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1. [bookmark: _Toc70001185]Introduction to Proposed Research
1.1 [bookmark: _Toc39074392][bookmark: _Toc70001186]Working title
Create a piece of intuitive language teaching software using aspects of gamification.
1.2 [bookmark: _Toc39074393][bookmark: _Toc70001187] Subject area background
 (
Figure 
1
: Rosetta Stone Version 1's opening French lesson. Source: 
https://www.techradar.com/uk/reviews/pc-mac/software/utilities/other-software/rosetta-stone-level-1-35814/review
)[image: ]The area of language teaching tools is quite modern when compared to other fields of study. The earliest example of these programs comes from 1992 with the original version of the Rosetta Stone teaching tool. This program developed by Rosetta Stone (known then as Fairfield Language Technologies) attempts to teach users through associating words with pictures. It offered entry-level introductions into various languages [1]. Over time Rosetta stone has adapted and evolved, offering more advanced looks into 20+ languages and now spouting a mobile app that includes accent detecting voice recognition software [2] and live language coaching [3]. The mobile app version of the program currently has over 10,000,000 downloads on the Google Play store and the app is updated regularly with new features and improvements [4].
 (
Figure 
2
:Example of Duolingo interface. Source: 
https://play.google.com/store/apps/details?id=com.duolingo&hl=en_GB
)[image: ]While Rosetta Stone is the first instance of language teaching software, it is not currently the most popular. Duolingo is a mobile app that has over 100,000,000 downloads on the Google Play store [5], it was launched in 2012 as founder, Luis von Ahn, wanted to “create a way to learn languages for free” [6]. Duolingo currently supports over 30 languages which include popular, broadly spoken languages (English, French) but it also includes both lesser spoken languages (Gaelic Scottish, Latin) and languages that began in fiction (Star Trek’s Klingon, Game of Thrones’ High Valyrian) [7]. Duolingo’s approach is more casual and game-like, featuring an in-app daily streak system and bright, colourful visuals.
Both Duolingo and Rosetta Stone have been received positively overall, they both have high ratings in both the Google Play store and the Apple Store [8] [9]. In 2013, Duolingo received Apple’s award for “iPhone App of the year”, the first time that an education app has ever received this award [10]. However, they both have their critics, some reviews for Rosetta Stone frame the learning process as the one used for children learning their first language and how this doesn’t translate well to adults learning their second [11]. And critics of Duolingo often bring up how the app prefers to teach direct singular word translations rather than give them in the context of full sentences and practical speech [12]. 
 (
Figure 
3
: WebCAPE Score placements. Source: 
https://s3.amazonaws.com/duolingo-papers/other/vesselinov-grego.duolingo12.pdf
)In 2012, a study [13] was conducted to determine the effect of Duolingo as a learning tool. In this study, willing participants were instructed to learn Spanish using Duolingo over two [image: ]months with a recommended study time of 30 hours and a minimum study time of 2 hours. After the learning period was complete, participants were instructed to complete an online language placement exam known as WebCAPE [14]. WebCAPE exam scores are a good field of reference for what level of education you should enter. The study found that the amount of reward a user will get from using the app greatly differs, with “beginners gaining the most and more advanced learners gaining the least”. The survey also suggests that a complete novice of Spanish could cover the first semester of Spanish in 26-49 hours of Duolingo use, however, this statistic is based mostly on extrapolating the data given in the results of the study.
In teaching theory, there are two types of knowledge, declarative knowledge, and functioning knowledge. Declarative knowledge is the knowledge that you tell others, normally second-hand knowledge that has already been tested and proven. Functioning knowledge is the knowledge that equips the individual to “see the world differently and behave differently towards that part of the world” [15]. From his personal experience with Duolingo and research of other programs, the author has observed that existing language apps approach teaching with a declarative approach, where information is taught to you and you parrot it back to the app over and over, but this knowledge does not have much real-world practical use. For the program, incorporating a teaching approach based on functioning knowledge, where the program will, instead of teaching singular words or phrases, focus on giving practical information that can be used in the real world will be considered.
 (
Figure 
4
: Gibbs' exercise chart. Source: 
https://thoughtsmostlyaboutlearning.files.wordpress.com/2015/12/learning-by-doing-graham-gibbs.pdf
)[image: ]In his book documenting practical teaching and learning methods [16], author Graham Gibbs discusses how different teaching methods and exercises can either lean into the declarative or functioning side of knowledge. Tasks and exercises that lean into the functioning side often include tasks that require far greater personal involvement, which is ideal for this project as most, if not all, users would be using the app out of a want for personal improvement. By leaning towards the more real-world, functioning side of education, the author should be able to create a program that can utilize more realistic scenarios like roleplay and simulated conversations to help users connect with the language practically.
1.3 [bookmark: _Toc39074394][bookmark: _Toc70001188] Justification
The author has always had an interest in learning additional languages to enrich his communication skills, but personal problems with the approaches of both apps discussed earlier has made it difficult. He would like to see if it is truly possible to teach the intricacies of a language through gamification while remaining engaging and intuitive.
This project will be targeted towards students in Key Stage 3, meaning pupils aged between 12-15, this is due to the author’s interest in how someone already in a studying environment can benefit from extracurricular learning through gamification.
1.4 [bookmark: _Toc39074395][bookmark: _Toc70001189] The overarching aim of the study
This project aims to design and develop a piece of software that teaches language through explanation and exploration of language foundations and intricacies. To do this, the following tasks will need to be completed: -
· Plan out milestones for language learning to properly space lessons while guaranteeing that something new is learned every lesson. This will be done by studying both teaching theory and the methods used by other software.
· [bookmark: _Hlk61854223]Create incentives for the user to continue using the program. While self-interest is a contributor to pursuing an optional course like this, a small push in the right direction is sometimes needed.
· Develop an intricate understanding of the language decided on. This is to guarantee that all information delivered through the software is faithful and accurate.
· Make sure the interface designed for the app is aesthetically pleasing. It’s important to remember that if a program looks ugly or is painful to look at, it will not be used regularly, regardless of how good the actual program is. 
1.5 [bookmark: _Toc39074396][bookmark: _Toc70001190]Expected Outcomes
The expected outcome of this project is a program that can teach at least one language at launch.
This software will include: -
· Coverage of at least 1 language.
· Tutorials/Games that demonstrate the layout and foundations of the language.
· Interactive dialogue with the tutorial program through scenario roleplaying.

2. [bookmark: _Toc70001191]Literature Review
[bookmark: _Toc70001192]2.1 Introduction
The following section will look at the literature relating to language teaching and gamification through a thorough review of the literature. It is hoped that effective methods for future development will be found. 
[bookmark: _Toc70001193]2.2 Language Learning Barriers
[bookmark: _Hlk61854494]In the modern era, language learning is important, as the internet allows us to stay connected with people all around the world, however, the process of language learning is not without its issues. According to Josh Beattie, assistant director of the curriculum division of the Department of Education, the big barriers to language learning include the fact that some pupils…
[bookmark: _Hlk61854553]"don't think it's interesting, sometimes they don't like the teacher, and [think] that it's too difficult". [17] 
These claims were about the English Baccalaureate, where students can choose an additional language to study in addition to their further study of the English language. [18] A new language teaching app could seek to address these issues by either having a teacher with no character at all, à la an emotionless text to speech machine, a person delivering dialogue in an emotionless tone or simply text, or a teacher with conventionally likeable personality traits to maximize the number of people who can engage with the tool. The latter is favoured as there is evidence to show that likability enhances cognitive learning. [19]
It should also seek to teach language interestingly, incorporating games and activities as opposed to simple, lecture-style settings that one could expect in a school environment as evidence suggests that students do not retain a large amount of information delivered in lectures and a more engaging approach is favoured [20].
As for difficulty, it has been shown that…
“linguistic coding deficits are a plausible cause of foreign language learning”. [21]
A future language learning app could take strives to emphasize and focus on Annunciation and Phonology, potentially dedicating entire sections to having the user speak words into the mic syllable by syllable to get a grasp on the style of the language.
[bookmark: _Toc70001194]2.3 Digital Learning
Digital learning comes in many forms, from interactive games with an emphasis on conveying information to traditional lectures. Demetriadis and Pombortsis suggest that online lectures are as engaging as in-person lectures [22]. This suggests that a lecture-based approach could be an avenue to approach for the app, however, this does contrast with our previous point of incorporating more active methods into the app as general retention rates for lectures are low [20]. The sentiment demonstrated by these two studies suggests that active learning is superior to the lecture format, however, if we opt to use the lecture format, aside from the lack of interaction between the “student” (the app user) and the “teacher” (the developer of the app), there is no considerable downside to delivering prerecorded lectures using the app.
A study on alternative online teaching methods (creating and maintaining a blog, live presentations to the class, etc.) shows that while students appreciate the novelty, they were not impressed by the “always active” state of the module, preferring allocated time slots like other lectures [23]. While this study dealt with university modules and students, it is simple to extrapolate this to comprehensive schools as their methods of teaching are similar (allocated times for classes, teacher-driven lectures, etc.) and the proposed app would be more akin to an extracurricular activity over a core module, therefore, the author proposes that the app has scheduled sessions to allow users to allocate a set working time as opposed to feeling like it’s “always on” [23], but also allowing the user to set those times so they do not contrast with any subjects or other activities they may have.
[bookmark: _Toc70001195]2.4 Group learning vs Individual learning
An essential part of learning is teaching the student to have tools to solve problems in their respective fields. And due to our previous observations, we can conclude that non-lecture, activity-based learning should be the drive for the app. Understanding this, the next step should be establishing whether the app should be targeted towards individual learning or gathering groups and inspiring them to learn and work together. A study looking into the concept of “groupthink” and whether or not people are more effective thinkers individually or in groups [24] found that there are unique benefits and struggles faced by both groups and individuals, to the point where the authors conclude that there is no overwhelming advantage to either. However, while in a traditional schooling scenario, an individual can confer 1to1 with a teacher which could potentially lend it an advantage, in the context of this project, any advantage earned from speaking to authority is made completely moot.
[bookmark: _Toc70001196]2.5 A Look at Competitors 
A key part of creating an innovative piece of technology is knowing and understanding what the competitors in the field are doing and knowing how to innovate and improve. For this, the top-rated language apps were indexed, their websites were visited, reviews of the apps and articles about them were read and their key features to understand exactly what each app brings to the table were documented.


[bookmark: _Toc70001197]2.5.1 Analysis Table
While the more prominent apps will be further analyzed, here is an index of how the inclusion of the features will be documented and what each main category means: -
Scoring system:
Does not include: 0
Includes: 1
Heavily Includes: 2
Prioritizes: 3
Focus of App: 4
Categories:
Gamification: The transformation of learning into an interactive game, this can include but is not limited to: -
· Quizzes
· Interactive dialogue
· Word-image association
Gamification should also not only reward the user with the information giving from completing tasks, but it should also provide superficial rewards to immediately spark gratification in the user and inspire them to come back.
Daily Learning Goals:  The inclusion of a calendar system with the app recommending how many/which lessons the user should complete each day.
Structured “Lessons”: The grouping of individual topics into broader groups linked by a theme that can be completed in a single setting.
Extensive Additional Resources: Outside of the app’s main form of teaching, the app includes additional material to indulge in if the user desires to further their knowledge of a language.
	App Name
	Gamification
	Daily Learning Goals

	Structured “Lessons”
	Extensive Additional Resources
	Additional information

	Duolingo
	4
	2
	2
	3
	· Feature: Achievements and “experience points” for user gratification

	Busuu
	2
	2
	4
	0
	· Feature: Organizes lessons based on topics
· Feature: Tests to evaluate skills to recommend a starting point
· Feature: Expansive quizzes based on common phrases and dialogue
· Feature: Options for “full language” and “travel language”

	Babbel
	0
	1
	3
	2
	· Flaw: Quantity and quality vary drastically based on the language selected.
· Feature: Considered to be more challenging than other apps.
· Feature: Podcasts available for some languages.

	HelloTalk
	0
	0
	0
	0
	HelloTalk opts to not teach at all, but instead to link you up to a native speaker of your selected language and you can learn organically through interactions with them.

	HiNative
	0
	0
	0
	0
	HiNative opts to not teach at all, opting instead to create communities of speakers based around asking and answering questions regarding languages and countries

	TripLingo
	0
	0
	0
	4
	TripLingo is less of a language learning app and more of a practical translator, offering an extensive phrasebook, a live voice translator and a live image translator.

	Memrise
	3
	1
	4
	0
	Memrise does not offer any distinctly unique features

	AnkiApp
	1
	0
	0
	4
	Anki app is based around using flashcards to teach users facts, it is not primarily a language app, but language is a big part of it.
· Feature: Full community integration with user-made flashcard sets
· Feature: User Feedback based system which reinforces the user’s weak words and stops showing their stronger words
· Flaw: No direction, user must take the initiative to learn the language, unguided.

	The Mindsnacks Series
	4
	0
	1
	0
	· Feature: User Feedback based system which reinforces the user’s weak words and stops showing their stronger words
· Flaw: Different languages require completely different apps as opposed to 1 universal app



[bookmark: _Toc70001198]2.5.2 Duolingo
As stated previously, Duolingo is the most downloaded and used language teaching app currently available, because of this, it is important to discuss it in depth. To perform this analysis, the author downloaded the app to his phone and began learning Japanese. For clarification, the author is using the free version in dark mode and he has no impairments that would affect how he would use the app. Unless specified otherwise, the screenshots in the section are all supplied from the Duolingo app on his phone.	 
Aesthetics
 (
Figure 
5
:The Duolingo Bird, alongside another example of 
“flat illustration
". Photos compiled by author.
Duolingo bird: 
https://www.invisionapp.com/inside-design/duolingo-redesign/
Right hand art: 
https://www.instagram.com/p/Byh4YVyHYYT/?utm_source=ig_embed
)[image: ]Duolingo is comprised mostly of simplistic shapes combined to form vibrant vector-Esque visuals. This style, characterized as “flat illustration”, is incredibly popular with companies and brands in the modern day due to it being generally easy on the eyes and visually appealing while also being incredibly easy to produce and create using modern software and technology [25]. A study looking into the importance of aesthetics in beckoning people to partake in learning courses found that viewers and passersby are more likely to be drawn in and engaged by media that includes modern trendy art [26]. The study also finds that the use of “appealing” art is less effective if the user is exposed to more bland minimalistic styles before being shown appealing art so teachers should make sure that…
“…the environment of the study should be selected with care, too” [26]

As Duolingo is an app as opposed to an institution of learning, like a university, it cannot influence the area surrounding the pupil during the study, the most effective way to circumvent this issue would be to have this aesthetic be used consistently throughout, which the app does seem to do from the author’s experience with it.
Gamification
Gamification is the heart and soul of Duolingo, as stated on their website, Duolingo has…
“Gamification poured into every lesson.” [27]
 (
Figure 
6
:Duolingo Level-up
)[image: ] (
Figure 
7
: Gaining XP in Duolingo
)[image: ]But how exactly has Duolingo gamified the process of learning a language? Well, its processes are simple but consistent in every aspect of its design. First off, the game includes an “Experience Points” (henceforth known as XP) system. XP is gained as you complete exercises, XP is used to calculate a user’s “Level” (a figure representing their total XP) and to fill in the daily goals, an XP boundary that Duolingo recommends the user reach every day. Upon reaching level 3, the user unlocks the app’s leaderboard, where users compete in a race to see who can obtain the most XP, players are placed in “Leagues”, comparable to how competitive games (Street Fighter V [28], League of Legends [29] and Valorant [30]) rank their player-base [31].
[image: ]The app also features a “streak” system, where the game keeps track of how many days you have used it in a row. While not inherently rewarding the player with anything, its existence does incentivize the users to maintain it, as the joy of watching a number increase as days go by does seem to be captivating to some, with Duolingo themselves documenting their success with the system [32].
 (
Figure 
8
: Example of a "set"
)Lessons are organized into “sets”, each, at first, taking 2-3 minutes to complete, this allows users to quickly access a group of questions that have a decisive finale, instead of answering a seemingly endless supply of theory quizzes with no superficial reward.
 (
Figure 
10
: Duolingo Bird in an alternate outfit
) (
Figure 
9
:Duolingo Heart refill screen
)[image: ][image: ]Duolingo limits its users by how much they can play by giving them a number of “hearts”, getting questions wrong causes the player to lose a single heart, with losing all hearts making them unable to proceed with further challenges until their health recharges. Health can recharge either by waiting or by purchasing more with real money.
Playing the game also awards the player with gems that can be used to either buy power-ups or outfits for the Duolingo bird, giving him access to different apparels.
Accessibility
[image: ]To maximize the number of users using the app, a developer should make software accessible to as many people as possible. This involves those who are afflicted with disabilities and impairments and those facing financial problems. Duolingo shows some efforts in inclusion, however, from the author’s experience, it is not nearly enough.
For those with visual impairments, the buttons for selection are, for the most part, large enough to see clearer and the app offers both a light and dark mode for visuals, giving the user control of the general lightness of the app. The app also uses simple shapes and colours to make up a majority of the artwork, making the drawings easy to identify and distinguish between.
 (
Figure 
11
:Example of a Duolingo Exercise with Large Buttons
)[image: ]Unfortunately, from the experience the author has had, the app does very little to help those with hearing deficits. There are certain games available where the game will directly prompt the user to select the option that sounds most like the pronunciation of the word on the screen. This task would be incredibly difficult to accomplish with hearing troubles and there doesn’t seem to be a text alternative. There is an option to deactivate “listening exercises”, which one can assume deactivates challenges like this…however, the “listening exercises” feature was deactivated to test what exercises disappeared, and the example listed before was one of the first to appear, meaning it is either a bug with the app or the install tested, or that exercise is not classed as a “listening exercise”, despite listening being core to its completion.
While Duolingo is a free-to-use application, it does include a subscription service known as Duolingo plus(henceforth known as D+). D+ is sold in 3 different packages: - 
 (
Figure 
12
:Duolingo Plus subscription screen
)1 month, costing £12.49.
6 months, costing £47.99
12 months, costing £149.88, offered at a discounted price of £80.39.
Duolingo pushes the yearly subscription as their “Most Popular” option, opting the user to pay more in the immediate moment but costing less in the long run. As a user D+, the user gives access to unlimited hearts, downloadable lessons, allowing users to access courses offline, the [image: ]ability to repair a broken streak once a month and deactivation of all in-app ads. On the free version, ads will occasionally appear between lessons, either in the form of buyable ad space or direct adverts for D+. While the ads may appear annoying, in the author’s opinion, they are widespread and short enough to not be bothersome. The other benefits seem like luxuries but it also would seem like they disincentive users from focusing on improving. The lack of hearts takes away the main threat of not getting questions correct, which could  (
Figure 
13
:Example of Ad appearing, ad content obscured by author
)lead to the user worrying less and, as a result, absorbing and retaining less information. 
[bookmark: _Toc70001199]2.5.3 Busuu
From the research dome, it seems that Busuu is an app worth researching and discussing further. To perform this analysis, the author downloaded the app to his phone and began learning Japanese. For clarification, the author is using the free version in light mode and has no impairments that would affect how he would use the app. Unless specified otherwise, the screenshots in the section are all supplied from the Busuu app on his phone.
Aesthetics 
 (
Figure 
15
: Example of Busuu's activity screen
) (
Figure 
14
: Busuu's flat illustrations
)[image: ][image: ]Busuu is comprised of simple colours and shapes, much like Duolingo, however, while Duolingo favoured a cartoonish approach, Busuu instead uses images of real people. This gives it an approach that can be perceived as more boring and plain, but it can also give it a more professional aesthetic. And while the menus are full of colours and images and sometimes the “flat illustration” style used in Duolingo, the activity pages are simplistic, making it easier to digest all the information on the screen. This approach, however, does breach the warning of the previous study into aesthetics as Busuu presents the minimalist style to the user first, making the user less likely to enjoy the “flat illustrations” [26].
Gamification
 (
Figure 
18
: Activity 1 of Lesson 1
)[image: ]Busuu separates its activities into groups based on topics. For instance, the first sets in the Japanese section are all about introducing yourself and making introductions to others. The lessons themselves are constructed around showing a small and easily digestible activity first and then building on it. For Example, the first lesson begins with the Japanese translation for “Hello” and from there, it teaches the user to introduce themselves and make pleasantries to others. The app also offers reminder hints to help users solidify the words in their memory.
[image: ]As a user completes exercises, they are awarded stars. The app includes a daily goal of stars earned for the user to maintain consistency. Unlike Duolingo, the app has no electronic currency obtained by completing goals, so the reward is entirely personal.
 (
Figure 
19
: Busuu Daily Goal screen
)Like Duolingo, Busuu also has a league system where players are rated based on how many stars they have earned, with the leaderboard using the competitive league system discussed earlier. 
Busuu also offers a stats screen, where you can see how many words the app believes the user has learned and to what degree.
Accessibility
On the visual side, Busuu offers both a light and a dark mode for users to freely pick between to make the app easier on the eyes in different environments. However, in terms of accessibility, this app is truly lacking. Exercises that use the device's microphone can be skipped, but there are no other accessibility features included. Buttons on the screen for activities can range from large to small, with the buttons normally being on the smaller side. The app was used for 3 hours and no more accessibility options became available, meaning they are either not present or accessible so late into the use of the app that it’s unreasonable to expect anyone who needs the options to progress that far.
 (
Figure 
21
: Busuu Premium+ Store Page
) (
Figure 
20
: Busuu Premium Store Page
)[image: ][image: ]While Busuu itself is free to use, it offers 2 paid subscription services, Busuu Premium and Busuu Premium Plus (Henceforth referred to as BP and BP+). While BP offers additional features (Native speaker practice, downloadable offline lessons, lessons in grammar and a trainer for vocabulary), it is advertised as the more “casual” of the two bundles, with BP+ by default being considered the more hardcore offering personalised goals, customised content and a customised plan based on your initial answer to the question “Why are you learning ___” that you receive upon selecting a language, in addition to the connection to native speakers. 

[bookmark: _Toc70001200]2.6 A look at Development Software
When creating a plan to develop a piece of software, eventually you will have to decide which software development software you will use to create your project. In this section, development software will be compared to one another before a decision is made on which will be used.
[bookmark: _Toc70001201]2.6.1 Unreal Engine 4
Overview
Unreal Engine (henceforth referred to as UE) is one of the most popular engines used for Game development. Regarding games on the Personal Computer (henceforth referred to as PC) game client Steam, a platform with over 8,000 games and 20 million users [33], a blog post was created to see what engine is the most popular for game’s development. The blog found that of the 49,281 items (including expansions and downloadable content for existing games), they were able to find engine information 15% of the list. In this list, they found that games using UE made up 25.6% of the known items as of 2019 [34]. Since it makes up the known majority of titles on a client as big as Steam, it is worth considering as a potential development platform.
UE 4 is the latest iteration of UE; the engine was created by Games Company Epic Games. After initially being released under a subscription service in 2014 [35], it was re-released for free in 2015 [36].
Features
· [image: ]Unreal Engine Uses C++, a language that allows for use of pointers and can be used on any platform, and can create a stand-alone app, where languages like C# cannot use these features [37].
·  (
Figure 
22
: UE4 Flow Control Chart.
Source: https://docs.unrealengine.com/en-US/Engine/Blueprints/UserGuide/FlowControl/index.html
)Outside assets (.jpg, .png etc.) are easily importable and can be added to a project without hassle.
· Contains coding flowcharts, making the coding process easier to use for non-coders.
Ease of Use
While the bulk of progress in a UE game is completed in the C++ coding language [38], UE4 also uses a scripting system known as “Blueprints”, designed to bridge the gap between artist, programmer, and designer [39]. In an interview with Kotaku [39], Alan Willard described the Blueprints system…
“I could say: 'I'm going to convert this pillar into a blueprint [in the Engine] and add some sort of trap to it.' It means I can really go in and start enhancing my world with interaction that just would not have been possible without a technical artist, a designer and a programmer and now any one of those three can do all of it, provided they have the assets handy. The fact that I can just go in and say, 'If you're within X distance of this thing, start to glow and take my distance to it, normalize it zero to one and then just lerp [oscillate] between two different brightness values, so as I reach for something it gets hot'...that would have been something do-able but very difficult for anybody except a gameplay programmer. And he wouldn't have known how to set up the assets, but now any one of the three could do it.”
As there is a significant chance the project will be developed for a mobile device, it is important to mention that UE includes extensive documentation for mobile development [40], allowing the author to quickly study up on how things are done and begin development. However, UE4 doesn’t support development on Windows Phones.
 The author has no intention of making a fully 3d project, therefore, the ease at which 2d projects can be created is relevant. Unreal allows you to create 2d games by placing all your assets along the same X, Y or Z axis, meaning it is not truly 2d, it’s just simply not using all 3 dimensions of space available. 
[bookmark: _Toc70001202]2.6.2 Unity Engine
Overview
Unity Technologies’ Unity Engine (henceforth referred to as Unity) is the second most popular engine on the Steam client, according to the previously mentioned blog, it makes up 13.2% of the known list as of 2019 [34]. It was initially released in 2005 with the goal of, in the words of Marcos Sanchez, the head of Global Communications for Unity…
“Democratizing development—in our minds, we don’t think is the wrong thing, we think it’s the right thing,” says Marcos Sanchez, head of global communications for Unity. “You want more people understanding, and everyone’s gotta start somewhere.” [41]
While it was originally only available on Apple’s Mac Operating System, It is now available on Windows, the Operating System used for this project.
Features
· 2d mode and 3d mode, simplifying the process of making 2d games.
· Outside assets (.jpg, .png etc.) are easily importable and can be added to a project without hassle.
· Contains animation flowcharts, streamlining the transition between animation states.
· Uses C#, a simplistic language with a flexible syntax.


Ease of Use
While Unity does not include any system similar to UE4’s “Blueprints”, C# was designed to be simple, making it easy to pick up and use [42], and once the language is learned, a user will be able to create and write their own scripts, meaning they can outdo what can be done in a UE4 Flow Control Chart.
In terms of mobile development, Unity can export programs to Android, iPhones, and Windows phone, meaning it covers all main mobile operating systems.
[bookmark: _Toc70001203]2.6.3 Conclusion
In summary of this section, students don’t find conventional language teaching methods engaging, there isn’t a significant difference between online and in-person lectures, students prefer allocated time for studies, as opposed to an “always-on” approach and there is no significant advantage to either learning as a group or learning alone.
Many of the main apps in this genre utilize minimalistic aesthetics and simple shapes due to their easiness on the eyes. They also utilize some form of reward system to keep users coming back to the app.
Following the research that has been conducted, it has been concluded that while both pieces of software are suitable for the task, Unity would be the best choice for this project, for the following reasons: - 
1. It supports all main mobile operating systems making it a better choice for an app.
2. Dedicated 2d mode allows users to simply use 2 dimensions to create the project instead of using the indirect method provided by UE4.


3. [bookmark: _Toc70001204]Research Methodology
3.1 [bookmark: _Toc70001205]Philosophy
When designing and developing software, it is important to consider what development philosophy the developer will adhere to. In the case of this project, learning a language is difficult enough with a study finding that it is nearly impossible to gain full fluency after picking up a language after age 10 [43]. This means it would be advantageous for the app itself to have as flat of a learning curve as possible, therefore there will be elements of the Principle of Least Astonishment in play, where the expectations of the user are adhered to as close as possible (Exit button exits the program, for instance) [44]. While the designing of the app will follow a positivist based on the data obtained throughout the research, due to time constraints, the project itself will be following the “You aren’t going to need it” approach, where features are added as they become necessary and only what is needed is considered [45].
In terms of general philosophy, the author is entering this task with a Phenomenological approach, suggesting that due to the diverse ways the world is experienced by diverse people, there is no true “correct” answer on how to teach someone a language and that the purpose of this project should be to discover more ways to do so efficiently.
3.2 [bookmark: _Toc70001206]Strategy
 (
Figure 
23
: 
Foreign Service Institute
 language difficulty map.
Source: 
https://www.openculture.com/2017/11/a-map-showing-how-much-time-it-takes-to-learn-foreign-languages-from-easiest-to-hardest.html
)[image: ]“The Research Strategy” (RS) provides coherency to how we attempt to achieve our goals. For this project, it will be how we tackle the project title. Some of the more well-known strategies are simply too time-consuming to be considered reasonable, for example, the Experiment Method [46] requires that a series of experiments be done where different variables are isolated to discover what exactly needs to be improved to improve a product or process. For a smaller project, this could be an effective way to conduct research, however, seeing as the process is learning a language that can, according to the Foreign Service Institute, take anywhere from ~24 weeks to ~88 weeks of dedicated studying, depending on the language attempting to be taught, it is impossible to create enough experiments and tests to find the core factors and develop the program in the time given.
RS instead proposes that solutions and development are fueled and guided by empirical evidence, analysis, and data [47]. The time needed to develop is dramatically reduced compared to strategies like the Experiment Method, and it can be far more helpful in the long run as if the project fails, it can be used as an example to question the data it was based on to further perfect the research and findings it was based on. The only considerable downside is the time and effort needed to conduct the research and conclude based on it. It is contended that due to the time factor, the fact that it is based on proven data, improving its odds of success and the fact that the research is already needed for this report, that it is the optimal strategy to pursue the project. 
3.3 [bookmark: _Toc70001207]Approaches
In the world of Research Approaches, there are two main types, deductive, where your approach is based on existing theory, designed to test it. And inductive, where your approach is to take existing data, analyze it, and then develop a theory around it [48]. As this project seeks to provide a new approach to the world of language learning software based on existing data and analysis, it would be considered inductive.
3.4 [bookmark: _Toc70001208]Data evaluation method
This project faces a unique problem, that being that during its development, COVID-19 has caused his university to close and his country to go into quarantine, this makes it difficult for him to enact his original plan of organizing a diverse group of playtesters who would use and evaluate every version of the program and give feedback on their unique problems with the program. A quarantine adapted version of this plan would be to create an online group of playtesters, however, that comes with new issues, with it being time-consuming to upload and distribute every new version of the app and the very real possibility of the program not functioning on a playtesters machine for reasons unrelated to the program. Therefore, the project will instead be evaluated by himself, those in his household and his supporting lecturer, as it will be simple to keep them involved and the online interaction is kept to a minimum.
As far as the evaluation itself, the author will explain what he wants the design to achieve later in this document, the evaluation will be based on how well the criteria have been met according to the playtesters.
In August, the author contacted and interviewed a translator and Welsh teacher based in Patagonia named Anwen Harris, in the interview Harris reinforces that it is harder to learn a language as an adult (Please See Appendix A for Extracts) she also offered the observation that not only is the brain simply worse at learning during your later years, but also the commitments that adults have could halter their progress.
She also mentions that Welsh specifically is a difficult language to learn due to its unique “mutations” in speech and writing. She does note however that due to people having a grasp of a language already, the mutations can be simpler to learn, but they are still difficult to pick up. She also offers the advice that the most effective way to teach someone a language is to constantly speak that language to them so that they not only pick it up through study but also a form of cultural osmosis.
The final piece of advice she gives, and the one she places the most emphasis on, is to encourage the students to socialize with each other as often as possible, as the learning process becomes much cleaner and easier if it is done in groups.
3.5 [bookmark: _Toc70001209]Development Methodology
To create a program efficiently, it is important to have a methodology to adhere to to ensure progress. While the app designed in this project is large in scope, only a small portion of it will be created, and to account for this, a methodology will be needed that can create a small piece of software as quickly and efficiently as possible. The Extreme Programming Method (henceforth referred to as XPM) is proposed as a method to fulfil a vague goal (in this case, the working title) with a heavy emphasis on rapid developing, testing and adaption via feedback (in this case, the author himself testing and the feedback of himself, his family, and his supporting lecturer).
A 2005 report documenting XPM also points out that this method has several vocal supporters however empirical evidence of its success is sparse [49]. This report asks that more research be done into this method, but even though there is a lack of later studies to validate its use, a report in 2008 [50] queried major software development companies as to their opinions on agile methods (including XPM), this report found that the companies have been successful in integrating these methods and they are appreciated once applied in practice. This does justify its use here.
Another option is the Evolutionary prototyping method, in which the team creates a prototype, receives feedback from an outside group, and then adapting the prototype based on feedback received.
Unlike the alternatives of rapid and throwaway prototyping, in Evolutionary prototyping, the developer begins with the best-understood requirements, wherein the alternatives, you begin with the least. [51]
In a 2006 study, the authors discuss the efficiency of Evolutionary prototyping in a system to assist teachers in Shanghai, they conclude that it increased not only the quality of the project but also the knowledge base of the designers [52].
Due to the nature of a one-man team, the nature of the project being software-based and his connection to professional developers and language experts through the previously mentioned teacher and university staff, the author believes that this system would be incredibly effective in the development of the project.


[bookmark: _Toc70001210]3.5.1 Hardware / Software 
To develop a piece of software, hardware and software are themselves needed. Below is a list of all the equipment that will be used and its justification: -
· Unity Engine: This will be the game engine used to develop the software.
· Visual Studio 2017: Unity requires a software backend for code.
· Samsung Galaxy S3 Mini: A small mobile device to test the software in an outside environment.
This project does not require many resources as the majority of the work is creating the software itself, therefore all that is needed is the software to create it.
3.6 [bookmark: _Toc70001211]Conclusion
In summary, the author will attempt to create this program with user expectations and needs as the primary driving force, with features being added based on their necessity. “The Research Strategy” will be employed when developing. This project will be considered inductive as it seeks to provide a new approach to learning. Its success will be based on the comparison to the original criteria as assessed by testers and the author himself. Evolutionary prototyping will be used due to its efficiency. And finally, the list of materials needed to complete development is comparatively low, due to it being software.

4. [bookmark: _Toc70001212]Development
4.1 [bookmark: _Toc70001213]The Translator Table
[image: ] (
Figure 
24
: A small excerpt from the list
)For the translator and button question game, the app makes use of a CSV file that contains the top 5000 most used English words (according to https://www.wordfrequency.info/free.asp, with some words added manually by the author for testing purposes). While the list may not be 100% accurate, the author doesn’t think it to be relevant as it’s simply a database of words that he can use to build a proof of concept. The table is formatted into 2 columns, English word, and welsh translation. 
This table is referred to as “the CSV file” when referred to in the document.
4.2 [bookmark: _Toc70001214]General Notes
[bookmark: _Toc70001215]Iteration 1
All pages are updated with more navigation link buttons as more pages are added. 
[bookmark: _Toc70001216]Iteration 2
 (
Figure 
25
: Code demonstating random Hue generation.
)[image: ]Even though this project is simply a proof of concept, not a final project, the author initially decided to add a simple pastel pink background to all pages, making them easier to see while remaining easy on the eyes. He then decided to generate a random pastel colour on every change instead as the computational time is minuscule and it adds a bit of variation to the application as you browse through it. This is done by taking the Saturation and lightness values that will be used for the colour, generating a random hue for the colour and changing the colour of the background. Colour values are given as values between 0 and 1, so “Random.value”, a function that generates a random number between 0 and 1 is perfect for this.
All pages now no longer show the game if a profile is not present, instead of showing the block message that originally appeared exclusively on the profile page.
[bookmark: _Toc70001217]Iteration 3
The project now runs on Unity’s Android Build mode, meaning it will work on any android device after being built, despite this, the project forces landscape mode, meaning it will not appear different visually.


[bookmark: _Toc70001218]Iteration 4
 (
Figure 
26
: Comparison of the 3 different colour styles
)[image: ][image: ][image: ] (
Figure 
28
:Excerpt from new Colour System
)Building upon the colour program in Iteration 2, the author decided to employ some basics of colour theory [53] to make the app more aesthetically pleasing. Now when the background colour is generated, items labelled as buttons and panels are also coloured with a colour that is either complementary, analogous to the right or analogous to the left, depending on their selection in the settings menu.
 (
Figure 
27
:Light and Dark Mode
)Also, by the research conducted earlier, the app offers a prebuilt light and dark mode. This was done to offer 2, easy to see, consistent options for people with visual impairment or simply prefer consistency.
[bookmark: _Toc70001219]Iteration 5
In this iteration, all the score building games were updated to account for the new “InSelectedHour” system. Also, a Cog icon was added to every non-setting page, clicking it leads to the settings menu.
[bookmark: _Toc70001220]Iteration 6
 (
Figure 
29
: Expanded menu
)[image: ] (
Figure 
30
: Question Time Screen with new menu button
)[image: ]In an attempt to save screen space, the transition system was reorganized. Now, instead of the scene transitions appearing on the bottom left and the settings cog appearing on the top right, a new menu button appears in the top left of every scene. When this button is pressed, time is paused, the screen darkens and a menu containing all the transition buttons is revealed, pressing the menu button again causes the menu to disappear, time to resume and the screen to re-lighten. 


4.3 [bookmark: _Toc70001221]Translator Tool
[bookmark: _Toc70001222]Version 1
At the beginning of the program, the CSV file given is turned into a 2d array containing both English words and their Welsh translation.
The entire grid is then outputted into the debug log so developers know that it was imported correctly.
 (
Figure 
31
: Translator page in editor
)[image: ]The user can then type in a sentence in the input field on the program. Once they click a button, it is submitted.
Once the submit button is pressed, the input field is split into an array, where each item in the array is a word in the input field.
The system will test to see if the sentence is “valid”. A sentence is invalid if it breaks any of the following rules: -
· It contains no characters.
· It contains a word that is not in the database.
These rules are checked as the program progresses naturally.
The system loops through each word in the sentence array, checking if it is in the database, if it finds it, it saves the coordinates of the word and moves to the next.
Eventually, all the words in the sentence are saved. The system will then attempt to perform any mutations by checking the previous word in the sentence and searching for a preface that would require a mutation. The type of mutation depends on the preface.
If a word is mutated, a separate function edits the word to be accurate, it is then sent back.
If a word is comprised of digits, it skips the mutation check altogether.
Finally, every word in the array is added to a single string and that string is outputted, resulting in a sentence translation.
If any rules were broken, the sentence is not outputted.
[bookmark: _Toc70001223]Version 2
Buttons were added to navigate to the other scenes.


[bookmark: _Toc70001224]Version 3
 (
Figure 
34
: Translating a correct sentence
)[image: ]In previous versions, the outputs were put into the debug log, now, a string outputs the result on the screen.
 (
Figure 
32
: Showing invalid words
)[image: ] (
Figure 
33
: Leaving the input blank
)[image: ]

[bookmark: _Toc70001225]Version 4
 (
Figure 
35
: Feedback list from translator
)[image: ]After discussing and testing the app with his sister, a translator for the Welsh council, the translator tool was updated to include more correct sentence structures. She also pointed out that sometimes, words would have unconventional translations. For instance, the word “charge”, instead of more common usage, like “gwefri”, which would be used in the context of charging a device, the translator would output “arwystl” which is only used in the context of mortgage payments. This and similar words were then changed. While the problems here can be fixed, just to prove that it can be done inside of the system, due to the complexity of both languages, it is out of scope to fix every single structure error in the translator.
 (
Figure 
36
: Screenshot of t
he sentence structure switch statement
)[image: ]The new system looks at every word in the sentence, looks at the next word, and then checks if the combination of the words would result in something that requires a change, this is done through a series of switch statements that check the content of the words using 2 variables “context”, representing the next word and “contextPrev”, representing the current word. 
[bookmark: _Toc70001226] (
Figure 
37
: Screenshots of Translator code
)Screenshots

4.4 [bookmark: _Toc70001227]Button Question Game
[bookmark: _Toc70001228]Version 1
On boot, a random number is generated between 0 and a variable representing how many entries are in the word library given by the CSV file. The number generated is then saved as our “Question word”, its Welsh Equivalent will be our “Answer word”. The string at the top of the page is edited to show the “Question word”. This page contains 4 buttons that the user can click.
Another random number is generated, this one is between 0 and 3. The “Answer word” is then assigned to the button equal to the number generated, another 3 random numbers are generated between 0 and the library variable. 
The system continues generating numbers until it has 3 that are not equal to either the Question word or each other. Once it has these numbers, it assigns the words correlated with them to the buttons.
The final result of this is a setup where one random button is labelled with a correct answer, and the rest are labelled with random, incorrect answers. 
Words are pulled using a function that takes both an index number (the numbers generated) and the language the developer wants (“Eng” for English, “Wel” for Welsh).
The system asks the user to find the correct translation.
Once a decision is made and a button is clicked, the system compares the text on the clicked button to the correct answer, if they are the same, a point is given to the player via a score variable, the score on the screen is updated and the process begins again. If they are not the same, a point is reduced, and the user continues until they click the correct button. 
[bookmark: _Toc70001229]Version 2
 (
Figure 
38
: PlayerPrefs in implementation
)[image: ]The scoring system was adjusted to account for the new PlayerPrefs (henceforth known as Global Variables) system. Buttons were also added to navigate between scenes


[bookmark: _Toc70001230]Screenshots
 (
Figure 
39
: Screenshots of the Button Question Game and its code
)

4.5 [bookmark: _Toc70001231]Sentence Test Game
[bookmark: _Toc70001232]Version 1
On boot, a random number is generated between 0 and the number of pre-prepared sentences in the pool. Once a number is spun, the equivalent sentence is saved in both English and Welsh.
The player sees the sentence in the text box and attempts to translate it.
Once they click the submit button, the answer they’ve placed into the input field is compared to the answer in the sentence database, if they are the same, a point is added, and a new question is spun.
If it is incorrect, a point is reduced, and the player tries again.
Buttons are available on the scene to transition to other scenes.


[bookmark: _Toc70001233] (
Figure 
40
: Screenshots of the Sentence Test and its code
)Screenshots

4.6 [bookmark: _Toc70001234]Profile Questionnaire
[bookmark: _Toc70001235]Version 1
This system involves a new profile system that stores details given by the user, this page is responsible for getting those details.
On boot, the system checks if is a profile already registered on the system, if there is, the questions deactivate and a text field explaining that there is already a profile appears.
If not, a series of questions spawn on screen. The user can answer the questions by filling in the corresponding input fields.
If at any point the user presses the clear button, the data in the fields are deleted. 
If the user presses the submit button, the information in the fields is saved to the Variables and the page is reloaded.
Buttons are available on the scene to transition to other scenes.


[bookmark: _Toc70001236]Screenshots
 (
Figure 
41
: Screenshots of the Profile Questionnaire page and its code
) 

4.7 [bookmark: _Toc70001237]Profile
[bookmark: _Toc70001238]Version 1
The system displays the information given in the Questionnaire section here.
On boot, the system checks if there’s a saved profile, if there isn’t, a text field appears asking the player to fill out the questionnaire.
If there is, the page displays all the stats collected on the screen.
If the user presses the delete button, a prompt appears on the screen asking them to confirm.
If the player confirms, the profile is deleted, and the page reloads.
If the player doesn’t confirm, the box disappears.
Buttons are available on the scene to transition to other scenes.
[bookmark: _Toc70001239]Version 2
An extra line was added to this page, showing the hour that the user selected to play, and how close they are to achieving their point goal.


[bookmark: _Toc70001240] (
Figure 
42
: Screenshots
 of Profile and its code
)Screenshots
4.8 [bookmark: _Toc70001241]Settings Menu
To allow for customization, a settings screen was created. This screen contains the following features: 
[bookmark: _Toc70001242]Palette Shifting
[image: ] (
Figure 
43
: Cycling Switch statement
)[image: ]As mentioned in the above section, the program support palette customization, palette selection is done with 2 buttons, one selects the mode and the other, if the mode is set to “Random Pastel”, appears and cycles through the 3 randomization options. This setup is achieved with a switch statement that cycles through states and changes the button text with every click. 
[bookmark: _Toc70001243]Exit Button
This page also includes the exit button when clicked, the button checks what state the app is in (Unity Editor mode, true build, etc.) and then executes the necessary function to quit the application. 
[bookmark: _Toc70001244] (
Figure 
44
: Exit Function
)Back Button
 (
Figure 
45
: Go Back Function
)[image: ]This page, unlike every other page, does not contain the navigation list, it instead contains a simple back button. When any page navigates to the settings menu, the system saves the name of the last visited page, the back button simply returns you to that page. 
[bookmark: _Toc70001245]Hour Selection
To mitigate the “Always On” issue mentioned earlier, the settings screen features an input box that allows the user to enter the time they would like to play in the “##:##” format, once they have clicked the submit button, the system first checks if their input complies to that format, if it doesn’t it deems it invalid, if it does, it saves it as a global variable to be used by the “TimeManagement” (henceforth referred to as TM) script.
In the TM script the system checks if the date is the same as the current date, if it isn’t, it corrects that. Then, on a fixedUpdate timer, it checks if the current time is between the submitted time and an hour after the submitted time, if it is, it sets the global variable “InSelectedHour” to 1, telling all the score counting games to also count points received in that hour.


[bookmark: _Toc70001246]Screenshots
 (
Figure 
46
: Selected Time Code
)[image: ] (
Figure 
47
:Settings in Pastel Mode
)[image: ]

[bookmark: _Toc70001247]4.9 Profile Question Game
[bookmark: _Toc70001248]Version 1
This is a modified version of the sentence test game, with the key differences being that the questions are in Welsh and that the answers are based on the answers given during the profile creation process. The game follows the same scoring and question generation system as the sentence test using an array of questions and an array of answers with a random number being generated to decide which is picked at any given time.


[bookmark: _Toc70001249]Screenshots
[image: ]
Figure 48: Main screen for the Profile Question Game


4.10 [bookmark: _Toc70001250] Dialogue Roleplay Game
[bookmark: _Toc70001251]Version 1
 (
Figure 
50
: Scenario Select
)[image: ] (
Figure 
49
: Example of Dialogue
)[image: ]As mentioned earlier, exercises help users learn, so, a roleplaying game where the user can interact with a dialogue tree was implemented. On boot, the user will be presented with a choice of 2 scenarios, a coffee shop and a library, clicking one of the two options calls the scenarios function, opening up a separate set of buttons, where a line of text prompts the user to respond with one of 4 prebuilt responses. Clicking one of those buttons changes both the prompt and the text on the 4 buttons, depending on whichever dialogue state the dialogue is in and the state the dialogue will send it to, this is determined by both a switch statement that decides which dialogue is shown, and a variable named “scenarioNum” which directs the switch statement and is changed with each button press. At the end of the dialogue, a final button appears which grants the user 5 points and takes them back to the scenario select screen.
Using this system, it’ll be possible to add and create as many scenarios as you want, as long as the same system is followed, with each scenario being given its own function and utilising the switch statement and “scenarioNum”. 


[bookmark: _Toc70001252] (
Figure 
51
: Dialogue tree switch statement
)Screenshots
 (
Figure 
52
: Scenario Select Function
) (
Figure 
53
: Button click functions
)[image: ][image: ][image: ]  

4.11 [bookmark: _Toc70001253] Space Shooter Game
[bookmark: _Toc70001254]Version 1
To introduce a more traditional gaming experience to the app with a learning twist, a spelling focused space shooter, akin to classics like Galaga [54] or Asteroids [55] was implemented. In this game, a random word from the database mentioned earlier is pulled, it is then displayed on the screen with the preface “Spell this word in Welsh:”. Seeing as words can have multiple translations, The game also shows how many letters long the word is, represented by the character “-“.
Asteroids will begin spawning from the top of the screen, from a random place, going at a random downward direction at a random speed with a random amount of spin. Asteroids are spawned on a set timer. Each time an asteroid is spawned, it is given a letter, to do this, the system checks which letter is needed next, then it spins a random number between 0 and 3. If the spun number is 1, the asteroid will spawn with the needed letter, if not, it is spawned with a random letter of the alphabet. This process is to assure that while not every asteroid will have the letter needed, it does have a significant chance of showing up over random letters.
It is the player's job to use the 3 buttons on the user interface to move the ship and shoot lasers from it. Movement is handled by having a set variable called “speed”, if a directional button is being pressed, the ship will move in that direction at that speed. The Shoot button spawns a laser at the tip of the ship, shooting upwards. Both lasers and asteroids delete themselves once they go off-screen. The ship, lasers and asteroids all have collision boxes. If an asteroid combines with the ship, the asteroid is deleted and the player loses one of their 3 lives, if they lose all 3, they lose points, and the word is reset. If an asteroid collides with a laser, the laser and asteroid are both deleted, and the letter allocated to the asteroid is saved.
The system then checks if the letter on the recently destroyed asteroid is the word needed to continue spelling the word, if it isn’t the player loses a life and feedback is given via text. If it is, the next letter in the word becomes the needed letter and the help dialogue is re-displayed, with previous letters being revealed instead of being replaced by “-“.
Once the entire word is spelt out, the player is given points, their health is reset, and a new word is generated.

[bookmark: _Toc70001255][image: ] (
Figure 
54
: Space Game Screenshots and Code
)[image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ]     Screenshots

[bookmark: _Toc70001256]4.12 User Feature Testing
Due to COVID-19’s restrictions on the way the UK operates, the scope of testers available was incredibly limited, for this, the in-person testing group was comprised of a single member, his sister, a Welsh translator for the council, as mentioned earlier in section 4, she pointed out some of the system’s flaws and offered suggestions on how to fix them, however, she did also enjoy the game and it’s simple point system, even to the point that despite the author urging her to continue testing the various features, she would hold back and continue playing, simply to earn more points.
However, through completing the app and making it compatible with android, the author was able to gather a few welsh speaking subjects outside of his household, send them the app and ask for their feedback without endangering their safety. These test subjects were all over the age of 18 to avoid conflicts of ethics.
This was done through a feedback form constructed for this project, designed to gather the thoughts of the testers. The form was constructed in such a way to gather information in a way that allows for a decent amount of diversity in answers while still making the data sortable via formula (means, averages, etc.).
[bookmark: _Toc70001257]Feedback Form
After accepting the results from the feedback form and inputting them into a database, here are the results were given: -
· All the testers were already Welsh speakers, half of which are native Welsh speakers.
· All of the testers were between the ages of 18 and 25.
· All the testers spent at least an hour on the game, with the top end being 2 hours.
· All of the testers found the game to be above average regarding fun, with the average score being 7.
· All of the testers found the game to be above average regarding its educational benefits, with the average score being 7.
· Except for 1, all the testers found that the Hourly Reward system was above average in its goal of incentivizing the player to play more, with the average score being 6.75.
· All the testers found the app aesthetically pleasing, with the average score being 8.25.
· Half of the testers stated that the Space shooter was their favourite feature, with the other half having different answers.
· Half of the users used Dark Mode, while the other half used the Pastel Randomizer.
· All of the testers gave a score above 5 when asking if they would recommend the app as a learning tool, with the average score being 7.5.
· When given the ability to make external notes, only one tester made use of the feature, mentioning that the Sentence game is too precise with its grammatical requirements.


[bookmark: _Toc70001258]Feedback Form Screenshots
[image: ][image: ][image: ] (
Figure 
55
: Feedback Form Results
)[image: ][image: ][image: ]

5. [bookmark: _Toc70001259]Evaluation
[bookmark: _Toc70001260]5.1 Conclusions
As this project was built around the enjoyment of a game and its academic benefits, both of which are either subjective or cannot be empirically proven without several tests and experiments, the likes of which are both out of scope for the limited time frame and made significantly harder to conduct during the COVID-19 epidemic (making test subjects complete an exam before and after significant time on the app, for instance). We can use the feedback forms as our form of analysis to conclude, from these, we can see that that not only does every tester think the app is above average when it comes to their enjoyment, the same is said for how educational they thought it was, with the only aspect being considered average, being one testers thoughts on the Hourly Reward system. From this, we can assume that, at least as a tool for reinforcing the language for people who already speak the language, the app is a success.
[bookmark: _Toc70001261]5.2 Literature Review
The final project does adhere to the findings found in the literature review.
· The literature suggests students don’t find conventional language teaching methods engaging.
· This App does not rely on conventional language teaching methods at all, instead of teaching through games.
· Students prefer allocated time over the “Always On” approach.
· While theoretically, the app can be played at any given moment for any given amount of time, the Hourly Reward system incentivizes playing for an hour a day.
· The main apps use minimalistic aesthetics and simplistic shapes to be aesthetically pleasing.
· Due to the research and the author’s limited skills in graphics design, all the assets are using this simplistic style and aesthetics. This style also works well with the colour altering system used for the Pastel Randomizer.
· Unity is the most suitable application for development.
· The application was developed using Unity.
[bookmark: _Toc70001262]5.3 Aims and Objectives
In this section, it was necessary to compare the finished project to the initial objectives, highlight where they succeeded, failed, and adapted from the original.
· Plan out milestones for learning.
· The system, unfortunately, does not include learning milestones, as the app pivoted away from a more lecture-based, educational approach to single instances of language reinforcement through gameplay.
· Create incentives for the user to continue playing.
· The Hourly Reward system incentivizes the player to play every day.
· Develop an intricate understanding of the language to accurately portray it.
· While the author already had an intricate understanding of the language due to his education, he also had feedback from his sister, a translator for the council.
· Create an aesthetically pleasing interface.
· The feedback from the testers suggests the game is aesthetically pleasing.
· Create an app that Targets Key Stage 3.
· Although this was the initial goal, and to some extent, aspects of this have been achieved, as in the end, as the idea of lessons fell out of scope. Also, the development took a route of looking into more customizable games that can be theoretically tuned to fit any audience.
In its current state, we could describe the current demographic as “Anyone capable of using an android device who is interested in bolstering their existing knowledge of Welsh”.

[bookmark: _Toc70001263]5.4 Expectations
Overall, these results were expected, seeing as the app was designed around the research done, using development methods suited well for the project, success was predicted.
However, as the project continued and features were being conceptualized and added, the idea of scripted lessons for the player to learn the language from scratch fell out of scope, while the author does regret not being able to add these features, as that was originally the goal, he is pleased with the status of the app as it can be used to bolster the understanding of Welsh to someone already familiar on some degree instead.
While this version is not catered exclusively for Key Stage 3, as was intended, this new form that the app has taken allows for a lot of customization. For example, if, in future development, the app was to be targeted exclusively towards a certain audience, the pool of words inside the Spreadsheet could be altered for that purpose, altering the games that use them to target that demographic as well. Meaning, with a slight amount of tuning, it could easily be catered for Key Stage 3.
Despite its shortcomings and changes, the author is still proud of this project and considers it a success.
[bookmark: _Toc70001264]5.5 User Personas
In this section, the author generated some potential users for the app. He will go over their personalities, what they’d want from a language learning app, and what their reaction would be to this version of the app.
For this, 3 personas were created using https://personagenerator.com.

[bookmark: _Toc70001265]Cassidy
Here is Cassidy’s user profile: -
[image: ]
Figure 56: Cassidy's User Profile
Personality
Cassidy loves to study Welsh in her spare time, she’s interested in the language and the culture and is looking for a way to put her studies into practice. 
While she wants an app that can enrich her knowledge of welsh culture, she is looking specifically for something to help her practice her independent Welsh study.
Reaction
Cassidy would be overall satisfied with the app, while it doesn’t offer any lessons in culture, it is what she’s looking for, as using the app in individual spurts would help with her sentence structure, spelling, and direct word translations, helping to improve her existing Welsh skills.
According to the test feedback, the app's aesthetics would also please Cassidy.

[bookmark: _Toc70001266]John
Here is John’s user profile: -
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Figure 57: John's User Profile
Personality
John is a man who likes his hobbies, he’s busy at work but is always ready to improve himself and teach himself new skills. His lens is now targeted at learning Welsh. 
He needs an app that can carry him through the process entirely.
Reaction
John would not like this app, it lacks the structure needed to teach a language from scratch. While the aesthetics of the app would not bother him, the nature of the app would bounce him off.
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Here is Mitch’s user profile: -
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Figure 58: Mitch's User Profile
Personality
Mitch is a man who was raised in the Welsh culture. He attended all schooling up to college in Welsh. However, he has not spoken the language since he left college. He now wants to reconnect with the language before it slips from him.
He needs an app that can give him refreshers on Welsh and corrects him when he’s wrong.
Reaction
Mitch would like this app, not only does it include no lectures to potentially bore him, the games are designed to reinforce small welsh practices while the Sentence game and the dialogue interaction teaches proper grammar and sentence structure.
[bookmark: _Toc70001268]5.6 Considerations for a Repeat
If the author were to attempt this task again, they would prioritise creating a set of structured versions of the games that they created that cover different topics, these could be phrased as “lessons”, to add some structure to the game, this could help evolve the app from a language solidifier of sorts to a fully-fledged learning app. 

6. [bookmark: _Toc70001269]Conclusion and Recommendations
6.1 [bookmark: _Toc70001270]Summary
 In this report, the author suggests that education could be innovated through the use of gamification, in it, he discusses teaching theory and how it can be applied to a game. He then discusses what methods students find effective in teaching, he then compares several of the top language learning apps and discusses their key aspects. He then draws conclusions based on what the apps do and how the preferred language learning methods of the students. He then discusses the methodology of the project and which approaches would lend themselves to the development of the project. He then walks through each feature of the app as it’s being developed, demonstrating the changes to the program as time progresses. In the end, he discusses how the feedback forms he received from his testers show that the development was a success and then discusses what could be done on a second attempt. 
6.2 [bookmark: _Toc70001271]Suggestions for further work
In a future iteration, where there are no time constraints and no restrictions from COVID-19, the author would first recommend using the time to perfect the app's version of Welsh by taking out all the imperfections, this would make it so the translator is 100% accurate, which could be a significant draw to use the app and get involved in the games.
If this future iteration is to be tooled to a certain demographic and prioritise teaching from scratch, the author would recommend adding in the “lesson” system that he recommended in the previous section, as a language cannot be learned from scratch by the app in its current state as it lacks structure.
The author would also recommend completing and uploading the word database to a server that can ping for words when needed as the loading of the database slows down the app when pages that use it are loaded.
The author would also recommend adding a long-term reward for completing hourly goals, such as a Level Up or Rank system, this would incentivize users coming back to the app as they would want a higher level or rank.
The author would also suggest conducting experiments between Welsh speakers to discern if the app objectively improves learning ability in users, the results of that experiment would either solidify the idea or inspire change in it where necessary.
The author would also recommend releasing an IOS version of the app, as it could vastly increase the size of the potential audience.
The author would also recommend adding in the ability for users to communicate with each other in Welsh, as, during the interview, Anwen Harris recommended students socialize with each other to bolster their knowledge of the language, however, the author was unable to implement a communication feature in this version.
The author would also recommend putting together an ethics form, to allow the app to be tested on minors, allowing for further feedback for developers to better target that demographic. Also, due to Data protection laws for children [56], children under the age of 13 cannot consent to have data collected, therefore, a system allowing for parents or guardians to make profiles on their behalf would be necessary.
Finally, the author would recommend gathering a large in-person testing group of diverse figures and working with them closely throughout the entire process to maximize productivity and to make sure something meaningful is always being developed. 

7. [bookmark: _Toc70001272]Reflection
In this section, I will discuss my personal journey through the project and how it affected me.
7.1 [bookmark: _Toc70001273]Personal Successes
Through this project, I learned that I was more adaptable than I first thought I was, at the beginning, I thought that I would have trouble adapting to the research instead of pursuing my original idea for the project, but I quickly learned that as I read through the research and listened to feedback, I was capable of adapting to the research and was quickly capable of adapting what I wanted out of what the project was becoming.
7.2 [bookmark: _Toc70001274]Personal Failings
As a developer, I often struggled with the more design-oriented aspects of the app. Thankfully, minimalist aesthetics were a sizable section of the design, I was still able to complete the task to an acceptable degree, however, I was not capable of exploring any experimental designs due to my shortcomings in that department.
I am also disappointed in my inability to add a constructed lesson system for the original demographic, given the opportunity, I would like to implement further teaching theory and create a lesson plan system using the game as a base.
[bookmark: _Toc70001275]7.3 Personal Growth
Throughout this project, I have learned how to fully design and create a project. Despite creating projects in my downtime, I had never tackled a project of this size or scope with this body of research, or requiring this much planning and preparation, through this project, I’ve learned how to take a management position on a significantly large project and cope under the pressure of a project of this scope.
2020-2021 have not been good years for me, for various reasons. And in this circumstance, this project helped me learn to prioritise the right things in life to maximise both my mental health and productivity, making sure I could finish this project to a standard I am happy with.
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1. [bookmark: _Toc70001277]Excerpts from the interview
The full interview is available here (Automatic expiry date: March of 2023): https://uowtsd-my.sharepoint.com/:u:/g/personal/1802146_student_uwtsd_ac_uk/EXdP9dcPnP1DoUkJE9CyDYcBUeV_2ndTJut4t_o26MsRyQ?e=iHYABy

Rhys: “Would you say it’s harder to learn a language as an adult rather than as a child? If so, why?”
Harris: “Yes, definitely, it’s harder as an adult to learn a language…you haven’t been brought up talking the language…as an adult, you’ve got a worse memory as well…also, you’ve got different commitments as an adult, working, and actually making the time.”
…
Rhys: “What’s the hardest part about teaching/learning Welsh?”
Harris: “Welsh isn’t a simple language at all...you’ve got the mutations…vocabulary is very important…so they’ll be learning a vocabulary and then you’ll have to teach them the mutations, which is complicated for a first language Welsh speaker. But adults tend to be better at it…because they’re learning it from the beginning, but it’s definitely a challenge.”
…
Rhys: “So it’s definitely easier to learn Welsh from English, because there’s a lot of resources?”
Harris: “Yes, I would say so, yes.”
…
Rhys: “So it’s mostly dedication?”
Harris: “Yes”
…
Rhys: “When did you personally learn the Welsh language, and has it been of much use to you in your day to day life?”
Harris: “…I was brought up with the Welsh language…yes, well, I wouldn’t be here today if I couldn’t speak Welsh.”
…
Rhys: “From experience, how long does it normally take someone to pick up a language? Welsh specifically, if you can.”
Harris: “A fluent level?”
Rhys: “Maybe not to a perfected level…but something where you could walk into a room of welsh speakers and start a confidently start a conversation with them.”
Harris: “It’s hard to say a specific time, it depends on the individual and it depends how much work they put into it”.
 …
Rhys: “So with enough dedication and hard work, it is possible to [Learn Welsh] in a small amount of time?”
Harris: “Definitely, yes.”
…
Rhys: “Do you use any outside resources (websites, books, etc.) for teaching, if so, which?”
Harris: “Due to current circumstances (COVID-19), I’m only teaching online…I use zoom and meet on google classroom…I also use WordWall...there are games you can have, some of them are pure welsh…I also use Popplet. I have flashcards where there’s a Welsh and Spanish sides, so it’s online flash cards…I obviously use the Welsh government booklets.”
…
Rhys: “What would the average welsh lesson in Patagonia look like?”
Harris: “The lessons are in a primary school…an hour and a half lesson, some of them do once a week and others do twice a week…They tend to drop down because of commitments and motivations to learn Welsh…You start at learners and you step up until fluent, so you have loads of different classes…We work through a booklet, they’ll be practising the oral speaking and listening…Compared to Wales, they don’t have a lot of technology, so we wouldn’t use powerpoints or anything…it would be very different to Wales due to no technology…at the end, they can decide if they want to complete an exam or not, and then they can move up to the next level.”
…
Rhys: “Do you have any advice to teaching welsh to adults in particular?”
Harris: “Adults can be shy…put them in partners…play games…pop strong learners with the weaker ones…repetition is very important…go over the same things…you don’t want to bore them but go over the same things…give them any chance to socialize…Christmas time, for an example, they had half a lesson in the pub, they were speaking Welsh in the pub…They have challenges in a social aspect to get them chatting.”
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Cassidy

15

London

n: Secondary School

n: Student
Single

"I'm interested in the Welsh language and culture"

She spends her time off school doing homework or hanging out when her friends. When she is alone
however, she spends her time researching the Welsh language.

Comfort With Technology
INTERNET

SOFTWARE
MOBILE APPS

SOCIAL NETWORK

Needs
« Must provid

e ability to improve in Welsh.
« Must be aesthetically pleasing

Criteria For Success:
The app needs to solidify the practices she's
learned in her study.

Wants
« Detailed explorations of Welsh culture.
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ce: Chicago

n: Degree in Psychology

n: Accountant

Single

"I need something to fill my spare time"

John is aman who loves a good hobby, and after learning to draw, he needs something new to fill his time.

Comfort With Technology
INTERNET

SOFTWARE
MOBILE APPS

SOCIAL NETWORK

Needs

« Must teach him good practice in Welsh.

« Must be able to teach him the fundamentals of
the language.

« Must be able to teach him to a speaking
standard.

Criteria For Success:

The app needs to be able to teach him Welsh in its

entirety.

Wants
« Aesthetically pleasing design.
« Spoken guides.




image92.png
on: Apprenticeship in Engineering
on: Engineer
atus: Married

"I feel out of touch with my background as of late, | want to get back in

touch with my roots."

Mitch was raised in a Welsh environment, learned everything in Welsh up to College. Hasn't spoken Welsh

since then, he wants to rekindle his Welsh language use.

Comfort With Technology
INTERNET

SOFTWARE
MOBILE APPS

SOCIAL NETWORK

Needs

« Must be able to refresh his memory of Welsh.

« Must correct his grammatical errors.

Criteria For Success:
The app needs to provide him with the tools to
pick up Welsh again.

Wants
« Aesthetically pleasing design.
« Noboring lectures.
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Konnichiwa! 3¢

I this lesson, let's review what we just
learned and then prepare to speak or write
in Nihongo (Japanese language)!

Konnichiwa. Hello

Hajimemashite. Nice to meet you

Watashi wa ..... desu. Iam.

Douzo yoroshiku. Pleased to meet you

Continue





image97.png
. ]

Weak words Strong words Medium

© voursaved words

Douzo yoroshikut/ ¥ 4
58&3L<,

E52EL<.

Pleased to meet you

Hajimemashite / XL 4
BHELT
MHELT

Nice to meet you





image98.png
21:50 @ @ covian

@® 590

You earned 50 gems!

Don't spend them all in one place.

CONTINUE
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2156 @ @+

X

About

Share your learning progress with a
teacher, using their 6-letter classroom
code. They'll be able to give
assignments and see what you've

learned in a dashboard.

Learn more at schools.duolingo.com

Classroom Code

JOIN CLASS
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Here's a tip!

As you may have guessed, "watashi" means
"I". So the structure for "l am .." is "Watashi
wa ... desu”. Don't worry about "wa" and
"desu” for now. We will find out what they
mean soon. (y>u<,)
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Table 1. Spanish WebCAPE Test Cut-off Points

Points College Semester Placement
Below 270 Semester 1
270-345 Semester 2
346-428 Semester 3
Above 428 Semester 4+
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You've reached Level 1!

Start the next level to strengthen this

skill even more!

CONTINUE
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You've earned 66 XP today

Lesson complete! 4p 9 XP
Combo bonus! 4 5 XP

CONTINUE
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Formal Attire
T Learn in style. Duo has
always been a sharp guy,

now he'll look sharp too.

@ 400

Champagne Tracksuit
‘ Learn in luxury. Duo will
love the feel of 24 carat

gold silk on his feathers.

Super Duo

Transform Duo from a
humble owl into a

fearless feathered
crimefighter.
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X

Listen and repeat.

Watashi wa Mariko desu. /
HLIZEHITY,

1 am Mariko.

Example %

Hajimemashite. Watashi wa Mariko
desu.

Nice to meet you. | am Mariko.
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course! ®
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each other and introduce ourselves!

Konnichiwat (Hello!)
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personalised Study Plan
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void Start()
{

! //Grab component from backdrop

Image Backdrop = GameObiject.Find("Backdrop").GetComponent<image>();
float Hue = Random.value;
Backdrop.color = Color. HSVToRGB(Hue, 0.32f, 1f);

}
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uncommon context
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switch (conStruct.context.Trim ). ToLower )

{

case"y":
switch (conStruct.contextPrev.Trim().ToLower())
{

| case

conStruct.contextPrev
conStruct.context
return conStruct;

| case"yn":
conStruct.contextPrev.
conStruct.context = "yw’
return conStruct;

default:
return conStruct;

conStruct.context
return conStruct;

! default:
return conStruct;

}
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public string MMeddal(string Mutant)|._|
1 reference

public string MTrwynol(string Mutant)[_]
1 reference

public string MLlaes(string Mutant)

{

//Check first letter and replace when neccesarry
Debug.Log("Mutant: " + Mutant/0]);
switch (Mutant/0])

case 'p':
Mutant = Mutant.Remove/0,
Mutant = Mutant.Insert/0, "ph!’
return Mutant;

case 't':

Mutant = Mutant.Remove(0, 1);
Mutant = Mutant.Insert 0, "th"};
return Mutant;

case 'c":

Mutant = Mutant.Remove/0,
Mutant = Mutant.Insert 0, "ch");
return Mutant;

default:
return Mutant;
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public string],] getCSVGrid(string csvlext)
{

//spit the data on spiit ine character
string] lines = csvText.Split("\n"0/);

//ind the max number of columns
int totalColumns = 0;

for (it = 0; < lines.Lengthy i)

(

stringl] row = lines(i Spiit,;
! totalColumns = Mathf.Max totalColums, row. Length);
18

J/ creates new 20 string grid to output to
stringl] outputGrid = new stringltotalColumns + 1, lines Length + 11
for (inty = 0;y < lines.Length; y++)
i
sting!] row = linesly.Spii
for finf x=0; x < rowLenth; x++)
{

outputGridix, y] = owix];
)
}

returm outputGrid;
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public void DisplayGrid(string[,] grid)
{

| string text="";
string textOutput

//loop through table, outputting every line

for (inty = 0; y < grid.GetUpperBound (1); y++)
{
! for (int x = 0; x < grid.GetUpperBound(0); x++)

© text =grid[x, yl;
textOutput += gnd X yl;

|| textOutput +="\n";
}
| Debug.Log(textOutput);
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bool IsDigitsOnly(string str)

{

1 //Checks if the string is only digits
foreach (char cin str)

{
1 if(c<'0 || c>'9)
i return false;

}

return true;

3
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string ReturnWord(int index, string Language)

TranslationGrid = getCSVGrid(csvFile.text);
string TranslatedWord = "";
switch (Language)

case "Eng":
Debug.Log( "English Word is: " + TranslationGrid[0, index]);
TranslatedWord = TranslationGrid 0, index;
return TranslatedWord;
case "Wel":
Debug.Log("Welsh Word is: " + TranslationGrid[1, index]);
TranslatedWord = TranslationGrid 1, index;
return TranslatedWord;
default:
return null;
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void ValidateAnswer(string answer)

ScoreText = ScoreText.GetComponent<Text>();
if (answer == cSVParse.ReturnWord| correctAnswer, "Wel"))

//Add to score related variables and Restart
score++;

gameCount++;

gameWins++;

PlayerPrefs.SetInt("GameWins", gameWins);
PlayerPrefs.SetInt("GameCount", gameCount);
ScoreText.text = "Score: " + score;
GetQuestionandAnswers| };

Assigninterface(};

{
PlayerPrefs.SetInt("Score", score);
}
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void ValidateAnswer(string answer)

ScoreText = ScoreText.GetComponent<Text>();
if (answer == cSVParse.ReturnWord| correctAnswer, "Wel"))

{

;' Debug.Log("CORRECT!!

| score++;

| ScoreText.text = "Score: " + score;
GetQuestionandAnswers| };
Assigninterface(};

}

else

{

: Debug.Log("Incorrect...");

| score—;

! ScoreText.text = "Score: " + score;
}
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void Start()

//Get global variables
score = PlayerPrefs.GetInt("Score", 0);
gameCount = PlayerPrefs.GetInt("GameCount", 0);

//setup score
ScoreText.text = "Score: " + score;
SentenceCount = WelshSentences.Length;

{
! initialiseQuestion();
}
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//1oop until you generate a radom number that is not the previous number
bool loop = true;
while (loop == true)

{
! sentenceNumber = Random.Range|(0, SentenceCount - 1);
if [sentenceNumber != previousNumber)

R

! loop = false;

10

]

//Setup and show sentence

questionSentence = WelshSentences[sentenceNumber];
answerSentence = EnglishSentences[sentenceNumber];

QuestionField = QuestionField.GetComponent<Text>();

QuestionField.text = "Your sentence is: " + questionSentence + " Translate it.";

previousNumber = sentenceNumber;
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public void checkAnswer(string SentenceAnswerField)
{

ScoreText = ScoreText. GetComponent<Text>();
/[check if there is space in the box

if (string.IsNullOrWhiteSpace SentenceAnswerField))
{

}

else

{

Debug.Log|"Invalid Inpu

//compare input and correct answer
if (SentenceAnswerField == answerSentence)
{
//add to score related variables
scoret+;

ScoreText.text
initialiseQuestion|
PlayerPrefs.Setint("Score", score);

gameCount++;

! PlayerPrefs.Setint("GameCount", gameCount);
1

else

{
//add to score related variables
score—;

ScoreText.text = "Score: " + score;
PlayerPrefs.Setint("Score", score);

gameCount+;
PlayerPrefs.Setint("GameCount”, gameCount);
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There is already
a profile saved.
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void Start()

//'f there is a profile, do not show the question set, if there isn't, show it
if (PlayerPrefs.GetInt("isProfile", 0) == 0)
{

i QuestionSet.SetActive(true);
| ProfileAlreadyText SetActive false);
}

else

{

! QuestionSet.SetActive/false);

| ProfileAlreadyText.SetActive true);

{
)
}

//Add Listeners

if (SubmitProfile != null)

{

| SubmitProfile.onClick AddListener SubmitProfileFunc);

}
if (ClearProfile != null)

ClearProfile.onClick-AddListener ClearProfileFunc);
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private void ClearProfileFunc()

{

i /[clear all input fields
Namelnput.text = "";

Agelnput.text ="";
Languagelnput.text

)

1 reference
private void SubmitProfileFunc()

{
i //Set PlayerPrefs

PlayerPrefs.Setint("isProfile", 1);
Start();

PlayerPrefs.SetString("Namelnput”, Namelnput.text);
PlayerPrefs.SetString("Agelnput", Agelnput.text);
PlayerPrefs.SetString("Languagelnput”, Languagelnput.text);
PlayerPrefs.SetString("Petinput", Petinput.text);
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private void AssignDetails()

//GetComponent for all text fields
GamesPlayedText=GamesPlayedText.GetComponent<Text>();
ScoreText = ScoreText.GetComponent<Text>{);

| NameText = NameText.GetComponent<Text>();

AgeText = AgeText.GetComponent<Text>();

FirstLanguageText = FirstLanguageText. GetComponent<Text>();
| PetText = PetText. GetComponent<Text>();

//Change Text to show stats

GamesPlayedText.text = "Games Played: * + PlayerPrefs. Getlnt("GameCount”, 0);
ScoreText.text = "Current Score: " + PlayerPrefs.Getint("Score”, 0);
NameText.text = "Name: " + PlayerPrefs.GetString("Namelnput”,
AgeText text = "Age: " + PlayerPrefs.GetString("Agelnput”, ™");
FirstLanguageText.text = "First Language: ” + PlayerPrefs.GetString("Languagelnpu
| PetText.text = "Pet: " + PlayerPrefs. GetString("Petinput”, ™");
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ate void DeleteRejectFunc()

//close the “are you sure?" window
if (PromptWindow 1= null)

i

| PromptWindow.SetActive false);
}
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void Start()
{

//1f there is a profile, show the stats, if not, don't
if (PlayerPrefs.Getint "isProfile”, 0) == 0)
{

NoSaveText SetActive!true);
| StatsPage SetActive!false);
b

else

{

NoSaveText SetActive false;

StatsPage SetActive(true;

| AssignDetails);

}

score = PlayerPrefs. Getlnt("Score”, 0);

gameCount = PlayerPrefs.Getint("GameCount”, 0);

//setup buttons
if (PromptWindow I= null)

{ PromptWindow.SetActivelfalse);

?f(DeleleConﬁrm 1=null)

{ DeleteConfirm.onClick.AddListener(DeleteStats);

: ?f(DeIeleRejed 1= null)

{ DeleteReject.onClick AddListener DeleteRejectFunc);
i
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private void DeleteStats|()

/[Close window and delete all stats
PromptWindow.SetActive(false);
PlayerPrefs.DeleteAll();
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void ShowPrompt()

//show the "are you sure?" window
if (PromptWindow 1= null)

i

| PromptWindow.SetActive true);
}
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1 reference

! void ExitGame()
i

#if UNITY_EDITOR

! | UnityEditor.EditorApplication.isPlaying = false;
s#elif UNITY_WEBPLAYER

i 1 Application.OpenURL(webplayerQuitURL);
else

i 1 Application.Quit();

Hendif

v}
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void ChangeColourScheme()

{

i switch (PlayerPrefs. GetString("ColourScheme"))

{

! case "Light Mode":

PastelColourButton.SetActive!false);

PlayerPrefs.SetString("ColourScheme”, "Dark Mode");

ColourSchemeButton.GetComponentinChildren<Text>!).text = "Current Colour Scheme: " + PlayerPrefs. GetString("ColourScheme");
break;

! case "Dark Mode":

PastelColourButton.SetActivetrue);

PlayerPrefs.SetString|"ColourScheme”, "Random Pastel Mode");

ColourSchemeButton.GetComponentinChildren<Text>).text = "Current Colour Scheme: " + PlayerPrefs. GetString("ColourScheme");
break;

! case "Random Pastel Mode":

PastelColourButton.SetActive!false);

PlayerPrefs.SetString("ColourScheme”, "Light Mode");
ColourSchemeButton.GetComponentinChildren<Text>!).text = "Current Colour Scheme:
break;

! default:

PastelColourButton.SetActive!false);

PlayerPrefs.SetString("ColourScheme”, "Dark Mode");
ColourSchemeButton.GetComponentinChildren<Text>!).text = "Current Colour Scheme:
break;

+ PlayerPrefs. GetString("ColourScheme");

+ PlayerPrefs. GetString("ColourScheme");

}

SceneManager.LoadScene("Settings'
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void GoBack()

{

| if (PlayerPrefs.GetString|"PreviousScene”) I
{

| SceneManager.LoadScene PlayerPrefs.GetString("PreviousScene”) ;
}

else

{

| SceneManager.LoadScenePlayerPrefs.GetString("Profile”));

}

)
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string selectedTimeString;

DateTime selectedTime;

DateTime currentTime;

TimeSpan hourTimer = TimeSpan.FromHours(1);
2 references

void KeepDate()

{
! currentTime = DateTime.Now;

i selectedTime = new DateTime(currentTime.Year, currentTime.Month, currentTime.Day, selectedTime.Hour, selectedTime.Minute, 0);

}

1 reference

void setSelectedTime()

{

//Set the Selected variable to the saved number from the user
currentTime = DateTime.Now;

string tempArray = selectedTimeString,Substring(0, 2);

int hour = Int32. Parse(tempArray);

tempArray = selectedTimeString. Substring(3, 2);

int minute = Int32. Parse(tempArray);

selectedTime = new DateTime(currentTime.Year, currentTime.Month, currentTime.Day, hour, minute, 0);
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Settings

We recommend playing for an hour a day.
select when you'd like to start: -« - 7 oo | Submit |

You sat your tme as: 17:00. Try
‘earming 20 points within that hour.
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Helo, croeso i'm siop goffi, sut wyt ti heddiw?

Score: 88
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void SButton1(

{
| Debug.Log("1Click");
switch (scenario.Trim (). ToLower!))

)

switch (scenarioNum)

{

| case0:

scenarioNum

QuestionEd

: CoffeeShop();

i1 break;

|l casel:
scenarioNum

"Rwy'n falch, ";

QuestionEdi
Coffeeshopl);
break;

| case2:

bydd hynny'n costio £6,

scenarioNum
QuestionEdi
CoffeeShop();
break;

case 3:

scenarioNum
QuestionEdi
CoffeeShop();
break;

bydd hynny'n costio £2,





image70.png
void CoffeeShop()
{

| ConversationAssets.SetActive(true);
 AnswerButtons.SetActive(true);

| switch (scenarioNum)

{

‘ case 0:

QuestionText.text = "Helo, croeso i'm siop goffi, sut wyt ti heddiw?";

AnswerButton1.GetComponentinChildren<Text>().text = "Rwy'n eithaf da, diolch.”; //Links to 1, small text edit
AnswerButton2.GetComponentinChildren<Text>().text = "Wedi bod yn well, wedi bod yn waeth"; //Links to 1, small text edit
AnswerButton3.GetComponentinChildren<Text>().text = "Ddim yn dda, yn anffodus"; //Links to 1, small text edit
AnswerButtond.GetComponentinChildren<Text>().text = "Rwy'n teimlo'n wych, sut ydych chi?"; //Links to 1, small text edit

| break;

| case1:

! QuestionText.text = QuestionEdit + "beth alla i ei gael i chi?";
3 iren<Text>{).text = "Americano Du a brechdan chaws a ham."; //Links to 2, small text edit
AnswerButton2.GetComponentinChildren<Text>().text = "Siocled poeth a cwci os gwelwch yn dda."; //Links to 2, small text edit
iren<Text>{).text = "Byddaf yn cymryd pa bynnag smwddi eisin sydd gennych.”; //Links to 3
ren<Text>().text = "Pot firwythau."; //Links to 2, small text edit

z
|
:
5
§
3
g

AnswerButton4.GetComponentln(
break;

case 2:
QuestionText.text = QuestionEdit + "ydy hynny'n iawn?";
AnswerButton1.GetComponentln(
‘AnswerButton2.GetComponentin //Links to 1, small text edit
AnswerButton3.GetComponentinChildren<Text>().text = "nawr fy mod i'n meddwl am y peth, does gen i ddim diddordeb, mae'n ddrwg gennyf."; //Links to 5, small text edit

| AnswerButtond.GetComponentinChildren<Text>() text = "gadewch imi feddwl am eiliad."; //Links to 2, small text edit

! break;
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void ScenarioSelectFunc(string Scenario)

{

i //Check which Scenario was selected and run the associated function
switch (Scenario.Trim().ToLower()

{

! case "coffee shop'
| scenario = "coffee”;
Debug.Log("coffee);
ScenarioSelect.SetActive(false);
ConversationAssets.SetActive true);
Coffeeshopl);

break;

case "library"

Debug.Log("library");
ScenarioSelect.SetActive(false);
ConversationAssets.SetActive|true);
Library();
break;

default:
break;
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void DeclareWord()
{

currentletterPlacement = 0;
//Generate Number
int currentNumber = Random.Range(0, numberOfWordslnLib - 1);

//Checkif the current number matches the previous one, if it does, generate another one
while (currentNumber == previousQuestion)

! currentNumber = Random.Range(0, numberOfWordsinLib - 1);

! questionString = cSVParse.ReturnWord|currentNumber, "En
answerString = cSVParse.ReturnWord|currentNumber,
QuestionText.GetComponent<Text>().text = "Spell the following word in Welsh: " + questionString;
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Elpublic class laserScript : MonoBehaviour

{
| [SerializeField]
| GameObject LaserObject;

private float screenTop = 6;

// Startis called before the first frame update
© Unity Message | 0 references
void §_(arl(D

| // Update is called once per frame
| @ Unity Message | 0 references

Bl void FixedUpdate()

i

Bl | if (transform.position.y > screenTop)
g

Destroy|LaserObject ;

@ Unity Message | 0 references
OnBecamelnvisible)

Destroy(LaserObject);
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void HideWord()
{

//Reset Hidden variable
HiddenQuestion = answerString;

/[For each letter in the chosen word, replace it with -, spaces are kept
Debug.Log("LetterPlace: " +currentLetterPlacement);
Debug.Log("Length: " + answerString.Length);

for (int i = currentLetterPlacement;
{

| | if answerString]i]
i

answerString.Length-1; i

idenQuestion = HiddenQuestion.Remove(i, 1);
HiddenQuestion = HiddenQuestion. Insert(

il

}

//Apply and Display
//HiddenQuestion = HiddenQuestion.Remove(HiddenQuestion.Length - 1);
Debug.Log("Q: "+questionString);
Debug.Log("A: "+answerString);
HangmanText. GetComponent<Text>().text
| HangmanText. GetComponent<Text>().text =
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string allocateLetter()
{

! //Generate random number, if it matches 1, the asteroid spawns with the correct letter, if not, it spawns with a random one
string randomPool = "abcdefghijkimnoparstuvwxyz”;

string selectedChar
char correctChar = answerString[currentLetterPlacement];
if (Random.Range(0, 3) = 1)

{

! selectedChar += correctChar;

}

else

{

selectedChar += randomPool|Random.Range(0, 26)];
}

return selectedChar;
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void Start()
€

J/Start Game, set health to starting health

Time timeScale = 1f;

health = StartingHealth;

HealthText GetComponent<Text>()text = "Health: "+ health;
Playerprefs Setint"Life", StartingHealth);

1/Apply rigidbody and prepare ship.

b = Spaceship. GetComponent<Rigidbody20>();
moveleft= false;

moveRight = false;

‘ShootButton.onClick AddListener(Shoot);

//prep global variables

PlayerPrefs Setstring("Asteroidetter”, ™);

score = PlayerPrefs Getint("Score”, O);
‘gameCount = PlayerPrefs Getint("GameCount”, 0);

//Update Score Text
‘ScoreFeedback GetComponent<Text>();
ScoreFeedback text
ScoreText text ="Score: " + score;

//Generate Word and hide it
DeclareWord();
HideWord();
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