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[bookmark: _Toc228483427]Abstract

 This project presents the development of Cymro, a (partially) intelligent Welsh language tutoring application designed to bridge the gap between generic Large Language Models (LLMs) like Qwen3 and an application using RAG techniques.

While modern AI often struggles with the nuances of low-resource languages like Welsh—frequently hallucinating incorrect grammatical structures such as "Sut ydych chi" for age-related queries—this system implements a Retrieval-Augmented Generation (RAG) pipeline to enforce linguistic accuracy.

The architecture consists of a cross-platform Flutter frontend integrated with a Python FastAPI backend. 

The project focuses on chunking and embedding techniques required for implementing RAG and applying these techniques on large data sources like CorCenCC and Kwici to create a more robust and effective Welsh learning/tutoring application.

Evaluation of the system demonstrated a successful trade-off between latency and quality. While the RAG-enabled application exhibits a 5–10 second response delay compared to standard LLM terminals, it significantly eliminates hallucinations by prioritizing retrieved context. Results indicate that the system effectively provides level-appropriate feedback (CEFR A1–C1) and accurate evaluation of user practice answers, establishing a robust, privacy-focused framework for localized AI-assisted language learning, but there is a lot of improvements that can be made to make this a more robust and attractive application.
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1. [bookmark: _Toc228483428]Introduction
[bookmark: _Toc228483429]1.1 Background
Welsh language is a highly important part of Welsh history, culture and nationality, with the Welsh language having roots between 2500 and 4,000 years old [1] through Britonic/Celtic languages. Welsh is known to be the oldest language in the UK. Despite this, the language has deteriorated over the last 1000 years due 

[image: ]Wales has a projected population of 3.3 million by 2027 [2] with approximately 844,300 (ages 3+) speaking the Welsh language [3]. Only approximately 27.3% of the Welsh population can communicate in Welsh. By using the graph provided by the Annual Population Survey (APS, can be seen in figure 1 below), we can see that there is a rising trend in Welsh speakers since 2007.Figure 1 - Annual Population Survey - Welsh speakers [3]


There have been multiple Welsh Government projects proposed, with the major project being “Cymraeg 2050”, where First Minister Carwyn Jones has proposed the target to have one million Welsh speakers by 2050 [4], and to increase the daily percentage of Welsh speaking to 20%. “Cymraeg 2050” would need to rely on monitoring and evaluating issues stemming from working and education sectors.

In this day of technology, there are multiple different applications that allow users to learn and engage in different languages (Duolingo being a primary application). Duolingo stated in 2023 that they would stop developing the application in the Welsh medium, despite the Welsh language being the most popular language to learn in the UK [5]. 

The primary focus of this project is to create a Welsh learning and conversational application, similar to Duolingo, prioritising the Welsh language through an AI LLM (large-language model). 

ChatGPT is a good example of an application that uses LLM (GPT-3) to “scrape” information from the internet to train algorithms, so that ChatGPT can produce human-like text [6]. The focus point of these LLM’s are the more popular languages (ex. English, Spanish), while smaller languages underperform in ChatGPT. According to Shana Lynch in “Closing the Digital Divide in AI”, smaller languages are being “left behind” due to limited digital data and limited digitised resources for LLM’s to learn from [7]. The Welsh language has limited speakers, but due to preservation efforts, the language has been digitised, which can be used effectively in LLM’s and SLM’s (small language models).

The problem statement the project and application created should be able to answer is “Can the Welsh language be developed into a language model effectively, and can this increase the amount of Welsh speakers annually, to achieve Cymraeg 2050 sooner and revive a slowly dying language?”

1.2 [bookmark: _Toc228483430]Aims and Objectives

From the research conducted, these are the proposed aims and objective the application should be able to answer.

1. To analyse and evaluate online literature of the Welsh language and apply this to create an intelligent tutoring system for the AI aspect of the project. We would need a low-resource natural language processing which would allow the AI to create sentences from English to Welsh, and vice-versa.

2. Develop a mobile application through Dart, Flutter and Python and create an RestfulAPI using FastAPI to bridge the UI and the Python-based RAG pipeline, that would allow for the AI to access information that we want to integrate later in the process.

3. The application would have a UI that would allow for text input/output and let the user determine the level of proficiency they would have (beginner, intermediate, expert) and provide lessons depending on that proficiency level.


The primary objective and focus of this project is to see whether RAG is a good way to implement Welsh information to prompt and query a language model such as Ollama, which has limited Welsh data. This project was to achieve this by creating a front-end UI, a backend RAG pipeline with Welsh data-sources and lessons and an API that allows the two ends to interact.
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[bookmark: _Toc228483431]2. Literature Review

[bookmark: _Toc228483432]2.1 Teaching and Welsh Language Revival
As stated in the introduction, there has been a large call for the development projects to increase the Welsh speaking population in Wales. 

With Welsh language being a key point in political discourse recently, there has been both concern and pride for the Welsh language [8]. 

There have been a lot of developments in Welsh language revival technologies. Bangor University has provided the Siri like application in the Welsh medium (Chapter 2.2), which is a crowd-sourced data project. The application uses Mozzilla Common Voice [9], which is a data source which includes voices and interviews of Welsh speakers. This was used to create the application, Macsen.

[bookmark: _Toc228483433]2.2 Macsen Welsh AI and other Welsh applications
[bookmark: _Toc228483434]2.2.1 Macsen
Bangor University published an application in 2020 – Macsen AI, which can only be described to be similar to Siri, but in the Welsh medium. The Macsen app was created using voice recognition in the Welsh language to allow users to audible request weather updates, news updates, the time and the ability to set an alarm, all within the Welsh language [10]. This has been an incredible achievement for Welsh applications, as this has since been built upon to create a rather unique application. The Welsh tutor application initially took inspiration from this application, as a voice recognition would be fundamental when creating a Welsh tutor app, as both hearing and speaking Welsh words can develop the users learning and experience. The research from this paper shows that there is a call for Welsh applications, and according to the Google store, there have been 500+ downloads for this application. This allows users to practice their Welsh speaking, which may go hand in hand with the development of this project/application. This application has also recently implemented ChatGPT-4 Language model to the application, that allows for the application to answer questions, however if the Macsen team are relying on ChatGPT-4, then there are bound to be errors and hallucinations, as ChatGPT has a minimal Welsh language. The Welsh government announced a new data partnership with OpenAI to improve the Welsh language in AI technologies in 2024, and states that they will contribute Welsh data to the language model to improve the linguistic performance of AI models [11].

[bookmark: _Toc228483435]Duolingo
Duolingo is the best-known learning application, with over 500+ million downloads just on the Android store. Duolingo provides lessons in hundreds of languages, with set exercise and gamification that allows users to learn a language they desire. It is an incredibly useful application, but does have its limitations, and does not support all languages equally. As stated in the background research to this project, Duolingo has since paused development of the Welsh language in its application [5]. Parker Henry wrote “how Duolingo uses AI to create lessons faster”, which showcases prompt cases and how AI has been developed into the Duolingo application [12]. This has provided inspiration on how the Ollama can be prompted within the Welsh tutor application (screenshot of prompt shown in Chapter 4.2 Implementation).

[bookmark: _Toc228483436]2.3 RAG – Retrieval-Augmented Generation

RAG, known as Retrieval-Augmented Generation, is the process where external resources are searched first, and the LLM retrieves relevant information before providing a result [8]. This was introduced and developed in 2020, where the purpose of RAG is to reduce “hallucinations”. “Hallucinations” in LLM is described as inaccurate or irrelevant information[]. The external sources are searched via different chunking and embedding techniques and allows the LLM to search for the chunk of information most prevalent to the required answer. These external sources of data can be databases, PDF files, and most online repositories. 

The implementation of RAG can be shown in a pipeline, seen in the figure below. 
[image: ]
Figure 2 - RAG pipeline from Huggerface (ARABIC retrieval) [13]
This is how RAG is developed within an small language model application and will be used for creating the Welsh tutor application. Chunking and embedding is the process where the data is broken down into chunks of information and assigns a vector or value to each chunk. The user query is also then chunked and embedded, and the LLM then attempts to match the chunks from the query to the chunks in the data sources, which is the term known as “Semantic Similarity”.

This uses a Cosine Similarity equation, which calculates the cosine of the angle between two vectors, rather than the magnitude of the vectors. 
[image: ]
Figure 3 - Cosine Similarity equation used to determine RAG output [14]
Since the database has been chunked, the new query/prompt will be chunked when inputted into the application and the newly chunked prompt will be compared several times against the chunked data-source. The cosine of the angle ranges from -1 to 1, where 1 is a perfect match. 

Large data sources can be over cumbersome, especially for small data storage devices like mobile devices. These chunks and embeddings are stored on the server itself, which allows for faster response time from the LLM, while the RAG process allows for more accurate responses from the AI.

The application will be using Chromadb, which is an open-source vector database, to allow for chunking and embedding. This will be continued more in depth in Chapter 4.

There does stem an issue with RAG – the information must be a trusted source. Without trusted sources, the information may not be accurate and may provide incorrect information. This project will need to have access to correct and trusted Welsh language sources. The sources decided upon are from the National Corpus of Contemporary Wales (CorCenCC). and Kwici Welsh Sentence database.


[bookmark: _Toc228483437]2.4 Welsh data sources CorCenCC and Kwici
CorCenCC
The National Corpus of Contemporary Welsh (CorCenCC) represents a landmark shift in Welsh linguistics, moving from traditional, curated academic texts to a "living" record of the language as spoken today.

CorCenCC is represents a Welsh language data source uniquely, as it provides over 11 million words from digital resources (articles, books), as well as provides the mutations and grammar of Welsh language. This is critical for a Welsh Tutor application, as it provides a more in-depth knowledge of the Welsh language, than can be chunked and injected into a LLM like Qwen 3.

CorCenCC also provides regional variation, which is a common issue on applications such as Duolingo, since they have a specification database to teach from. Similar to the English language, Welsh has synonyms and different words that mean the same thing. The word “milk” in the Welsh language has two different word (“llefrith” and “llaeth”). CorCenCC provides this variation, which tends to be a point of failure for other LLMs. 

[image: ]
Figure 4 - ChatGPT automatically provides llaeth

This regional variation provided by CorCenCC allows for RAG implementation to work effectively, as it provides more semantics. More semantics allows for Cosine Similarity equation to be more accurate when providing a semantic search, which allows for higher accuracy responses and mitigating hallucinations. CorCenCC providing semantics allows for the RAG pipeline created in the Welsh tutor application to understand that there are different variations of words for the same word and does not penalise the user for choosing one over the other, as both are correct.





Kwici
This is another data source found on Kaggle. This is a rather dated data source, as it is a corpus that has drawn Welsh language data from Welsh Wikipedia in 2013. The data was extracted from Wikipedia and then run through an extractor to unnecessary data (XML, blank lines, English language).

From the Welsh Wikipedia, four million words were extracted and split to create functional sentences – approximately 204,789 sentences.

While CorCenCC provides a fantastic range of Welsh words and phrases, it does not provide sentencing. This was something realised late in the application creation process, during the testing process of the project. An average LLM does not how the Welsh language creates sentences, where it’s almost opposite to how an English sentence is built. English utilises a “Subject-Verb-Object” [] while Welsh utilises “Verb-Subject-Object”.





3. [bookmark: _Toc228483440]Methodology


3.1 [bookmark: _Toc228483441]Research Onion
By looking at the Research Onion (seen in the figure below), this project has both a pragmatic philosophy, and a deductive approach to the development of this project.
[image: ]
Figure 5 - Research Onion from Saunder's Research Onion []
A pragmatic philosophy is described as “to see what’s most logical regarding the topic and availability of resources”, which is a good description of this project methodology. The problem statement is whether an SLM with RAG implementation can be used to create a Welsh learning application. The aim of a pragmatic philosophy is to come up with practical solutions to real-life problems, which this project has achieved.

A deductive research approach was also taken for this project, where a known issue for LLMs was that they were known to hallucinate and provide errors for smaller languages such as Welsh. Since Welsh is a low-resource language, research was implemented to reduce these hallucinations, and RAG techniques were found and implemented to test whether the hallucinations had been reduced compared to the LLM without the data sources provided (CorCenCC, Kwici, CEFR).

[bookmark: _Toc228483442]3.2 Development Methodology

This project follows a development-based methodology. The primary aim and objective of this project is to design and create a simple Welsh language tutor powered by AI, and asses whether the implementation of RAG creates higher quality responses compared to another LLM. 

The development method was done in stages, allowing for development and testing to be done in the same stage. This allowed for the application to be built and refined and allowed for any issues and bugs to be resolved quickly and instantaneously. The downside to this process was that major bugs/errors would cause building of the application to be delayed. 

The decision was made to keep everything local – the server, Ollama, and the application. This would allow for safer security when developing and testing the application. When the application is of a higher standard, and security features correctly in place, the idea would be to upload this via Docker to a server. This would allow for the application to be downloaded by different users on different devices.

Another issue was attempting to create too many features, making the application more complicated than necessary. The application was built for a simple purpose – create a Welsh tutor application that allowed the user to learn Welsh. Additional features were attempted but caused many issues and delayed the final product. The first version of this application is basic and would need multiple updates in the future to create a more responsive and higher standard application. The project pivoted to a “Minimal Viable Product” (MVP), to ensure the application worked efficiently and correctly.

[bookmark: _Toc228483443]3.3 Hardware

Processor – Intel-Core I9 – high clock speeds that allow for high speed text processing.

Memory – 64GB RAM – High memory to hold CorCenCC and Kwici databases during embedding process.

GPU – NVIDIA RTX 4070TI – Qwen3:14b runs on this GPU effectively, reducing latency.

Storage = 2TB NVMe SSD – allows for Chromadb to load thousands of vectors during application start.

This would be considered a high-end hardware PC, which was used to allow local LLM execution, embedding generation and higher speeds and fluidity in the Welsh tutor responses.

[bookmark: _Toc228483444]3.4 Materials and Tools

This project was all done in Visual Studio Code (VSC), which allowed for the correct libraries to be downloaded, as well as be create new files easily and errors to be spotted easily within the code. VSC allowed for Flutter libraries to be downloaded, allowing for the creation of the UI. Flutter uses a coding language called “Dart”, which is similar to C++ and Javascript.

The decision to use Flutter was decided due to having the ability for the application to be converted to both IOS (Apple) and Android operating systems. This would allow for the application to be accessible to all users, rather than a select few. It also allows for relatively simple lines of code to create a functioning UI.
[image: ]











In the figure above, we can see the libraries implemented for Flutter from VSC. The “dart:convert” import allows for the Flutter application to talk to the Python backend – the user’s typed message in the application is converted into JSON and send it to the backend Ollama. Ollama then responds through JSON, which is then converted back to Dart.Figure 6 - Flutter libraries used to create front-end UI.


Material.dart is a library containing UI design components such as buttons, text field and coloured app bars.

Http.dart is the bridge between the front-end and the backend. This allows for the front-end to communicate and send the user query/response to the Python API.

[image: ]
Figure 7 – Python-based libraries ready for RAG implementation
These are the libraries used for creating the RAG implementation.

Sentence transformers is a library that compute embeddings from text, images and audio.

Chromadb is a open-source vector database that allows for the library files CorCenCC, Kwici and CEFR that have been chunked to be stored.






[image: ]



This line of code shown in the figure above makes sure that the embedding is not re-generated. When initially chunking and embedding, CorCenCC and Kwici took about 2-hours to chunk due to the size of the files. If this had to be done every time the local server opened, then the application would run slowly. Figure 8 - Persistent Client code line to avoid re-chunking.


Ollama is a LLM host, which allowed the use of language model Qwen 3:14b. Ollama was used to keep everything local, while Qwen 3:14b was used due to having some data in the Welsh language. Language model llama3.3:70b was initially used as the backend LLM, but responses were slow (average two-minute responses). 

These tools allow for project to be developed correctly and allow for the application to function effectively.

[bookmark: _Toc228483445]4.1 Design and Implementation

This section of the work concentrates on the decision-making process for the design phase of this Cymro AI tutor project. Initial wireframe designs were created to get a proposed application look down. The wireframe design was then followed and implemented in the application, which has created a simple yet attractive application. 

An architectural design was also created to showcase how the pipeline worked within this application. This allows for any reader to have a general concept of how the RAG pipeline was implemented for this application.

A Requirement specification was also used and followed, which provided simple must and wants of the application before the creation of the application. These were requirement decided on early in the research process, as it provides a target for requirements of the application. These targets allowed for the application to achieve the Aims and Objectives seen in Chapter 1.2.


[bookmark: _Toc228483446]4.1.1 Front-end Design
When designing an application, it is incredibly important, as it determines the user experience, retention levels and overall mood of the user. Some studies suggest that unappealing designs create an undesirable effect on moods []. 
A simple design was implemented to keep the application simple, yet clean and tidy for the MVP, known as a Minimalistic Design. There is a negative effect to creating a minimalistic design, however. The Aesthetic-Usability Effect is the effect that simply describes that the more attractive a product looks, the better the application works []. 
[image: ]
Figure 9 - Wireframe diagram of application
When comparing other LLM applications such as ChatGPT, Gemini and Ollama, they all had one thing in common – simplicity. The web applications were basic, with minimal colours, and looks to prioritise the information provided by the LLM, rather than attempt to distract the user. 

By taking inspiration from these LLMs, the application was built to mirror the wireframe diagram in the figure above. This allows for a clean, simple, light application to run on mobile devices. Overloading the UI with widgets, images and filters can cause latency issues, which is something the Welsh tutor application wants to avoid.


4.1.2 Back-end Architecture
[image: ]
Figure 10 - Architectural Diagram of application showing RAG data flow
In the figure above, we can see the architectural diagram of the application created.  
The diagram starts off with the user inputting a query into the UI. This posts a request to the backend server. This can be seen in the figure below, showing that the backend has received a POST request from the UI. This is known as the “Handshake”.
[image: ]Figure 11 - POST REQUEST 200 OK - All good








The next step is the “Vectorise Query” (step 2). This is where the initial query becomes a vector, which in turn performs a vector search within the Chromadb file (step 3). From this vector search, the system retrieves the context from the provided data sources – CorCenCC, Kwici and the Lessons dataset (step 4).

The original query and the retrieved context from the data sources is run through the Ollama LLM model, along with a “tutor” prompt seen in Chapter 4.2 Implementation. This prompt is an important design choice, as it provides the AI with instructions on how to act and how to provide the information to the user. This ensures that the tutor acts like a tutor, rather than a simple translator, while emphasising the context/information provided by the data-sources.

The final AI response (marked 6 in the figure 8), is processed through the locally run Qwen model, where the response is then provided back to the UI. This is visually seen on the application when the tutor responds.
4.1.3 Requirement Specification

To achieve the aims and objectives of this project, an Application Requirement Specification is needed. These are requirements of the application that are ranked to show importance of what needs to be implemented in the application. This has been created and applied below.


	Requirement ID 
	Requirement Statement 
	Must/Want 
	Comments  

	FR001 
	System must allow for users to select a CEFR proficiency level 
	Must 
	 Has not been implemented correctly – user must specify what CEFR level they would like 

	FR002 
	System must retrieve relevant Welsh grammar from CorCenCC and Kwici files 
	Must 
	Reduces hallucinations and achieves primary objective 

	FR003 
	LLM run locally via Ollama to ensure data privacy 
	Must 
	 Removes security risk when developing application 

	FR004 
	Chat interface – allows user to query AI and for the AI to respond 
	Must 
	Necessary for User – AI communication/tutoring 

	FR005 
	Multilingual support for English to Welsh 
	Must 
	Allows English users to learn Welsh rules via English to Welsh translations/tutoring 

	FR006 
	Adaptive UI for mobiles and desktop 
	Want 
	Not yet integrated – allows users to learn via mobile screen - portability 

	FR007 
	Gamification features – similar to Duolingo “Streak” and “XP” bar – rewarding user progression 
	Want 
	Encourages retention – User will want to come back to learn Welsh 

	FR008 
	UI remains simple and tidy 
	Must 
	 Simple design allows for user retention 



We can see from the table that each requirement has been labelled FR001 – FR008, with a simple description of the requirement, a “must/want” table, as well as comments.

In FR001, the requirement states that the application must allow for the user to select a CEFR proficiency level. This was not implemented correctly. Despite the figure below indicating that the user would be able to change the CEFR proficiency level, this is not automatic. User must specify when asking the tutor to create a CEFR level C1 lesson. Due to errors in the coding, this issue was never resolved and would be something that would need to be implemented correctly in the final product rather than the MVP.
[image: ]
Figure 12 - CEFR dropdown decision - incomplete
FR002 is a requirement that has been met, which allows the system to retrieve from the CorCenCC and Kwici databases. This reduces hallucinations in the results provided by the tutor. 

FR003 is initial requirement that has been met. Due to potential security and privacy issues, Ollama and FastAPI were run locally from a desktop. This avoided any GDPR and application security issues as these have not been thoroughly research enough to implement. Future versions of this application will see this requirement be changed so that the backend service could be run on a private encrypted server, allowing for portability and mobile device usage without compromising user data.  Docker would be implemented for containerisation  
	
FR004 and FR005 has been met effectively, by implementing requirements FR002 and FR003. The implementation of an effective RAG pipeline seen in Figure 9 allows for the user to query the AI with a textbox in both Welsh and English. 
[image: ]
Figure 13 - FR004 and FR005 - AI QUERY AND AI RESPONSE

In the figure above, we can see what the specification requirement FR004 and FR005 looks like, where the user can prompt the AI to ask the Welsh Tutor a question (example, give me a lesson), and the AI responds underneath. This requirement also allows for the user to answer the Welsh tutor’s questions. This provides a bi-directional dialogue between the user and the AI, which successfully meets the third objective in Chapter 1.2. 



[bookmark: _Toc228483447]
4.2 Implementation
In this chapter, the implementation is explained as to how the application has been built, and provides reasoning as to why it was built this way.

By using our main goal of creating an application in Flutter, which will allow the UI to interact with the backend architecture to create realistic and effective Welsh tutor responses, as well as following the wireframe diagram provided in Chapter 4.1.1, the architecture diagram in Chapter 4.1.2 and implementing the requirement specification provided in Chapter 4.1.3, we can achieve many of the aims and objectives proposed in Chapter 1.2.

Flutter

Flutter was decided upon early in the project creation process. The Flutter library can be downloaded as an extension for Visual Studio Code, which made the process of creating the UI of the application. The Flutter SDK was the perfect choice for limited knowledge in web and application development. Flutter also has a “hot reload” feature, which streamlined the development and testing environment due to errors in the application were spotted quickly (widgets not working correctly).

Flutter allowed for a stateful widget. A stateful widget allows for a more reactive and engaging experience for the application as it receives a response from the backend RAG, and updates the UI with the changes automatically. A stateless widget would need to be manually update (user would have to refresh the browser/app themselves) [].
[image: ]
Figure 14 - Stateful Widget Tutor Page
In the figure above, we can see that the “Stateful widget” has been used for the application, which allows for the UI to update automatically while maintaining the information provided by the user, without refreshing manually. 

A good example of this is in the two figures below, where a spinner indicator has been used to inform the user that their request is loading. This provides information to the user that the UI has received their query and is working through the RAG pipeline to provide a response by the AI. Figure 16 shows the implementation of the widget. This allows for the application to become asynchronous

[image: ][image: ]Figure 15 - Circular red spinner

Figure 16 - Circular red indicator widget

 


RAG development
This section is where it showcases how RAG has been developed for this project. We first had to find out data source files, which we decided was CorCenCC and Kwici. 
[image: ]
Figure 17 - Data Source library
From the figure above, we can see our data source files and our ChromaDB file. The ChromaDB has stored the vectorisation of these data sources, ready for a semantic search prompted by the frontend UI. 

[image: ]
Figure 18 - Multilingual-e5-base
This was done in a Python datafile. The figure above shows the libraries we have imported and previously discussed, as well as our SentenceTransformer into multilingual-e5-base. This specific model was used due to its multilingual capabilities, and since the project is working with both English and Welsh, this is the desired model to accurately map semantic relationships discussed in Chapter 2.3. The “persistantclient” forces the system to ignore any re-indexing when launching the application, as the system would try to re-index every-time, which would reduce application start up times drastically. Chunking and indexing CorCenCC and Kwici took about 2-3 hours to process, despite the high-end desktop.
[image: ]
Figure 19 - Chunking data from data sources
Figure 19 shows the chunking process. This function allows for long-form Welsh data content to be converted into smaller segments, which allow for it to be stored in the ChromaDB file. The data is first split into a list of words (tokenised) and is stored in “chunks”. When splitting data within a database, it’s improbable that the split will always be clean, therefore a “overlap” is necessary. The overlap means that in the newly generated list of words, there are 300 new words, and 100 words from the previous list. This is to avoid the splitting of words, which can cause LLM errors and thus more hallucinations as the LLM will attempt to pull a random word or rule. The tokenised words are then added together to create a chunk, which is then used for semantic search.
FastAPI implementation

A simple FastAPI was implemented, which allowed the frontend UI and the backend Python files to communicate. 
[image: ]
Figure 20 - FastAPI implementation

In figure 20, we can see the implementation of a simple FastAPI. The FastAPI library has been imported, which is a high-performance web framework built in Python. This allowed for fast and responsive communication between the UI and the RAG pipeline. The CORSMiddleware was also implemented, which made sure that the application was able to communicate with the Python server, as the Flutter app is running on different ports. The CORSEMiddleware is a security feature that allows communication to happen, despite the two running on different ports/origins.

[image: ]When the application is all running (frontend, backend, API and Qwen3), we can see the JSON response being POST via the terminal. This indicates that there is a connection between the UI and the local server, and that the server is receiving the information from the UI. Figure 21 - JSON 200 OK Good Connection


Prompting AI
[image: ]In the figure above, we can see the prompt that is injected into the AI. This provides the rules that the AI must abide by. This gives us the layout of the AI response, which is provided into the AI after a user query. This prompt forces Ollama to respond like a tutor/teacher, rather than a generic translation AI. The prompt also forces Ollama to use the data source “CorCenCC, Kwici and Lessons” to create the best answer possible, rather than using Ollamas own language model. The reduces hallucinations drastically.Figure 22 - AI prompting

[image: ]Figure 23 - Output from AI prompt
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In figure 18, we can see the output of the AI prompt. After asking the AI to create an A1 lesson, it has provided a Tutor answer using the AI prompt that was injected into the RAG pipeline. This allows for the project to achieve Aim 1 in Chapter 1.2. The AI provides the lesson, explains some key phrases, provides two examples and encourages the user to learn in the Welsh language. This still doesn’t reduce hallucinations completely, as we will discuss this in Chapter 5 Evalulation.
A problem occurred when attempting to apply the Welsh flag image into the application. 
[image: ]
Figure 24 - Welsh flag asset issue resolution
When attempting to fix this solution, an issue had occurred, where the project had been working from a folder within the folder. In most cases, this is not a major issue. However, the application did not like the asset file path and therefore opted to create clean the library where the project worked from within Cymro_app, rather than from this same folder within another project called “Cymro”. This was to avoid any issues in the future, as correct library and pathing is essential, especially if this application is to be publicly accessible in the future. 
The flag image not being accessible was resolved after cleaning the library and pathing, allowing for a simple edit within the pubspec.yaml file. If more images are to be added in the future, then the image files can easily be added to the “assets” folder found in the library, and adding the correct file path like seen in the figure below.
[image: ]
Figure 25 - Asset issue resolution

Lesson Creation
In the library figure 17, we can see there is another data folder known as “lessons”. These are lessons written in a simple .txt file, using online examples of Welsh lessons, as well a “The Welsh Sentence builder”, by The Language Gym []. 

[image: ]Figure 26 - Lesson Example creation


















By looking at the .txt file created, we can see a self-made teaching lesson, that provides the application with numbers from 1-100 and providing examples and rules. This was created to allow RAG to draw information from these lessons to provide pronunciation rules and examples. 
[image: ]Before the Flutter application launches up onto the web server, a simple test is displayed in the terminal to confirm whether the data sources have been indexed. If ChromaDB is empty, then the data sources will be indexed, taking anywhere between 2 and 4 hours.

Figure 27 - Index correct

From a simple line of code, we can see that all data sources have been indexed correctly for RAG.

5. Evaluation

This chapter evaluates the performance of the Welsh Tutor application, focusing on its ability to reduce hallucinations and the effectiveness of the user interface in a learning context, which achieves the primary objective and aim of this project. However, it is not entirely accurate.
Testing against Specification Requirements
		Requirement ID
	Status
	Evidence

	FR002 (RAG Retrieval)
	Pass
	System successfully retrieves context from CorCenCC/Kwici to ground AI responses.

	FR003 (Local Execution)
	Pass
	System runs entirely on local hardware via Ollama and FastAPI, ensuring data privacy.

	FR004 (Chat Interface)
	Pass
	The stateful UI allows for real-time, bi-directional communication between user and AI.

	FR005 (Multilingual)
	Pass
	The multilingual-e5-base model accurately handles English-to-Welsh queries.

	FR001 (CEFR Levels)
	Partial
	The UI allows selection, but the RAG filtering requires manual prompting for full accuracy.


Figure 28 - Requirement Specification Testing


We can see from the figure above that we have achieved several of the requirement specifications, with one only partially passed. Due to time constraints, connecting the UI drop down menu was causing errors and issues, which was never resolved. This is something that would be resolved in future versions of the application, rather than the MVP created for this project.

Testing RAG implementation vs Non-RAG implementation (Welsh Tutor vs Qwen3)

A test that would indicate that the RAG implementation was working better than the original LLM model, would be to ask both applications the same question and compare the results. We stated earlier in the project that “milk” had different linguistic variation, due to “llaeth” being a Southern linguistic variation, and “llefrith” being a Northern linguistic variation.
[image: ]
Figure 29 - Welsh Tutor application milk translation

[image: ]When looking at figures 23 and 24, we can see a difference in the responses. In figure 23, the Welsh tutor application, the application has answered somewhat correctly. It has provided the correct translation, and has provided one correct example, with the other being incorrect. The Welsh tutor application suggests that “eyes can produce milk”. Figure 30 - Qwen3 milk translation

“Llygaid” is the direct translation to eyes, so the application is wrong when creating a second example with a sentence.
If we compare to the Ollama Qwen 3 original LLM model, we can see that the translation is wrong. It translates “eyes” to “milk”. This is incredibly interesting, as we can see that both applications have used the same Welsh word in both responses (being llygaid). From this test, we can deduce the original LLM is still influencing the Welsh Tutor Application, as it wants to provide “llygaid” as a response. 
Despite this, we can see that the implementation of RAG and semantic searching increases the accuracy of the LLM, especially in the Welsh language medium.

A second test was conducted on a different topic to confirm the theory that the RAG is working better than the original LLM model. 

[image: ]The test conducted was asking both application “Can you tell me when Christmas is in Welsh?”, which is to test sentence structure in both applications.

Figure 31 - Evaluation of Christmas in Welsh Tutor Application

[image: ] By comparing the two responses again, we can see a major difference in responses. The Welsh Tutor application is 100% correct, using correct translation as well as correct sentence structure. It also provides two examples, which includes a colour, which is a different topic, but works well with the “Tutor” conversation feel the application is attempting to portray. It also provides an example of “birthday”, which can easily replace “Christmas” within the same sentence.Figure 32 - Evaluation of Christmas in Qwen3

Qwen 3 has translated the sentence basically correct (standard translation), but attempts to teach the user how to ask “When is Christmas”, asking “Prynhawn y Nadolig?”. Prynhawn is incorrect, as this translates to “afternoon”. This indicates that the RAG implementation is working better than anticipated when it comes to Welsh sentencing. 
If provided with both applications, the Welsh tutor application looks to work more effectively based on these two tests.
Performance Evaluation

When comparing the speed of both applications, the Qwen3 terminal does provide a response quicker. The Welsh application takes between 5 and 10 seconds depending on the prompt, which suggests that it’s retrieving the best response from the semantic search, and injecting the AI prompt before provided a response. 

[image: ]We do have to consider that the application is being refreshed with the prompt, and there are several widgets and an image being processed, compared to the few lines of text provided by Qwen3.Figure 33 - Possible issue where application is slower

In the figure above, the Welsh application draws the best 5 semantic search results from the collection and compares it to the question provided by the user. This was initially only 3 results each. This was increased to improve accuracy of the application, and reduce hallucinations, which is the primary objective. The application was still slower than Qwen 3 when providing 3 responses but has slowed down a little more now with 5. However, due to the primary objective being to test both applications for hallucinations, this has been kept at 5 to remove likelihood of hallucinations in the applications.

[bookmark: _Toc228483449]6. Conclusion and Recommendations
6.Conclusion of the project

After the development, research and evaluation of the application, we can confidently say that the Cymro Welsh tutor has achieved its primary goal – testing and applying whether the Welsh language can be implemented using RAG techniques within larger LLMs. It bridges the fap between a generic AI chatbot like Qwen3 and utilises RAG architecture effectively.
The Cymro tutor application utilises a simple frontend made in Flutter, which manages user states and provides near correct lessons and responses. It effectively communicates with the backend Python. This is all run locally, which avoids any GDPR and security issues, and a mobile safe version can be implemented in the future, using Docker to run the Python server and store the indexed data sources.
The RAG intelligence layer has correctly stored indexed Welsh data sources from CorCenCC, Kwici sentencing project and the formal lessons created personally. We have evidence of this in the Evaluation Chapter
This project proves that it is possible to integrate languages effectively into LLM via RAG chunking and embedding techniques, and that creating an AI tutor is possible. There are ethical considerations to remember about this however, as security on LLMs and applications like this are an issue. The Welsh tutor application shouldn’t maintain any user data, however more research would be needed to create a fully secure functioning mobile application.

Recommendations
Future updates to the application should make the application more attractive when learning and attempt to gain retention within the public. Survey can be conducted to provide general public feedback, as well as more research into high retention mobile application, which would allow this application to grow. Things like gamification and progression tracking would be beneficial for an application like this.

More lessons would need to be created, allowing for a broader use of CEFR levels. This means more chunking and indexing, as well as creating functional lessons for both North and South linguistic variation. 

More testing is recommended with multiple users. This would allow for more feedback on the feel of the application. 

A more confident team-leader and developer would also be a wise recommendation, as time-management and scope creep were a major issue.

Implementing long-term conversational memory would also be beneficial for this application. This would allow the AI and user to return to former lessons, as well as refence topics discussed and mistakes made both by the AI and the user.

[bookmark: _Toc228483450]
7. Reflection
Working on this project has provided valuable knowledge and experience in creating an application through Flutter, that implements a RAG pipeline that draws the information from chunked data-sources. This project has allowed for development of coding skills, the ability to debug and allow frontend UI and a backend to communicate effectively. 
New information was learned about how inaccurate LLM models can be, despite having been taught on large amounts of data, and how Welsh data-sources (with the implementation of RAG) can be used to reduce errors and hallucinations when using Welsh in AI models such as ChatGPT and Ollama.
By using the methodology stated in Chapter 3, it allowed for changes to be made there and then to the code that allowed for noticeable improvements. This allowed for increased quality of responses from the AI by making small adjustments, rather than completing the full application and going back to adjust.

At the initial proposal stage, the project objective was to create a high standard functioning Welsh tutor application that allows users to learn audibly and through text, the Welsh language. There was an overestimation in the project objective to create a full functioning application in the timeframe provided, and with no previous knowledge of how to create a functioning UI in Dart, limited experience and knowledge in Python, the application created is not to the high standard expected at the start of the project, but this is only a MVP of the application, but still displays good use of RAG techniques that would be beneficial in the future.
Future development of this application to provide a higher quality application would be to focus on increasing the dataset with other Welsh data sources, creating the ability for the application to implement a text-to-speech/speech-to-text similar to Macsen (Chapter 2.2) and enhancing the interactivity of the application and tutor. 
By referencing applications like Duolingo, gamification would also like to be implemented in the future, which would allow for user to be more engaged when learning the language and become a more engaging and effective learning tool for education.
If the project was to be done again, a better following of a time-schedule would need to be implemented to allow for an issues and problems, providing testing with other users as this is something that is missing from this project. A survey asking Welsh users whether an application like this would be beneficial, or querying whether English speakers would use to learn Welsh, especially when Duolingo exists.

Overall, this project has completed several aims, and partially achieved the overall objective, by learning new skills in Flutter and learning RAG techniques. Despite being disappointed in the product displayed in this project, the learning of new skills and techniques has been challenging and educational and has provided a project to continue working on for the future.
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The word for milk in Welsh is llaeth.
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import os
import chromadb

import pandas as pd

from sentence_transformers import SentenceTransformer
import requests

print("Loading embedding model
model = SentenceTransformer("

)
ntfloat/multilingual-es-base™)

client = chromadb.PersistentClient (path="./chroma_db")

lessons = client.get_or_create_collection("lessons”)
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From fastapi import FastAPT

From fastapi.middleware.cors import CORSMiddleware

From pydantic import BaseModel

From test_rag import search_collection, ask_ollama, lessons, kuwici, corcencc

app = FastAPI()

app.add_middleware(
CORSMiddleware,
allow_origins=["
allow_credential
allow_methods=[™
allow_headers=[™

class ChatRequest (Basetodel):
message: str
level: str = "m"
practice_ansuer: str

@app.post("/chat™)

def chat(req: ChatRequest):|
lesson_results = search_collection(lessons, req.message, n_results=5)
kuici_results = search_collection(kuici, req.message, n_results=s)
corcence_results = search_collection(corcencc, req.message, n_results=5)
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Follow this structure:

1. Answer the question clearly

2. Explain the key phrase simply
3. Give 12 examples

4. Ask ONE short practice question
5. Encourage the learner

Rules:

- Use simple Welsh and English explanations

- Prefer lesson and example data

- Do not just give a translation without explanation

- You must PRIORITIZE the provided Lesson, Examples, and Vocabulary context.

- If the provided context contains a specific grammar rule or phrase, use it even if it contradicts your internal training.

- If the question is about age and the context contains 'Faint yw eich oed’, you MUST use that phrase.

- NEVER use ‘Sut ydych chi’ to mean "How old are you'.

- Keep explanations simple for a {level} learner.

- If the context does not contain the answer, say "I am not sure based on my current resources, but here is a general Welsh tip...
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Ask your Welsh tutor.
(can you provide me a AT lesson

‘ Your answer (practice)

B Anfon / Send

Ateb y Tiwtor / Tutor's Answer

*1. Answer the question clearly**
Sure! Let's learn how to greet someone and ask how they are in Welsh.

*+*2. Explain the key phrase simply**
- #*Shwmae** = Hello (like saying "Hi" in English).

- *%Sut wyt ti?** = How are you? (literally "How are you?").
- **Dwi'n iawn** = | am fine/good (literally "l am good").

**3. Give 1-2 examples**
- **Shwmae! Sut wyt ti?** (Hello! How are you?)

-**Dwi'n iawn, diolch!** (I am fine, thank you!)

4. Ask ONE short practice question**
**Shwmae! Sut wyt ti?** (Hello! How are you?)

**5. Encourage the learner**
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TOPIC: Using numbers and saying your age
GOAL: Learning to state your age
VOCABULARY:

1-10:
1= un (een)
2 = dau (dye)
3 = tri (tree)
4 = peduar (ped-uar) (rolling R)

5 = pump (pimp)

6 = chuech (kh-wekh) (guttural, almost like clearing throat)

7 = saith (s-eye-th)

8 = wyth (wi-th, pronounced "0i" with w instead of o, th pronounced softly, see Thanos)
9 = naw (now)

10 - deg (deg)

un ar ddeg (een ar deg) or un deg un (een deg een)

deuddeg (day-theg) or dau ar ddeg (dye ar deg)

tri ar ddeg (tree ar deg)

peduar ar ddeg (ped-war ar deg)

pymtheg (pum-theg)

un ar byntheg (een ar bum-theg) or un deg chuech (een deg kh-wekh)
un deg saith (een deg s-eye-th)

deunaw (day-now) or un deg with (een deg wi-th)

un deg naw (een deg now)

ugain (ee-gine)

20-30
dau ddeg = 20, we then say dau ddeg un (21), following 1-16 but with the addition of "dau ddeg”

EXAMPLE:
dau ddeg pump = 25

30-99
We follow the same rule for 20-39, just changing the starting number

EXAMPLE:
tri deg pedwar = 34
peduar deg pump = 45
saith deg dau = 72
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‘Ask your Welsh tutor.
(how do i say milk in welsh ‘

| vour answer oractice |

B Anfon / Send

Welsh.

3. %Give 1-2 examples**:
- #Dyma llaeth.** = This is milk.
- **Mae llaeth yn gynhyrchu llygaid.** = The milk produces eyes (a simple example to show the
word in a sentence).

4. **Ask ONE short practice question**
*Sut yw' llaeth yn y sylfaen?** = How is the milk in the basic (or "standard") one? (You can
answer with "Mae'n iawn' - it's good)
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The word for "milk” in Welsh is **"1lygaid™** (with an apostrophe between the *y* and *g¥).
### Example:
- **"Dyna 1lygaid.”** = "This is milk.”

### Notes:
- Welsh uses the apostrophe in words like *1lygaid® to indicate a soft *g* sound (similar to the *th* in "think").
- In some older texts or dialects, you might see it spelled without the apostrophe (*llygaid*), but the modern standard spelling includes it.
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‘Ask your Welsh tutor.
Can you tell me when Christmas is in Welsh?

[

Your answer (practice)

B Anfon / Send

Ateb y Tiwtor / Tutor's Answer

1. **Answer clearly**: Mae Nadolig ym mis Rhagfyr.
2. **Key phrase**: *Ym mis..." means "in the month of.." (e.g., "ym mis Rhagfyr” = "in December").
3. *Examples**:

- Mae fy mhen-blwydd ym mis Mai. (My birthday is in May.)

- Mae'r eira yn wyn ym mis Tachwedd. (The snow is white in November.)
4. **Practice question**: Ym mha fis mae dy ben-blwydd di? (In which month is your birthday?)
5. **Encouragement**: You're doing great! Learning months and dates is a big step. &

If you answered "Mae Nadolig ym mis Rhagfyr, that's perfect! &
If you made a small mistake, don't worry—practice makes progress!
**New question**: Pa lliw yw'r awyr? (What colour is the sky?)
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1 should clarify both possibilities. First, confirm that Christmas is on the same date in Wales, then provide the Welsh word for Christmas. Also, offer
‘the phrase "when is Christmas™ in Welsh in case that’s what they meant. Make sure to be clear and helpful, addressing both potential misunderstandings.
++.done thinking.

In Welsh, **Christmas** is called **"Nadolig™** (pronounced "na-DOOL-ig"). It is celebrated on the same date as in other countries: *%25 December** (25
Rhagfyr in Welsh).

If you're asking about how to say **"hen is Christmas2"** in Welsh, it would be:
**"Prynhaun y Nadolig?™** (literally "hen is Christmas2").

Let me know if you'd like help with other phrases or traditions! @
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lesson_results = search_collection(lessons, question, n_results=5)
kuici_results = search_collection(kwici, question, n_results=5)
corcencc_results = search_collection(corcencc, question, n_results=5)
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