over - True

self.tetris_map[block[0]][block[1]] - get_colour_number_by_name(self.moving_object[@].colour.name)

if not is_game over:
temp = []
full_line - 0
for row in List(reversed(self. tetr:
if @ not in row:
full line += 1
else:
temp. append(row)

s_map)) :

if full_line > 0:
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v if full_line >
State.full_line no +- full_line
State.score += full_line * 100
v for _ in range(full_line):
temp.append(self.empty_line[:])

self.tetris_map - List(reversed(temp))
self.moving_object.append(get_random_shape(GameMetaData.map_row_no, GameMetaData.map_column_no))
self.moving_object.pop(0)

v if self.super_speed_mode:
self.super_speed_mode - False

self.calculate_speed()

self.game_over - is_game_over
v else:
v if self.super_speed_mode:
State.score +- 2
self.moving_object[@].move_down(self.tetris_map)

v def quit_game():
pg-quit()
sys.exit()

v def main(;
# Put window at a predictable position
os.environ[ *SDL_VIDEO_WINDOW_POS'] - "%d,%d" % (100, 100)

pg.init()
v try:
pg-mixer.init()
v except Exception:
pass

global rotate_sound, tilt_rotate_sound, speed mode_sound
rotate_sound - None
tilt_rotate_sound - None
speed_mode_sound ~ Nore
v try
mixer.music.load(background.wav’)
mixer.music.set_volume(@.2)
mixer.music.play(-1)
v except Exception:
pass
v try:
rotate_sound - mixer.Sound(’can_rotate.wav')
rotate_sound.set_volume(1)
v except Exception:
rotate_sound - None

4 try

tilt_rotate_sound - mixer.Sound('tilt_rotate.wav')
tilt_rotate_sound.set_volume(1)

v except Exception:
tilt_rotate_sound - None

v try:
speed_mode_sound - mixer.Sound(’ speed_mode.wav")
speed_mode_sound. set_volune(1)

v except Exception:
speed_mode_sound ~ None

clock - pg.time.Clock()
main_screen - pg.display.set_mode((GameMetaData.screen width, GameMetaData.screen_height))
pg-display.set_caption(“Tetris — by Vasile Sili")
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