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ABSTRACT 

 

Mandarin has become one of the most important languages in the world due to China's 

significant influence on economics, politics, and culture. Although its economic and political 

rise has increased its importance, learning Mandarin as a second or foreign language remains 

a considerable challenge, particularly for native English-speaking children due to tonal 

variations, complex grammar, and limited access to engaging and age-appropriate resources. 

However, most existing learning applications, such as Duolingo, HelloChinese, Studycat, and 

ChineseSkill, provide learning materials that teach Mandarin via English but lack essential 

features, including real-time translation, text or image summarization, and personalized 

learning paths. These applications often prioritize vocabulary over critical language skills, such 

as pronunciation and grammar, while adopting a one-size-fits-all approach that does not adapt 

to individual proficiency levels. This project aims to deliver a user-friendly mobile application 

that helps English-speaking children aged 10 to 12 effectively learn Mandarin through English 

as an assisting language, addressing limitations in existing applications. The proposed 

application provides interactive lessons and exercises that cover Pinyin, Chinese characters, 

grammar, and speaking skills. Advanced features such as real-time translation and a 

summarization tool are integrated into the proposed application for self-directed learning. It 

also includes interactive elements, such as real-time feedback and a reward system, to motivate 

the children throughout the learning process. To ensure personalization, the system includes an 

entry-level test and leverages a Support Vector Machine model to predict learner performance. 

This model achieved 97% accuracy and 95.65% F1-score, allowing the application to 

recommend target review sessions for learners predicted to perform poorly. The proposed 

application is developed using agile methodology and technologies such as Android Studio, 

Amazon Web Services, Firebase, Jupiter Notebook, the Gemini API, FastAPI and Google 

Translation packages. 

 

Area of Study (Maximum 2): Mobile Application Development 

 

Keywords (Maximum 5): Mandarin Learning, Children Education, Personalized Learning, 

Mobile Application, Machine Learning 
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CHAPTER 1 

 

Introduction 

1.1  Problem Statement and Motivation 

Mandarin has gained significant prominence as a second or foreign language inside and outside 

China [1]. The main reasons are that China is the largest country with a population and the 

second biggest economy globally, causing the increased interest in learning Mandarin as a 

pathway to economic opportunities and international trade. By 2100, 55.3% of countries 

worldwide will be widely using Mandarin [2]. Early Mandarin learning can lead to near-native 

pronunciation and better cognitive development, are proved in the study [3,4]. This can provide 

more opportunities in future academic and professional pursuits compared to their monolingual 

peers. However, learning Mandarin poses challenges for native English-speaking children. 

Pronunciation, tonal variations, and complex grammar make it difficult for them [5]. 

Traditional language classes are expensive and may not provide personalized attention. The 

studies in [6, 7] emphasized the promise of mobile applications as the future of education by 

showing them to be efficient tools for personalized and flexible learning. 

 

Many existing Mandarin learning applications that leverage English as an assisting language, 

such as Duolingo [8], ChineseSkill [9], Studycat [10], and HelloChinese [11] often fall short 

of the different needs that different learners may have, which lack features such as real-time 

translation and text and image summarization, which are the most essential features allowing 

users to engage in immersive and self-directed learning. 

 

Furthermore, some applications neglect critical language skills, such as speaking and grammar 

practices. For example, Duolingo [8] emphasizes vocabulary but provides insufficient speaking 

practice, and both Duolingo [8] and HelloChinese [9] provide inadequate grammar practices. 

Grammar is essential in language learning because it is the basis of effective communication 

and writing.   

 

Moreover, the existing applications such as HelloChinese [9], StudyCat [10], and ChineseSkill 

[11] follow a one-size-fits-all approach, disregarding the individual differences in proficiency 

levels. This causes some children to be overwhelmed with advanced material or not receive 

enough challenges. 
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The motivation of this proposed application is to provide an accessible and interactive mobile 

application for English-speaking children who are non-native Mandarin learners, whereby 

children can easily learn Mandarin through English and promote bilingual education. This is 

because the importance of Mandarin and the value of bilingualism are increasingly growing. 

There are many applications for learning Mandarin from English available in the market, but 

most of the applications lack comprehensive and personalized learning preferences. This 

proposed application benefits users by offering a personalized and engaging Mandarin learning 

experience for English-speaking children. It facilitates vocabulary acquisition, promotes self-

exploration, and guarantees that users receive appropriate challenges and assistance to progress 

effectively by integrating real-time translation, text and image summarization, interactive 

exercises, and personalized learning paths through machine learning. In short, the motivation 

of this project is to offer an effective Mandarin learning mobile application that assists English-

speaking children in enhancing their Mandarin skills. 
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1.2  Objectives 

This project aims to deliver an effective and comprehensive Mandarin learning application 

specifically designed for English-speaking children to improve their Mandarin language skills. 

The following are the project's objectives: 

• To integrate advanced language learning features that promote self-directed learning, 

enabling enhancements of personalized learning preferences. 

➢ Develop a real-time translation function that supports both text and voice inputs to 

facilitate the process of learning new vocabulary and help the children gain a wide 

range of new vocabulary. 

➢  Implement text and image summarization features that allow the children to 

explore and summarize the learning material beyond the syllabus and tend to 

encourage them to explore topics of interest. 

 

• To provide personalized learning paths that are suitable for children's pace and enhance 

their learning outcomes. 

➢ Implement an effective machine learning model that will predict future 

performance, making adjustments to the learning path and ensuring that children 

are appropriately challenged and supported. 

➢ Provides an entry-level test to ensure the content of the lessons and exercises aligns 

with the learning pace and ability of the children. 

 

• To provide interactive and comprehensive lessons and exercises that hold the attention of 

children and enhance their language skills. 

➢ Provides thematic lessons and exercises that cover important areas such as Pinyin, 

Chinese Characters, grammar, and speaking to help children develop their 

Mandarin skills in all aspects. 

➢ Integrate a reward system that motivates children by awarding badges for 

achievements, encouraging consistent progress. 

Implement a real-time feedback system to help the children to track their progress, understand 

what mistakes they committed, and strengthen their knowledge. 
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1.3  Project Scope and Direction  

The project scope is as follows: 

• Target User: Native English-speaking Children between the ages of ten and twelve. 

This age group was selected because cognitive and linguistic research highlights that 

children in middle to late childhood have strong abilities to acquire a second language 

while also being able to engage in structured and interactive digital learning. 

• Main Language: Mandarin (primary focus for learning) 

• Assistant Language: English (Support for explanations and translation) 

• The dataset used to train the performance prediction model is obtained from Kaggle 

and titled Student Exam Performance Prediction [22]. This dataset is suitable 

because it contains two key input variables, which are study hours and previous exam 

score, to train a binary classification model to predict whether a user will pass or fail 

the current level assessment.  

• This project will deliver a mobile application using Flutter.  

• The study and assessment resources are derived from the Confucius Institute at the 

University of Manchester [23] and the official Hanyu Shuiping Kaoshi (HSK) 

textbooks [24, 25, 26]. This ensures that lessons and exercises are aligned with 

internationally recognized standards for Mandarin learning.  

• The image resource for the lesson and exercise is retrieved from Freepik [27]. 

 

1.4 Contributions 

The primary contribution of this project is to deliver an effective mobile learning application 

especially designed for English-speaking children to facilitate Mandarin language learning via 

English. Implementing the essential features that are lacking in the existing learning 

application, such as real-time translation and text and image summarization, will ease the 

learning process and promote a self-directed learning process. These features enable children 

to seamlessly translate and summarize Mandarin content, making it easier to explore and 

understand new vocabulary and other educational materials beyond the application. 

Furthermore, the proposed application of this project provides comprehensive exercises to help 

children enhance Mandarin skills in all aspects. By offering an interactive and personalized 

learning experience, the proposed application ensures the exercises provided align with their 

current proficiency levels and learning pace with game-based learning elements such as instant 
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feedback. In order to make sure the children are capable of moving on to the next level, the 

proposed application applies a machine learning model to predict their performance before they 

proceed. As the demand for Mandarin learning continues to grow globally, particularly among 

English-speaking communities, an effective Mandarin learning application via English is 

important to enhance Mandarin language skills effectively and prepare them for the future. 

 

1.5  Report Organization 

The following chapters provide a detailed breakdown of this project. Chapter 2 reviews several 

existing Mandarin learning applications on the market, specifically designed for English-

speaking children, as well as reviews of machine learning models. It includes a critical analysis 

of their features and limitations, followed by a proposed solution that solves the identified 

limitation. Chapter 3 outlines the system methodology, system requirements, and a timeline of 

milestones of this project. Chapter 4 presents detailed system design, including system 

architecture, use case diagram, and activity diagram. Chapter 5 covers the implementation of 

the application and highlights the implementation challenges. Chapter 6 discusses performance 

between the models and evaluates the system. Chapter 7 wraps up the report by summarizing 

the outcomes and recommendations. 
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CHAPTER 2 

 

Literature Reviews 

2.1 Introduction 

This chapter focuses on reviewing the current similar learning application specifically 

developed for English-speaking children by analyzing its advantages and disadvantages and 

suggesting a solution that is more effective and addresses the current limitation that exists in 

the reviewed application. This chapter aims to find the gaps and propose solutions to address 

the limitations in the existing applications. 

2.2 Evaluation of Existing Similar System 

2.2.1 Duolingo 

Duolingo [8] is a famous language learning app that includes courses in many languages, 

including Mandarin. This application intends to provide language learning that is cost-free, 

enjoyable, and available to all people. The application offers a personalized learning path for 

all users, allowing them to learn language at their own pace. The main features of Duolingo in 

Mandarin learning are that it provides gamified learning experiences for users, personalized 

learning paths, and interactive lessons. The study in [12] proved that Duolingo would be a 

useful application for beginners to learn Mandarin as a second language. Most of the 

participants had remarkable improvements in their scores, including those who had never 

studied Mandarin before. 

One of the primary features of Duolingo is it offers a personalized learning path according to 

the level of the user. Upon registration, users can choose their starting level depending on their 

ability. For instance, if a user selects "I'm new to Mandarin," they will begin with their lesson 

as a beginner. If a user selects that they already know some basic Chinese, they will be given 

a test to assess their current level. According to the results, the application will suggest the 

users either start with more accessible lessons if they fail the test or continue with the current 

level, ensuring that users begin at the most suitable level for their skills. 

Figure 2.1 shows that Duolingo provides a set of interactive lessons and practices for the user 

to practice their reading, writing, and listening skills. It requires the user to reattempt the wrong 

questions until the user passes the exercise to ensure that the user has the ability to move to the 
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next level. Users enhance their range of vocabulary, sentence construction, and the reading of 

the words via interactive listening practice and writing prompts. This application is most 

accessible for English speakers, as lessons are conducted in English, which is widely spoken 

globally. However, one limitation of Duolingo is that free users can only have a certain number 

of "hearts". Each mistake consumes one heart, and the user needs to wait four hours to get it 

back. Users must pay in order to get unlimited hearts. 

 

Figure 2.1 Homepage of Duolingo (Left) and Question of Exercise (Right) 

Duolingo provides immediate feedback for each question and exercise, which reinforces 

learning. The application also contains a reward system that recognizes the progress of the user 

with performance metrics, streaks, and achievements. As shown in Figure 2.2, Duolingo 

contains gamified elements such as streaks, daily goals, and leaderboards, encouraging users 

to continue with the learning process. Users will get the streaks for daily learning, and the 

application sends reminders to encourage practice. If the users hit the mark of a targeted streak 

or achievement, the application will grant more incentives to them, and leaderboards are 

provided to enable users to track their progress against others. 
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Figure 2.2 Streaks (Left) and Leaderboard (Right) in Duolingo 

Meanwhile, Duolingo offers Pinyin and Hanzi lessons, which are essential components of 

learning Mandarin. Pinyin is a Latin alphabet-based transliteration of the Chinese phonetic 

system which helps users pronounce Chinese characters accurately [13]. Hanzi lessons help 

users recognize and understand Chinese characters, enabling them to improve their reading and 

writing skills [14]. By learning Pinyin, users can easily read and pronounce new words before 

mastering Hanzi. 

To sum up, Duolingo is a helpful language learning tool because it adapts to learners through 

gamification and personalization. It allows the users to learn at their own pace by giving them 

opportunities to choose levels that match their proficiency level. Provides engaging lessons, 

rewards, and game-like features to keep users engaged and motivated. However, Duolingo has 

its drawbacks. For instance, the application mainly focuses on vocabulary with insufficient 

speaking practice in order for the users to master the pronunciation and lack of grammar 

explanations.  
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2.2.2 HelloChinese 

HelloChinese [9] is a popular and comprehensive Mandarin language learning application, 

similar to ChineseSkill [11], oriented for the target group of English-speaking beginners of 

Mandarin, including children. This application is designed to help beginners and children in 

learning Mandarin from basic to conversational proficiency through effective and engaging 

guidance. The application consists of 46 units covering different language aspects such as 

pronunciation, vocabulary, grammar, and others [15]. It offers game-based learning, a speech 

recognition system to improve pronunciation and a spaced repetition system to help the user 

memorize the vocabulary [9]. 

HelloChinese offers users a game-based learning experience that keeps them motivated and 

engaged. Before starting the learning journey in HelloChinese, users must choose their level, 

either as a beginner or as basic in Mandarin. According to Figure 2.3, HelloChinese is designed 

for theme-based lessons. Each theme contains interactive lessons and exercises, which are 

designed like a game. For example, users can choose their answers and receive instant 

feedback. If the answer is correct, positive reinforcement is provided, such as receiving rewards 

for successful actions in an exercise. 

 

Figure 2.3 Interface of Learning Features in HelloChinese 

Based on Figure 2.4, HelloChinese provides speaking exercises in daily life conversation 

practices and every theme-based lesson for the user to practice their pronunciation. Users listen 

to the provided audio and then repeat the sentences. The application will evaluate their 
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pronunciation using the speech recognition system and give a rated score according to 

pronunciation accuracy. However, full access to all lessons and practices requires a Premium 

subscription. 

 

Figure 2.4 Speech Recognition Feature of HelloChinese 

Furthermore, HelloChinese included a spaced repetition system for the purpose of vocabulary 

memorization [9]. According to [16], spaced repetition is an approach for going over the 

content at regular intervals, assisting in long-term memory retention. As shown in Figure 2.5, 

HelloChinese provides a spaced repetition where the users can revisit the vocabulary and 

grammar they have learned previously in the "Today's review task" or "already learned" 

feature. The spaced repetition review allows users to revisit any vocabulary and grammar they 

have studied. The application categorizes areas, based on the user's performance, as weak, 

medium, and strong and provides targeted review exercises to focus on areas needing 

improvement. 
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Figure 2.5 Spaced Repetition Feature in HelloChinese 

Despite its strengths, the review in [15] highlighted that the primary weakness of this 

application is its improper handling of Chinese ontology, particularly for the repetition of 

monosyllabic verbs where the tone of the second vowel, which ought to take up a light sound, 

does not change. For example, in lesson two on Hobbies, the phrase "tīng tīng yīn yuè" means 

listening to music, showing the second repeated syllable in its original tone instead of the light 

tone. 

In addition, the study in [15] found that grammar teaching is poorly organized and over-

simplified because new grammar rules would come now and then within a lesson without 

further explanation about the grammar rules. 

In short, HelloChinese is an interactive Mandarin language application suitable for beginners 

and children who want to build a foundation in Mandarin. It contains many useful features such 

as game-based learning, spaced repetition review and speech recognition that help the users 

develop Mandarin skills in all aspects. However, the application has some shortcomings, such 

as Chinese ontology problems, insufficient explanation and organization of grammar, and 

requires a subscription fee to unlock all the lessons and practices. 
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2.2.3 Learn Chinese-Studycat 

Learn Chinese-Studycat [10] is a very well-renowned Mandarin learning application for 

children. It won numerous awards, such as the National Parenting Award in 2018 and the 2022 

ASU+GSV Summit Award [10]. It uses a game-based approach to make learning Mandarin 

fun and engaging, effectively attracting the attention of young learners, and thus, their interest 

in the learning process is maintained accordingly. 

The biggest concerns of parents when choosing educational applications for their children are 

internet safety and the appropriateness of content. Studycat addresses these concerns by 

providing a secure learning environment that is free from advertisements when the user is using 

the application and ensuring all the contents are age-appropriate for children. This commitment 

to safety and quality has made it reliable for parents. Figure 2.6 shows that parents are required 

to enter the nickname and age of their child, and it has a simple verification test to verify 

whether the registrant is grown-up or not. 

 

Figure 2.6 Registration Process of Studycat 

After signing up, users are directed to a user-friendly homepage designed specifically for 

children. According to Figure 2.7 below, the homepage included various themed lessons and 

games covering topics such as animals, colors and foods. The intuitive interface and clear 

layout ensure easy navigation and are attractive to children. Although part of its lessons and 

exercises is free to use, full access requires a subscription. 
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Figure 2.7 Homepage of Studycat 

Based on Figure 2.8 below, Studycat offers customized learning because the user can set their 

difficulty level, which starts from easy, medium or hard. However, it is important to make sure 

the chosen difficulty level is in accordance with the user's skill. Each difficulty level includes 

the same themed lessons and interactive game-based exercises but will introduce vocabulary 

appropriate to the level. For example, Figure 2.9 depicts a matching game where the user must 

select matching animal pictures, and immediate feedback is provided based on the selection of 

the user. When the user clicks on each picture, an animal's name is spoken by a native Mandarin 

speaker to help children learn proper pronunciation. These interactive games-based exercises 

not only aid in language acquisition but also foster problem-solving and critical-thinking skills. 

 

Figure 2.8 Difficulty Level Selection Feature 
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Figure 2.9 Matching Game in Animal Lesson 

In conclusion, Studycat has successfully combined game features and language learning into a 

safe and interactive application. The application offers an interactive and positive environment 

in which to learn Mandarin through the different theme-based interactive lessons and games to 

build up his or her language skills. Moreover, it provides a distraction-free environment 

learning environment for the user to be free from any advertisements and interruptions and 

with ensured internet safety. However, the limitation of Studycat is that it does not provide 

basic users with personalized free practice and accessibility to all the lessons [10,17]. 
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2.2.4 ChineseSkill 

ChineseSkill [11] is a well-known application for beginners in learning Mandarin. It included 

more than five hundred entertaining and educational mini lessons that help users develop 

speaking, listening, reading, and writing skills. This application is designed by qualified 

Chinese as Second Language (CSL) educators and includes the vocabulary and grammar 

needed for passing Hanyu Shuiping Kaoshi (HSK) 3-4. The study in [18] found that 

ChineseSkill has been proved by earlier studies to be an effective game-based learning tool for 

enhancing CSL learning. 

Based on Figure 2.10, ChineseSkill is divided into four main sections known as "learn", 

"review", "discover" and "me". The "learn" section provides the users with exploring the 

comprehensive lesson and practices given. The "learn" section offers several themes for 

learning, such as "Hello," "My Family," and "Food," guiding users to specific lessons related 

to each theme. The Lesson section has a feature called "Test Out" that allows users to skip the 

lessons after they pass the proficiency test, ensuring the users can progress according to their 

existing knowledge. The "Review" section gives flashcards and key points so the user can 

review it and lets users review and reinforce what they have learnt. The "Me" section displays 

the user profile and the overview of the XP score that the user gained through lessons and 

activities. 

     

Figure 2.10 Homepage of Lesson (Left) and Review (Right) 
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Figure 2.11 shows that after the users select a theme, they can take the lessons and practices, 

including lesson video, dialogue practice, speaking practice and class notes. These hands-on 

activities enhance the critical thinking skill and language skills of the user. This application 

also provides detailed grammatical tips and explanations both during the lesson and in the class 

notes, making the review of key concepts of grammar from the lesson more accessible for the 

user. When one lesson is finished, users get XP points and detailed feedback showing them the 

mistakes they have made and the areas for improvement. ChineseSkill also makes use of speech 

recognition in speaking practice that analyzes the pronunciation of users against native 

dialogue and provides accuracy-based scores. 

 

Figure 2.11 Lessons and Exercises in ChinsesSkill 

Based on Figure 2.12 below, there are additional resources in ChineseSkill under "Discover," 

which has three subcategories. First is "Arcade", where there are game activities that sharpen 

language skills. The second is "Speak Up", which provides situational dialogues relevant to 

daily life in China. Third is "Pronunciation", which teaches users Pinyin and pronunciation 

rules. The downside of this application was its requirement for users to subscribe to its premium 

version for access to lessons and full practice in both "Arcade" and Speak Up. 
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Figure 2.12 Discover Section of ChineseSkill 

According to Figure 2.13, ChineseSkill includes a Chinese-to-English translation feature for 

translating single words from Mandarin to English or vice versa within the context of the 

lessons. However, this feature is restricted to text-based translations within the syllabus of the 

lesson in the application and is only available in the web version. This limits the situation in 

which the user can be exposed to vocabulary outside of the syllabus and reduces the self-

learning opportunities for the users. 

 

Figure 2.13 Translation Feature in ChineseSkill 

In short, ChineseSkill is a user-friendly Mandarin learning application designed for English-

speaking beginners and children, offering a wide range of lessons to enhance the language skill 

and align with Hanyu Shuiping Kaoshi (HSK) 3-4 exam preparation. The game-based 

approach, comprehensive curriculum and practices, detailed grammar explanation, and speech 

recognition system provide an engaging and effective learning environment. However, some 

of its drawbacks are restricted access to premium content and the lack of real-time voice 



Bachelor of Computer Science (Honours)  

Faculty of Information and Communication Technology (Kampar Campus), UTAR 
    18 
 

recognition translation, which may hold users back from an overall experience. Even so, 

ChineseSkill is still a useful tool for building a solid foundation in Mandarin.  
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2.3 Critical Analysis 

This section critically analyses the learning applications reviewed in Section 2.2, including 

Duolingo [8], HelloChinese [9], Studycat [10], and ChineseSkill [11] as summarized in Table 

2.3.1. 

2.3.1 Duolingo 

The advantage of this application is that it provides a gamified learning experience for users 

that enhances user engagement and motivation for continuous learning. It also provides free 

interactive lessons and exercises but requires users who do not pay a subscription fee to view 

some advertisements to explore all lessons. In addition, provides personalized learning path for 

every user to assists them in learning at their own pace and boosts their commitment to learning. 

However, there are some drawbacks of this application. This application offers inadequate 

speaking practices, and the basic user is limited by the “heart” system, which restricts learning 

if mistakes are made. Furthermore, this application lacks detailed grammar explanations that 

might make it difficult for the users to understand the construction of the sentences. It also 

lacks real-time voice recognition translation and text or image summarization features, making 

it less suitable for children who want to acquire the language in-depth. 

 

2.3.2 HelloChinese 

This application benefits users by integrating speech recognition technology to improve their 

pronunciation and speaking skills. The spaced repetition system in the application helps the 

user gradually reinforce the vocabulary over time while offering a game-based learning 

experience via interactive lessons and exercises with instant feedback. However, the limitations 

of this application include the restricted number of free lessons and practices for basic users, 

some occasional errors in Chinese ontology and insufficient grammar explanations. In addition, 

this application also lacks advanced features such as real-time voice recognition translation and 

text or image summarization, which hinder the opportunity for users to explore more new 

learning materials and immersive learning environments.  
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2.3.3 Studycat 

Studycat provides its users with a disturbance-free and ad-free interactive learning 

environment, thus providing a safe and focused environment for the students. However, this 

application lacks the features of real-time voice recognition translation and text or image 

summarization, which makes it less efficient for users to practice communication skills in real 

situations and unable to explore and study the topics they are interested in. It also the user to 

pay a subscription fee in order for them to access all its lessons, including personalized 

practices, which could be a barrier to those who cannot afford the subscription fee. 

 

2.3.4 ChineseSkill 

ChineseSkill is a comprehensive English-to-Mandarin learning application with 

comprehensive grammar tips and explanations and a structured curriculum that benefits 

learners at different levels. The speech recognition technology applied to HelloChinese also 

extends to this application to improve the pronunciation of user. However, it limits free lessons 

and practices for users. Furthermore, this application does not support real-time voice 

recognition translation. It only provides a text-based translation that enables the user to 

translate the words in the syllabus and may limit its utility for immersive learning. Hence, it 

restricts the variety of vocabulary the user can acquire. The application also lacks text or image 

summarization features, which enhances the learning and writing skills of the users by enabling 

users to extract and summarize the text from the images or documents for further study. 
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2.3.5 Summary of Critical Analysis 

Table 2.3.1 Summary of Critical Analysis 

Applications Advantages Disadvantages 

Learn Mandarin 

- Duolingo 

1.  Provide gamified learning 

experiences for users 

2. Provide free interactive 

lessons and exercises 

3. Provide a personalized 

learning path 

1. Limited speaking practices 

2. Lack of grammar rules 

explanation 

3. Lack of real-time voice 

recognition translation 

4. Lack of text or image 

summarization 

 

HelloChinese 1. Provides a spaced repetition 

system 

2. Provide speech recognition 

for users to nail their 

pronunciation 

3. Provide game-based learning  

 

1. Limited free lessons and 

practices 

2. Errors in Chinese Ontology 

Knowledge 

3. Insufficient explanation of 

grammar 

4. Lack of real-time voice 

recognition translation 

5. Lack of text or image 

summarization 

  

Learn Chinese - 

Studycat 

1. Provide interactive lessons 

and exercises 

2. No advertisement 

1. Lack of real-time voice 

recognition translation 

2. Lack of text or image 

summarization 

3. Limited free lessons and 

practices 

4. Required subscription fee 

for personalized practice 
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ChineseSkill 1. Provide a comprehensive 

curriculum and practices 

2. Provide detailed grammar 

tips and explanations 

3. Use speech recognition 

technology for the user to 

practice their pronunciation  

1. Requires a subscription fee 

to access all lessons and 

practices 

2. Only allows translation for 

a single word 

3. Only available in text-

based translation 

4. Lack of real-time voice 

recognition translation 

5. Lack of text or image 

summarization 
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2.4 Review of Machine Learning Models 

Machine learning models are widely used in educational technology to predict student 

performance, recommend learning content, and adapt instructional pathways. For instance, 

prior research [28] used the historical student log data to train models that predict future 

performance in online teaching systems, thereby enabling adaptive learning paths. Similarly, 

the study in [29] also emphasized the role of a machine learning model in assisting educators 

to identify at-risk students early and improve academic outcomes. 

In the context of Mandarin learning applications, the integration of machine learning offers the 

potential to deliver adaptive content that aligns with a child’s current proficiency, guaranteeing 

that learning stays efficient and personalized. Among the numerous models available for 

classification tasks, Logistic Regression [39], Support Vector Machine [40], and Neural 

Networks [41] have been widely used in student performance prediction tasks because of their 

proven effectiveness on a variety of datasets. This section reviews these models, discusses their 

strengths and limitations, and relates their relevance to this project. 

 

2.4.1 Logistic Regression 

A supervised machine learning model that employed a set of independent variables to forecast 

the categorical dependent variable, known as Logistic Regression. Logistic regression converts 

the continuous value output of a linear regression model into a categorical outcome by applying 

the sigmoid function, which maps each actual input from the independent variables to a range 

between 0 and 1 [30]. 

Several studies highlight the effectiveness of Logistic Regression in educational prediction. 

For example, the study [31] demonstrated the effectiveness of the Logistic Regression model, 

using student demographic, activity, and achievement data, which achieved 91% accuracy, 

with 98% precision and recall, making Logistic Regression a reliable early-warning system. 

The simplicity of Logistic Regression also enables educators to interpret which features most 

strongly influence academic outcomes. 

However, the comparative study [32] indicates that Logistic Regression showed moderate 

performance in predicting final exam outcomes compared to Neural Network and Support 

Vector Machine, which can capture non-linear relationships more effectively. This is because 

logistic regression has intrinsic limitations in capturing complicated, non-linear correlations 
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within the data. Despite these limitations, Logistic Regression remains a valuable baseline 

model due to its ease of implementation, high interpretability, low computing cost, and 

accessibility of use [33]. 

 

2.4.2 Support Vector Machine  

One of the common supervised machine learning model is the Support Vector Machine, which 

can be used for both classification and regression tasks. It finds the optimal hyperplane with 

the maximum margin, uses support vectors to define it, and applies the kernel trick for non-

linear data [34]. 

Support Vector Machine has performed well on datasets used in education. A comparative 

study [35] reported that the Support Vector Machine outperformed Decision Trees (93%) and 

K-Nearest Neighbors (94.5%) with 95% accuracy in predicting student performance. The 

research in [36] found that the Support Vector Machine performed better than other prediction 

models, such as the Decision Tree and the K-Nearest Neighbor Algorithm, achieving the 

highest accuracy of 96%. These outcomes can be attributed to the Support Vector Machine's 

ability to manage nonlinear separability, resilience to overfitting, margin maximization, 

effectiveness in high-dimensional spaces, and the use of powerful kernel functions. However, 

there are some limitations in Support Vector Machine (SVM), which make it harder to interpret 

compared to logistic regression, and it may suffer from slow training when dealing with huge 

datasets [34]. 

 

2.4.3 Neural Network 

Neural networks are deep learning and machine learning models that obtain inspiration from 

the human brain. It is constructed from interconnected neurons that process data, recognize 

patterns, and generate predictions [37]. 

Neural Networks have been widely used in educational prediction tasks. The study [32] stated 

that the performance of neural networks has been generally high compared to the K-Nearest 

Neighbor model when forecasting student achievement using midterm scores and student-

related features. Another research [38] trained an Artificial Neural Network on non-personal 
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student data and achieved 93.81% accuracy in predicting academic performance, allowing 

proactive interventions to reduce failure and withdrawal rates. 

However, Neural Networks require large datasets to generalize effectively and are prone to 

overfitting on small datasets. In addition, they require more processing power than Support 

Vector Machine and Logistic Regression. Even if it is powerful, its black-box nature makes it 

less interpretable for educators seeking to understand the underlying factors that influence 

performance [37]. 

 

2.4.4 Summary of Machine Learning Models Review 

Table 2.4.1 Summary of Machine Learning Models Review 

Model Advantages Disadvantages 

Logistic 

Regression 

• Easy to implement and 

interpret. 

• Low computational cost. 

• Effective for early detection 

of struggling learners. 

• Limited in capturing non-linear 

and complex relationships. 

• Lower accuracy compared to 

advanced models like Support 

Vector Machine and Neural 

Networks [32]. 

• Performance decreases with 

high-dimensional datasets. 

Support 

Vector 

Machine  

• High prediction accuracy (up 

to 96%) [35, 36]. 

• Handles non-linear data well 

using kernel trick. 

• Robust against overfitting 

and effective in high-

dimensional spaces. 

• Less interpretable than Logistic 

Regression. 

• Training can be slow on very 

large datasets. 

• Model selection (kernel choice, 

hyperparameters) can be 

complex. 

Neural 

Networks 

• Capable of capturing 

complex non-linear patterns. 

• Achieve high accuracy in 

prediction tasks generally 

[32, 38].  

• Flexible architecture 

adaptable to many tasks. 

• Require large datasets to 

perform well. 

• Risk of overfitting on small 

datasets. 

• Computationally intensive 

(requires more resources). 

• Less interpretable (“black-box” 

nature). 

 

In conclusion, previous research supports the application of these models as viable options for 

predicting learner performance, and each offers distinct strengths and limitations for predicting 

learner performance in a Mandarin learning application. Following this practice, this project 
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uses these three models for experimentation, compares their performance on relevant student 

datasets, and chooses the best model to integrate into the proposed application. 

 

2.5 Proposed Solution 

The proposed application aims to offer a practical and user-friendly learning application for 

children that focuses on learning Mandarin via English and overcoming the weaknesses found 

in similar existing applications. The proposed application focuses on key areas, including 

providing comprehensive exercises, personalized learning paths, real-time translation, and text 

and image summarization to help user enhance their Mandarin proficiency in all aspects.  

First of all, the major limitations of all the reviewed existing applications are the lack of real-

time translation and text or image summarization features. This limited the capability of the 

user to explore new vocabulary and study materials outside the syllabus of the application. In 

this regard, the proposed application will include real-time translation that would work for both 

voice and text content. The users can translate Mandarin to English and vice versa, making 

immersive learning more accessible and allowing the user to acquire more new vocabulary 

beyond what is covered in the application syllabus. 

Additionally, the proposed text and image summarization feature will enable users to scan the 

Mandarin text from the images and summarize the content. This feature gives users an 

opportunity to access more study materials outside the application, improving their reading and 

writing skills and helping them gain a broader vocabulary. 

One drawback of certain existing applications is their failure to offer personalized learning 

experiences that align with the user's proficiency level. The proposed application will start with 

an entry-level test to evaluate the current level of proficiency of the user. Based on the result, 

the application will assign the exercises that are appropriate for their level of understanding. 

This ensures that they are not overwhelmed or under-challenged and allows them to learn at 

their own comfort level. 

The proposed application will include interactive elements, which provide real-time feedback 

and rewards when users complete exercises. This approach increases user engagement as well 

as motivation during the learning process. The proposed application also covers detailed 

grammar practices, which are often missing in the existing application, that specifically teach 
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the essential grammar rules via exercises that help the users to build a solid foundation in 

Mandarin. 

Furthermore, a machine learning model that can predict users' future performance will integrate 

into the proposed application. This model can predict whether a user has the capability to 

succeed at a particular level based on their previous assessment score and study hours. If the 

model predicts the user is not capable to pass the current level assessment, the proposed 

application will provide focused review sessions on areas where users need to reinforce. For 

example, if a user repeatedly makes a mistake on a particular grammar concept, then in such 

cases, the proposed application will provide additional practice so that the user will be equipped 

with the capability to advance to the next level. 

To sum up, this proposed application addresses the limitations of the reviewed application by 

offering the features of unlimited lessons and exercise access, personalized learning paths, real-

time translation, and text and image summarization. These improvements will make learning 

more accessible and flexible for every user, including children with different levels of language 

proficiency. 
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CHAPTER 3 

 

System Methodology/Approach 

3.1 Proposed Method/Approach 

The development methodology used in this project to develop the proposed application 

is Agile. This is because Agile methodology is suitable for the small project team and 

complicated projects due to its adaptability and iterative nature [19]. Unlike traditional 

methodology such as Waterfall, Agile is more flexible and more adaptive to quickly changing 

requirements during the development cycle to ensure the final system with excellent quality 

and fulfils the demand and expectation of the user [19]. This is particularly important for this 

project as the environment and needs of the children may change further. 

The agile method allows the breakdown of the project into smaller and more 

manageable sections where the features, such as real-time translation and game-based elements, 

are developed incrementally. Each of these sections is incrementally completed, tested, and 

integrated into the main system in stages, able to detect and resolve the issue early. Furthermore, 

Agile emphasizes automated testing to ensure the new features are functioning expectedly 

before they are integrated into the main system [20]. 

Figure 3.1 illustrates the six phases involved in the agile development cycle, which is 

an iterative cycle. The first phase is to identify the key features and user requirements for this 

learning application, such as real-time translation, text or image summarization and 

personalized learning path. Also, outline the time and work required to complete this project. 

The second phase is to find out how the system will function and transform the proposed 

solution into a structured design, detailing the logical, physical, and architectural aspects of the 

system. Then, come to the development phase, break down the development process into 

sprints, and each sprint concentrates on developing one specific feature or module. In the 

testing phase, integrate the newly developed code into the main project repository after each 

sprint and perform automated testing to make sure the system operates correctly and that the 

newly added features function as expected. In the deploy phase, deploy the system to a testing 

environment or release it to the user once it is finalized. In the review phase, continuously 

review and update the system based on user feedback. Since Agile is an iterative methodology, 

it allows ongoing enhancement, whether to improve existing features or address new user 

requirements. 
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Figure 3.1 Agile Development Cycle [21] 
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3.2 System Requirement 

3.2.1 Hardware 

The hardware required in this project is a laptop that used to code the proposed application, 

and an Android mobile phone used for testing and running the proposed mobile application. 

Table 3.1 and 3.2 show the specification of Laptop and Android Mobile Phone that used in this 

project. 

Table 3.1 Laptop specification 

Description Specifications 

Model Dell Vostro 3400 

Processor 11th Gen Intel(R) Core (TM) i5-1135G7 

Memory (RAM) 16GB 

Operating System Window 11 Home 64-bit 

Storage 477 GB 

Graphic  Intel Iris Xe Graphics 

Display  14 inches Screen 

 

Table 3.2 Mobile Phone Specification 

Description Specifications 

Model Honor X9c 

Operating System Magic OS 8 (Android 14) 

CPU Qualcomm Snapdragon 6 Gen 1 

GPU Adreno A710 

Display Resolution 1224 x 2700 pixels 

RAM 12GB 

Storage 512GB 
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3.2.2 Software  

Development Tools 

1. Android Studio 

An official Integrated Development Environment (IDE) for creating mobile 

applications. It provides many tools and libraries that are useful for building and 

debugging mobile applications, and it supports Java and Kotlin languages. 

 

2. Jupiter Notebook 

An open-source web application that offers more than forty programming languages 

and is useful for building and testing machine learning models. 

 

3. Flutter 

An open-source framework for building cross-platform applications from a single 

codebase by using Dart programming languages. It provides many pre-designed 

widgets that appear native but are customizable. 

 

4. Dart 

A programming language used with the Flutter framework to create mobile 

Applications. 

 

Development Platform 

1. Firebase 

A tool that makes it simpler for developers to create, maintain and expand their 

applications by providing pre-built backend elements. It stores the data in a database 

that is not only Structured Query Language (NoSQL) based and provides real-time 

databases and authentication services that improve the efficiency in creating and 

managing the user verification service. 

 

 

 

 



Bachelor of Computer Science (Honours)  

Faculty of Information and Communication Technology (Kampar Campus), UTAR 
    32 
 

2. Amazon Web Services (AWS) 

A cloud computing platform that offers on-demand services and infrastructure, such as 

databases and processing power, which allows developers to build or deploy 

applications without managing the physical servers.   

Services used: 

• AWS Lambda 

A serverless computing solution, without having to provision or manage 

servers. In this project, Lambda is used to host and run the trained machine 

learning model, processing incoming requests from the application and 

returning predictions in real-time. 

• Amazon API Gateway 

A comprehensive managed solution for developing, releasing, and safeguarding 

Application Programming Interface (API) at scale, which serves as a gateway 

through which the application can connect to the backend services. 
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3.3 Timeline 

3.3.1 Timeline of FYP1 

 

Table 3.3 Task Completed in FYP1 

 

Figure 3.2 Gantt chart of FYP1 Timeline 

Figure 3.2 illustrates the 12-week project timeline for FYP1, along with a list of the tasks 

performed during that time. The project begins with an initial setup and planning phase, which 

involves reviewing related works and setting up the Flutter development environment. To 

achieve one of the main objectives, the implementation of text and voice translation 

functionalities begins as soon as the setup phase is completed. Then, implementation for text 

and image summarization features takes place after the translation features are finished. For 

model training and integration to work during FYP2, finding and researching relevant datasets 

is vital. This step aids in identifying the data required for efficient model operation. The 

beginner level of Chapter 1 is then created, which is divided into three sections, which are 

speaking practice, grammar practice, and vocabulary practice. This aligns with the second key 

objective, which is to offer interactive and captivating activities that improve language 

acquisition. Next, the user interface of the application is reviewed and refined to ensure it is 

suitable for children. After that, Firebase is integrated to enable user authentication, improving 

# Tasks Start Date End Date Days
1 Review previous works and project objectives 10/02/2025 12/02/2025 3
2 Set up Flutter project 13/02/2025 13/02/2025 1
3 Implement text and voice translation features 14/02/2025 18/02/2025 5
4 Implement Text & Image Summarization features 19/02/2025 28/02/2025 10
5 Design UI for Main Menu 01/03/2025 05/03/2025 5
6 Research Dataset for model 06/03/2025 12/03/2025 7
7 Develop Chapter 1: Vocabulary practice 13/03/2025 20/03/2025 8
8 Develop Chapter 1: Grammar practice 21/03/2025 28/03/2025 8
9 Develop Chapter 1: Speaking practice 29/03/2025 05/04/2025 8

10 Review and Improve the interface design 06/04/2025 10/04/2025 5
11 Implement login and logout features using Firebase 11/04/2025 15/04/2025 5
12 System testing 16/04/2025 20/04/2025 5
13 Write FYP1 report 21/04/2025 27/04/2025 7
14 Finalize and Submit FYP1 28/04/2025 02/05/2025 5
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functionality and security, and the user interface is examined and refined for improved use. 

After that, system testing is done to confirm the performance and stability of the application. 

Lastly, at the end of Week 12, the FYP1 report is completed and turned in. 

 

3.3.2 Timeline of FYP2 

 

Table 3.4 Tasks to be Done in FYP2 

 

Figure 3.3 Gantt chart of FYP2 Timeline 

Figure 3.3 illustrates the 12-week project timeline for FYP2, along with a list of the tasks that 

need to be done during that time. It starts with finishing every chapter at every level to ensure 

the content's foundation is solid and satisfies one of the main objectives. An entry-level test is 

then created and integrated to evaluate user proficiency at the beginning of the application. 

Data pre-processing is done to prepare the dataset for tasks involving machine learning after 

integrating the entry-level test into the application. The model is then trained and evaluated to 

ensure optimal performance. The trained model is incorporated into the application following 

a successful evaluation. In order to promote user engagement and participation, core feature 

enhancements are then put into place, such as creating a reward system and upgrading to a real-

time feedback system. After feature development, the interface and all functionalities are 

# Tasks Start Date End Date Days
1 Complete all chapters in each level 23/06/2025 07/07/2025 14
2 Design and Integrate Entry-Level Test 08/07/2025 13/07/2025 5
3 Data pre-processing 14/07/2025 19/07/2025 5
4 Model training and evaluation 20/07/2025 01/08/2025 12
5 Integrate model into app 02/08/2025 09/08/2025 7
6 Implement reward system 10/08/2025 15/08/2025 5
7 Enhance real-time feedback system 16/08/2025 19/08/2025 3
8 Finalize all interface and functionalities 20/08/2025 23/08/2025 3
9 System Testing 24/08/2025 29/08/2025 5

10 Write FYP2 report 30/08/2025 06/09/2025 7
11 Finalize and submit the report 07/09/2025 12/09/2025 5



Bachelor of Computer Science (Honours)  

Faculty of Information and Communication Technology (Kampar Campus), UTAR 
    35 
 

finalized to guarantee consistency and usability. After that, a system testing phase is conducted 

to confirm the application's overall quality, stability, and performance. The project comes to 

an end when the development process is finished, and the final FYP2 report is written and 

submitted. 
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CHAPTER 4 

System Design 

4.1 Overview 

This chapter explains the workflow of the proposed application in detail, along with the 

functions of its individual modules. The system architecture, use case diagram, and activity 

diagram are used to illustrate the system design and are accompanied by explanations. These 

diagrams highlight what the system should do from the user's point of view and provide an 

overview of the system's operations. 

4.2 System Architecture Diagram 

 

Figure 4.1 System Architecture Diagram 
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Figure 4.1 illustrates the system architecture diagram of the proposed application. The 

proposed application incorporates several components to provide a customized and engaging 

language learning experience. The user management feature is used to handle user accounts, 

allowing users to register and log in to the application. Additionally, it maintains their profiles, 

keeping track of their progress during the learning and preserving personal information. The 

entry-level test feature is provided to assess a new user's initial Mandarin proficiency. Then, 

the application offers a personalized learning path in which the level of difficulty of the learning 

material meets the current level of each user based on the result of entry-level 

test.  Furthermore, the application also provides a real-time translation for both text and speech 

to help the understanding of new words or sentences encountered in real-life situations. This 

functionality performs Text-to-Speech and Speech-to-Text functions by leveraging the Google 

Translate Application Programming Interface (API) in combination with the device's 

Application Programming Interface (API) layer. The features of text or image summarization 

make it easier for the user to comprehend long text by using the Gemini Application 

Programming Interface (API). It extracts text from images via Optical Character Recognition 

(OCR) and then summarises the extracted text. A machine learning model for predicting 

performance is used to determine whether the user is likely to succeed or fail in the current 

level assessment. Based on the learner's performance trends, this model assists in determining 

whether they are prepared to move on to the level assessment or should receive additional 

support first. The application includes interactive learning modules with thematic lessons and 

exercises, a real-time feedback system for prompt reaction and correction, and a reward system 

to encourage ongoing involvement and progress to boost learning engagement. Finally, the 

Firebase database stores and manages all user data. 
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4.3 Use Case Diagram 

 

Figure 4.2 Use Case Diagram of Proposed Application 

Figure 4.2 illustrates the use case diagram of the proposed application that shows the 

interactions between the system and its primary actors, namely the new user and the registered 

user, in completing various tasks within the application. The corresponding comprehensive 

case descriptions are given in Tables 4.1 through 4.8, as outlined in Section 4.4. 
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4.4 Use Case Description 

Table 4.1 Use Case Description for “Register Account” Use Case 

Use Case ID UC001 Use Case Name Register Account 

Primary Actor New User 

Brief Description Allow a new user to create an account and profile in the application. 

Trigger User selects "Register" from the app’s login page. 

Precondition User has not registered before. 

Scenario Name Step Action 

Main Flow 1 User opens the app and selects “Register” in login page. 

2 System prompts users to enter usernames, email and 

password. 

3 System validates input and creates a new user account. 

4 User logs in with the registered account. 

5 System prompts them to complete the Entry-Level Test 

before accessing lessons. 

Alternate Flows –  

Invalid input 

3a. If input is invalid, system displays errors and requests 

correction. 

3b. If email already exists, system displays "Account already 

exists" and prompts login. 
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Table 4.2 Use Case Description for “Take Entry-Level Test” Use Case 

Use Case ID UC002 Use Case Name Take Entry-Level Test 

Primary Actor New User 

Brief Description Evaluates the user’s initial Mandarin proficiency. 

Trigger Successful registration. 

Precondition User has just registered and logged in. 

Scenario Name Step Action 

Main Flow 1 System prompts the user to begin the Entry-Level Test 

when they log in for the first time. 

2 User completes a set of test questions. 

3 System evaluates the answers. 

4 System calculates the scores and assigns user’s level 

based on result. Less than 50 marks is beginner level, 50 

to 79 marks are intermediate level, and 80 and above is 

advanced level. 

5 System displays the result to the user and stores the result 

and assigned level in Firebase. 

6 User selects “Start Learning!”. System directs the user to 

the main menu, unlocking the assigned level while 

keeping higher levels locked. 
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Table 4.3 Use Case Description for “Login” Use Case 

Use Case ID UC003 Use Case Name Login 

Primary Actor Registered User 

Brief Description Authenticates a returning user. 

Trigger User selects Login option from the application’s start page. 

Precondition User already has a registered account. 

Scenario Name Step Action 

Main Flow 1 User enters email and password. 

2 System verifies the credentials. 

3 If valid, user gains access to the main menu. 

Alternative flow – 

Invalid Credentials 

2a. If the credentials are invalid, system displays error and 

allows the user to re-enter. 
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Table 4.4 Use Case Description for “Translates Text or Voice” Use Case 

Use Case ID UC004 Use Case Name Translates Text or Voice 

Primary Actor Registered User 

Brief Description Provides translation for text or voice input using Google Translate 

API. 

Trigger User selects “Translation” from main menu. 

Precondition The user is signed in. 

Scenario Name Step Action 

Main Flow 1 User selects “Translation” from main menu. 

2 User selects the source and target languages. 

3 User inputs text or voice. If the input is voice, the system 

performs speech-to-text and auto fill in the input field. 

4 User selects the “Translate” button. 

5 System sends requests to Google Translate API. 

6 System receives the translation and displays it to the user. 

Sub Flow- Read 

the Translated 

Word 

6a.  User selects the audio button to listen to the translated 

word or sentence. 

 6b.  System uses text-to-speech to read the translated word or 

sentence aloud. 

Alternative Flow– 

API Unavailable 

5a. If Google Translate API is not available, system shows 

error message. 
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Table 4.5 Use Case Description for “Summarize Text or Image” Use Case 

Use Case ID UC005 Use Case Name Summarize Text or Image 

Primary Actor Registered User 

Brief Description Allows the user to input text or upload an image, then generates a 

summarized version using the Gemini API. 

Trigger User selects “Summarization” from main menu. 

Precondition The user is signed in. 

Scenario Name Step Action 

Main Flow 1 User selects “Summarization” from the main menu. 

2 User selects “Paragraph” or “Bullet Points “as the output 

format. 

3 User inputs text or uploads image.  

If an image is uploaded, the system extracts text using 

OCR and automatically places it in the text field. 

4 The system counts the number of words and displays the 

word count below the input text field. 

5 User selects the output language (English, Chinese, or 

Both) and the desired summary length. 

6 User selects “Make it Easier” button. 

7 System sends the text to Gemini API. 

8 The Gemini API returns the summarized result. 

9 System displays summary to the user in the chosen format 

and language. 

Alternative Flow – 

Invalid File 

Format 

3a.  If the uploaded file format is invalid, the system prompts 

the user to retry. 

Alternative Flow – 

API Unavailable 

7a. If Gemini API is not available, system shows error 

message. 
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Table 4.6 Use Case Description for “Study Lessons and Do Exercises” Use Case 

Use Case ID UC006 Use Case Name Study Lessons and Do Exercises 

Primary Actor Registered User 

Brief Description Provides thematic lessons and exercises for user to complete. 

Trigger User selects a chapter and activity (vocabulary, grammar, speaking) 

from selected level. 

Precondition The user is signed in and has access rights to the selected level. 

Scenario Name Step Action 

Main Flow 1 User selects a level (beginner, intermediate, advanced) 

from main menu. 

2 User selects a chapter. 

3 User selects an activity type (vocabulary, grammar, 

speaking). 

4 System presents lesson content based on the selected 

chapter and activity. 

5 User completes the lesson. 

6 User selects “Continue” to attempt the exercise. 

7 System presents the first question. 

8 User selects an answer. 

9 System checks the answer and provides immediate 

feedback. 

If answer is correct, display positive feedback to user. 

If answer is incorrect, display the mistake with detail 

explanation.  

10 System checks whether more questions remain. 

11 If questions remain, system continues presenting the next 

question (repeat steps 8–9). 

12 System calculates the score, displays the result to the user, 

and stores it in Firebase. 

13 System updates the user’s progress. 
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Table 4.7 Use Case Description for “Takes Assessment Test” Use Case 

Use Case ID UC007 Use Case Name Takes Assessment Test 

Primary Actor Registered User 

Brief Description Allow the user to attempt an assessment to move to the next level. 

Trigger User selects Assessment Test in the selected level page. 

Precondition The user is signed in and has access rights to the selected level. 

Scenario Name Step Action 

Main Flow 1 User selects Assessment Test. 

2 System checks whether all chapters at the current level 

have been completed. 

3 System retrieves the user’s study hours and most recent 

assessment score. 

4 System uses the prediction model to estimate the user’s 

performance. 

5 If prediction indicates likely success, the system directs 

the user to begin the test. 

6 User attempts the test. 

7 If the user passes, the system unlocks the next level, 

updates progress, awards a badge, and stores the result in 

Firebase. 

Sub Flow – 

Performance 

Prediction: Likely 

to Fail 

5a.  If the system predicts likely failure, it displays a message 

and offers the user the option to enter a review session 

before attempting the test. 

Alternate Flow – 

Incomplete 

Chapters 

2a.  If the chapters are incomplete, the system notifies the user 

and allows them to either complete the remaining chapters 

or continue with the test. 

Alternate Flow – 

Test Failure 

7a. If the user fails, the system displays a failure message and 

allows the user to retry the assessment later. 
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Table 4.8 Use Case Description for “Review Session” Use Case 

Use Case ID UC008 Use Case Name Review Session 

Primary Actor Registered User 

Brief Description Provides tailored review activities before assessment. 

Trigger Triggered when the performance prediction model predicts that the 

user is likely to fail the assessment. 

Precondition The user is signed in and has selected the level assessment. 

Scenario Name Step Action 

Main Flow 1 System retrieves user performance data from Firebase and 

identifies exercises with scores below 50 or not attempted. 

2 The system generates a set of review questions based on 

weak areas. 

3 User answers questions in the review session. 

4 The system provides feedback for each answer. 

If correct, the system displays positive feedback 

messages. 

If incorrect, the system shows the correct answer with an 

explanation. 

5 System checks whether all review questions are 

completed. 

6 Once complete, the system calculates and displays the 

review session results. 
 

7 User chooses the next action. 

Sub Flow – 

Proceed to 

Assessment 

7a.  If the user chooses to proceed, the system directs them to 

the assessment test. 

Sub Flow – Retry 

Option 

7b. If the user chooses to retry the review session, steps 1–6 

are repeated. 
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4.5 Activity Diagram 

 

Figure 4.3 Activity Diagram of Proposed Application 
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Figure 4.3 illustrates the user flow and processes of the proposed mobile application. Three 

swimlances are used to present the actions of a new user, a registered user, and the proposed 

application. Establishing a user profile is the first step for a new user. After successfully 

registering, a new user is prompted with an entry-level test. This entry-level test evaluates the 

user's current level of Mandarin language proficiency. Based on the test result, the application 

assigns the user to access exercises suitable for their level. 

A registered user can access the main menu after logging in to choose a learning mode, 

including thematic lessons and exercises, translation, and summarization.  In the thematic 

lessons and exercises mode, the user can choose a chapter and the type of activity they wish to 

engage in, such as vocabulary, grammar, or speaking. Once the activity is chosen, the user 

needs to study the lesson content and finish the associated exercises. As the user engages with 

exercises, the application evaluates their responses. The correct answers are acknowledged 

with positive feedback, and incorrect answers are highlighted to guide the user. If the exercise 

is incomplete, the application will prompt users to continue with the next question. Once an 

exercise is completed, the application calculates the score and updates the user’s progress 

accordingly. 

If the user selects the assessment test in the level, the application first checks whether all 

chapters at the current level have been finished. If not, the system informs the user and allows 

them to either proceed with the test or return to complete the remaining chapters. The 

performance prediction model will predict the user’s likelihood of passing based on the study 

time and the most recent assessment scores results of the user before the test begins. If the user 

has only taken the entry-level test, that result serves as a baseline. If the model predicts the user 

is likely to pass, the user can proceed directly to the assessment. Otherwise, the system provides 

a review session tailored to their previous performance in different activities. The user can 

move on to the level assessment after completing the review session if the user decides to do 

so. The user may also proceed straight to the assessment test if they choose not to participate 

in the review session. The users can move on to the next level and receive a badge only if they 

pass the level assessment test. Otherwise, the users are urged to retake the level assessment test 

until they pass it. 

The translation feature allows users to input either text or voice. The application processes the 

input using Google Translate Application Programming Interface (API) to provide precise 

translations, which are subsequently shown to the user. For summarization features, users can 
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input text or an image. When an image was uploaded, the application used optical character 

recognition (OCR) to extract text from it. The Gemini Application Programming Interface 

(API) is then used to summarize the extracted or directly entered text, and the user is shown 

the summarized content. 
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CHAPTER 5 

 

System Implementation 

5.1  Setup Flutter Project 

 

Figure 5.1 Installed Flutter and Android Studio 

 

Figure 5.2 Flutter Project Dependencies 
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Figure 5.1 shows that the Flutter Software Development Kit (SDK) and Android Studio were 

successfully installed before the project development, as these tools are required for building 

the proposed mobile application. As shown in Figure 5.2, the pubspec.yaml file is included to 

set up the necessary function for the application. These dependencies include packages that 

support key application features such as speech recognition, Firebase integration, 

summarization, and translation. 

 

5.2  Implementation of Login & Logout using Firebase 

 

Figure 5.3 Firebase Authentication Dashboard 
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Figure 5.4 Login Page (Left) and Registration Page (Right) 

 

Figure 5.5 Code snippet for Initializes Firebase Service 
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Figure 5.6 Code snippet for Firebase Login 

 

Figure 5.7 Code snippet for Firebase Sign Up 

User authentication is an important part of any application that handles personal data or provide 

personalizes user experiences. Firebase Authentication service is used to manage login and 

registration functionalities for the application.  

As shown in the left-hand side of Figure 5.4, login screen allows users to enter their registered 

email address and password. The user can get to the registration page by clicking the "Sign 

Up" text on the login page if they are new users. On the right-hand side of Figure 5.4, a 

registration page is provided for the users to create an account by entering their username, 

password, and personal email address. A "Confirm Password" section requires the user to input 

the password twice for verification to guarantee accuracy. Figure 5.3 illustrates the user detail 

added to the Firebase Authentication dashboard after successfully registering. 
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After successfully logging in or registering, the user is directed to the application's main menu. 

Every screen in the main menu has an "Exit" button to improve usability and make it simple 

for users to exit the application.  

As shown in Figure 5.5, Firebase services are initialized using the Firebase.initializeApp() 

method. In Figure 5.6, the login functionality is implemented using 

FirebaseAuth.instance.signInWithEmailAndPassword, which authenticates users via email and 

password. Figure 5.7 demonstrates the sign-up functionality, where 

FirebaseAuth.instance.createUserWithEmailAndPassword registers a new user in Firebase 

Authentication with their email and password. 

 

5.3  Thematic Lesson and Exercises 

 

Figure 5.8 Level Selection Page  
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Figure 5.9 Beginner Level Page (Left), Intermediate Level Page (Middle), Advanced Level 

Page (Right) 

 

Figure 5.10 Learning Modules Page  

One of the main objectives of this project is to provide interactive and comprehensive exercises 

for children to enhance their language skills. The thematic exercises are organized into different 

levels and chapters to suit varying proficiency levels. As shown in Figure 5.8, users begin by 
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selecting their level of proficiency on the level selection page. To encourage structured 

progression, higher-level exercises remain locked until the user has completed all exercises at 

the current level. After selecting a level, the application displays a list of themed chapters and 

an assessment test available within that level, as illustrated in Figure 5.9. Users can then choose 

an exercise to proceed to the learning module. In Figure 5.10, the learning modules are divided 

into three main activities, which are vocabulary, speaking, and grammar, each offering 

interactive and engaging activities tailored to enhance specific language skills. 

 

5.3.1 Vocabulary Activity 

    

Figure 5.11 Vocabulary Lesson 
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Figure 5.12 Vocabulary Exercises 

The vocabulary activity is designed to help users expand their word bank through interactive 

lessons and exercises. As shown in Figure 5.11, each lesson allows users to study vocabulary 

before attempting the exercises. Flashcards are provided for practice, tailored to different 

proficiency levels, and users can also learn the correct pronunciation of words by selecting the 

“Listen” button. The vocabulary is based on the word lists contained in each Hanyu Shuiping 

Kaoshi (HSK) level textbook [24, 25, 26]. 

After completing a lesson, users can proceed to vocabulary exercises. Figure 5.12 illustrates 

sample questions from different chapters across various levels. The exercises include multiple 

formats such as sentence completion, fill-in-the-blank, listening comprehension, translation, 

and sentence construction. The question types are adapted according to proficiency level.  For 

example, sentence construction tasks only appear in advanced-level exercises. This is because 

the Hanyu Shuiping Kaoshi (HSK) 3 exam and higher usually contain this kind of question, as 

in the past year from [23]. By modelling the exercises after past exam formats, the activity 

helps users strengthen their test performance while gradually enhancing their vocabulary 

proficiency. 
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5.3.2 Speaking Activity 

           

Figure 5.13 Beginner Level: System Dialogue Screen (Left) and User’s Practice Turn Screen 

(Right) 

                     

Figure 5.14 Intermediate Level: System Dialogue Screen (Left) and User’s Practice Turn 

Screen (Right) 
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Figure 5.15 Advanced Level: System Dialogue Screen (Left) and User’s Practice Turn Screen 

(Right) 

 

Figure 5.16 Code snippet of Speaking Practice 
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The application includes a speaking practice module that mimics real-life conversation by 

simulating a dialogue between the user and a virtual character to improve oral proficiency. As 

shown in Figure 5.13 on the left, the application begins by displaying a prompt message. After 

hearing the message by clicking the "Listen" button, the user can move on to their turn in the 

dialogue by clicking the "Continue" button. Figure 5.13 on the right shows that when the user 

turns, they can click the "Listen" button to hear the sample response and follow the 

pronunciation. Since this module is designed for beginners, a response message is provided for 

users to repeat, allowing them to practice speaking in a guided and supportive way. This setup 

helps users build confidence and fluency in responding to conversational prompts.  

As shown in Figure 5.14, at the intermediate level, an additional challenge is introduced by 

requiring the user to select the correct response to a given question. After making the selection, 

the user is then prompted to practice the pronunciation of the chosen response. As illustrated 

in Figure 5.15, at the advanced level, the difficulty is further increased by requiring the user to 

construct a sentence in the correct sequence using the provided words. These tasks are designed 

to reinforce both vocabulary knowledge and grammatical accuracy, reflecting the complexity 

expected at higher proficiency levels. 

As illustrated in the code snippet in Figure 5.16, the score is calculated by taking the speech 

input and comparing it to an expected string, and then assigning a score based on how closely 

the spoken text matches the expected one character by character. This interaction mimics real-

life language use, helping users to become more comfortable with pronunciation, tone, and 

flow. 
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5.3.3 Grammar Activity 

  

Figure 5.17 Grammar Lesson 

      

Figure 5.18 Grammar Exercises 
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The grammar activity module is designed to help users better comprehend the rules of grammar 

that are necessary for both writing and speaking. Users can begin by studying grammar 

concepts and then move on to exercises. Figure 5.17 illustrates a grammar lesson, which 

provides detailed explanations and examples to guide learning. 

As shown in Figure 5.18, the grammar practice consists of different question formats, including 

fill-in-the-blank and true or false, for the grammar usage and translation exercise to reinforce 

key grammar concepts. When the user chooses the right response, the application provides 

positive feedback to acknowledge their success. When a user chooses a wrong response, 

supportive feedback points out the error and promotes more learning. The module ensures that 

students actively apply their knowledge in relevant circumstances through interactive features, 

improving their comprehension.  

The grammar content is designed based on the grammar point list provided in [23], which is 

structured by proficiency level. At the beginner level, the focus is on personal pronouns, 

numerals, and interrogative pronouns. The intermediate level covers time adverbs, adverbs of 

mood, quantifiers, and conjunctions. At the advanced level, the content includes adverbs of 

degree, prepositions, and imperative sentence structures. 

 

5.3.4 Real-time Feedback  

   

Figure 5.19 Real-time feedback: Correct (left), Incorrect (middle), and Completed (right) 



Bachelor of Computer Science (Honours)  

Faculty of Information and Communication Technology (Kampar Campus), UTAR 
    63 
 

 

Figure 5.20 Code snippet for Predefined Feedback Configuration 

 

A comprehensive and flexible feedback system is implemented to help the children track their 

progress, recognize mistakes, and accelerate learning. The application consists of various types 

of feedback, including correct feedback for right answers, incorrect Feedback for wrong 

answers, completion feedback for finishing activities, and level-up feedback for progress 

milestones. This system is designed to be customizable while maintaining sensible defaults, 

ensuring both ease of use and seamless integration. Figure 5.19 shows an example of real-time 

feedback for a correct answer selected, an incorrect answer selected, and lesson-completion 

feedback. Figure 5.20 presents the code implementation of a configuration class that is used to 

map each feedback type to its visual properties. 
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5.3.5 Reward System 

  

Figure 5.21 Reward System 

A reward system is implemented in this application to engage and motivate users toward 

continuous learning. For example, when a user successfully passes an assessment, the user is 

awarded a badge, which can be collected by tapping on it. Figure 5.21 shows the flow of the 

reward system. The total number of badges earned is recorded in the Achievements section of 

the profile page, as illustrated in Figure 5.24 below. 

 

5.3.6 Log Activity to Firebase 

 

Figure 5.22 Log Activity to Firebase 
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Figure 5.23 Code snippet for Log Activity to Firebase 

 

When a user accesses an activity within a chapter, the system logs the user’s activity to Firebase. 

The log records whether the user has completed the lesson and practices, along with additional 

details such as the score, completion time, and total number of questions attempted. This 

process is handled by the completeActivity function. 

As shown in Figure 5.23, the code snippet of completeActivity function demonstrates how user 

activity is logged to Firebase. The activity logs are stored in the lesson_log collection within 
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the Firebase database. Figure 5.24 presents an example of a log record from a pronunciation 

activity at the advanced level. 

 

5.4 Profile Page 

 

Figure 5.24 Profile Page 

Figure 5.24 illustrates the profile page of the application that provides a comprehensive view 

of the user’s personal and learning details. It begins with the achievements section that shows 

user’s earned badges, which are awarded based on completed activities, chapters, and 

assessments to provide a sense of accomplishment and motivation as they advance through 

their studies. The personal information section shows the name, age, native language, gender, 

and email of the user. The learning progress section highlights the user’s current level, total 

study time, entry-level test score, and a visual level progression that records the progress from 

the entry level to the current level, along with the most recent assessment score. In the 

performance overview, users can view their latest assessment result, offering quick insight into 

their current standing.  
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5.5 Translation Feature 

  

Figure 5.25 Translation Page (Left) and Result of Translation Page (Right) 

 

Figure 5.26 Code Snippet of Translation with Necessary Packages 
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Figure 5.27 Code Snippet of Calling Google Translation  

One of this project's main objectives is integrating advanced language learning features, such 

as translation functions, to promote self-directed learning. This feature is helpful when users 

come across new terms and phrases while studying. As illustrated in Figure 5.25 on the left, 

the translation page in the proposed application contains a voice button for the user to input the 

voice, and then the recognized text will display in the text box. Alternatively, users can use the 

Google Translation packages included in Flutter to manually enter text in either Mandarin or 

English to be translated. The app supports translation from Mandarin to English and vice versa. 

Figure 5.25 shows the translated result displayed in the output box. In order to improve 

comprehension and pronunciation, an audio button is also included so that users may hear how 

the translated text is pronounced. Based on Figures 5.26 and 5.27, the code snippets 

demonstrate how essential packages such as translator, flutter_tts, and speech_to_text are used 

to implement this feature, including the logic for calling Google Translate services. 
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5.6 Text & Image Summarization Feature 

  

Figure 5.28 Summarization Page 
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Figure 5.29 Image Text Extraction Result 

The application integrates a summarization feature that supports text and image inputs, 

providing users with a flexible tool to condense learning content efficiently. As shown in Figure 

5.28, users capture a new image or upload an existing image to summarize on the summation 

page. A text input box is also available for users who prefer to enter the text. Users can choose 

whether they want the summary output to be in Chinese, English, or both. The functionality 

allows users to customize the output to suit their preferences by providing three summary 

length options which are short, medium, and long. Figure 5.29 shows an example where the 

user uploads an image containing text. After employing optical character recognition (OCR) to 

extract the information, the application shows how many words were found in the input text 

field before producing the summary. 
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Figure 5.30 Paragraph Summary (Left) and Bulleted Summary (Right) 

Figure 5.30 illustrates a tab bar provided at the top of the summarization page, allowing users 

to choose between two formats for their summarized result, such as paragraph form or bullet-

point format. The result in paragraph form is displayed on the left side of the figure, while the 

bullet-point summary is shown on the right side. This dual-output approach accommodates 

various learning preferences, making sure that users are able to select the best format that fits 

their requirements. Additionally, the word count of the summarized result is displayed below 

the summary, helping users determine whether the summary meets their expectations in terms 

of length. 
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Figure 5.31 Code Snippet of Calling Gemini API for OCR 
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Figure 5.32 Code Snippet of summarize text using Gemini model API 

Based on Figure 5.31, the function extractTextFromImage is used to extract the text from the 

image. Before extracting the text from the image, the selected image needs to be converted to 
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a Base64-encoded string so it can be sent to the API request body in the proper format the 

model understands. Then, the Gemini 2.0 Flash model analyzes the image and returns only the 

text it finds.  

Figure 5.32 shows that the getData function, which is designed to summarize text using a 

Gemini model API, adapts the result based on language and formatting preferences, including 

language in English, Chinese, or both, the format in paragraph or bullet points, and summary 

length in long, medium, or short. To make sure the summary is suitable for children between 

the ages of 10 and 12, it provides instructions and dynamically constructs a prompt specific to 

these settings. Once the request has been sent, it counts words or characters based on the 

language specified, processes the answer to extract the summarized text, and refreshes the user 

interface with the outcome. 

 

5.7 Entry-Level Test 

 

Figure 5.33 Onboarding page for New Users 
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Figure 5.34 Entry-level Test 

Figure 5.33 illustrates the onboarding page displayed when a new user accesses the application 

for the first time. At this stage, the user must now finish the onboarding process and attempt an 

entry-level test to determine their Mandarin language proficiency before accessing lessons and 

exercises. By selecting "Go to Onboarding", the application directs the user to complete a form 

that captures personal details such as name, age, gender, and native language spoken at home. 

As seen in Figure 5.34, the user moves on to the entry-level test after submitting. This test 

contains ten questions derived from past examination papers [23], with each question carrying 

ten marks. The test content is divided into three sections:  

• Listening (four questions, consisting of two from HSK 1, one from HSK 2, and one 

from HSK 3) 

• Reading (five questions, consisting of two from HSK 1, two from HSK 2, and one from 

HSK 3) 

• Writing (one question from HSK 3) 

Once the test is completed, the system calculates the total score and assigns the user to one of 

three proficiency levels:  

1. Beginner (score below 50) 

2. Intermediate (score between 50 and 79) 

3. Advanced (score of 80 and above) 

The user is subsequently presented with the allocated level and associated score, which are 

concurrently saved in the backend database. After that, the user can select "Start Learning!" to 
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navigate to the level selection page, where lessons are made available based on the competency 

level specified. 

 

 

Figure 5.35 User records in Firestore Database 

 

 

Figure 5.36 Code snippet for the test completion and scoring method with Firebase 

integration 
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Figure 5.37 Code snippet for calculating the current score 

 

Figure 5.38 Code snippet for determining user’s HSK level  

 

 

Figure 5.39 Code snippet for saving a user’s test results 
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As illustrated in Figure 5.35, user records are stored in the Firestore database under the user’s 

collection. Each record contains both personal details and assessment results. In addition, 

timestamp fields such as createdAt and onboardingCompletedAt are recorded. Two fields, 

namely latestAssessmentLevel and latestAssessmentScore, are initially set to null and are 

updated whenever the user undertakes a new assessment. 

As seen in Figure 5.36, the _completeTest() method controls the test completion procedure. 

This method first sets the flag _isSubmittingTest to indicate that submission is in progress. It 

then calculates the user’s final score using the _currentScore method and determines the 

corresponding HSK level using the _determineHSKLevel method. Figures 5.37 and 5.38 show 

the code snippet of _currentScore method and _determineHSKLevel method. 

Following this, the method invokes the completeTest() method within the ProgressProvider to 

record the results in Firestore. As shown in Figure 5.39, the completeTest() is responsible for 

storing the test results in the Firestore database and updating the local UserProfile state within 

the application. This ensures that both remote storage and local state management are 

synchronized. Furthermore, the method calls notifyListeners() to update any widgets that are 

dependent on the user profile data, thereby ensuring immediate reflection of the changes in the 

user interface. 

If the process is successful, the application removes the submission flag and updates the user 

interface state with the test result.  If there is an error, the flag is reset and the user is presented 

with an error message via SnackBar. This guarantees the seamless handling of user input and 

data persistence throughout the onboarding and test completion procedures. 
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5.8 Performance Prediction Model 

A performance prediction model was developed and integrated into the application to predict 

whether a user will pass or fail a level assessment. If the model predicts a failure, the system 

automatically recommends a review session before attempting the assessment. Three machine 

learning algorithms were considered, including Logistic Regression [39], Support Vector 

Machine [40], and Neural Networks [41] for model training. 

Among these models, the Support Vector Machine [40] model was selected for deployment as 

it achieved the best performance during evaluation, which will be discussed in detail in Chapter 

6. The model was trained in Jupyter Notebook, exported, and deployed on AWS Lambda. An 

API Gateway was configured to allow the application to send requests and receive prediction 

results. AWS Lambda was chosen because it provides a practical, cost-efficient, and scalable 

solution for hosting the model. 

 

5.8.1 Model Deployment on AWS 

1. Preparing Dependencies 

 

Figure 5.40 Installation of the Required Packages in Linux 
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Figure 5.41 Amazon S3 Console of “svm-lambda-layers-2025” Bucket 

Figure 5.40 shows the code used to install the required packages into two separate folders for 

the Lambda layers within the Linux environment. The core layer includes the packages FastAPI, 

Uvicorn, Pydantic, and Mangum, while the machine learning layer contains NumPy, SciPy, 

scikit-learn, and joblib. After installation, each folder was compressed into a zip file and named 

“svm_layer_core_fixed” and “svm_layer_ml_fixed” respectively. Then, uploading both files 

to S3 allows them to be stored and retrieved reliably for integration into AWS Lambda. As 

shown in Figure 5.41, the “svm-lambda-layers-2025” bucket is created to store the two zip files. 

This is because the “svm_layer_ml_fixed” file exceeded the 10 MB direct upload limit for 

Lambda layers. 

 

2. Creating the Lambda Function 

 

Figure 5.42 AWS Lambda console in the Layers Section 

To enable deployment of the Support Vector Machine model, two Lambda layers were created 

which are “svm_layer_core” and “svm_layer_ml”. These layers were uploaded from Amazon 

S3 using the previously stored zip files. Both layers were configured with the Python 3.10 

runtime and the x86_64 architecture to ensure compatibility. Lambda layers are required to 

manage dependencies and reusable code efficiently across multiple Lambda functions. 
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Next, a Lambda function named “svm_api_lambda” was created. This function acts as the 

computational backend when integrated with API Gateway, enabling execution of the machine 

learning inference and the FastAPI application without the need for a dedicated server. The 

Lambda function executes only when triggered by API Gateway, making this approach 

lightweight, cost-efficient, and scalable. 

 

Figure 5.43 AWS Lambda console for the function svm_api_lambda 

 

Figure 5.44 Code of app.py 

A deployment package was prepared containing three files, including app.py, scaler.pkl, and 

svm_model.pkl. These files were uploaded to the Lambda function. Figure 5.43 shows the 

AWS Lambda console for the function svm_api_lambda, where the uploaded files app.py, 

scaler.pkl, and svm_model.pkl are displayed. Figure 5.44 shows the code that is used to set up 

a REST API for the trained SVM model using FastAPI. The FastAPI application is wrapped 
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with Mangum, which acts as a bridge between API Gateway and AWS Lambda, enabling cost-

efficient and serverless hosting.  

 

3. API Gateway Integration 

 

Figure 5.45 AWS API Gateway Console 

An API named “SVM-Prediction-API” was created in API Gateway with the following 

configuration: 

• API type: HTTP 

• IP address type: IPv4 

• Deployment setting: Auto-deploy enabled, ensuring that any changes to integrations, 

routes, or settings are automatically redeployed. 

Figure 5.45 shows the created API “SVM-Prediction-API” in the AWS API Gateway Console. 

Then, a POST route was defined with the path /predict, and this route was integrated with the 

previously created Lambda function (svm_api_lambda). Once the configuration was completed, 

API Gateway generated an invoke URL in the Stages section, which serves as the endpoint for 

sending requests to the deployed model. 
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5.8.2 Model Operation in Application 

 

Figure 5.46 Code Snippet for making the prediction request using FastAPI 

 

Figure 5.47 Sample of a Successful Response from the Model 
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Figure 5.48 Example of the Application’s Performance Prediction Operation 

The Support Vector Machine model is not embedded directly within the Flutter mobile 

application. Instead, it is deployed on a cloud-based backend using FastAPI hosted on AWS 

Lambda, with Amazon API Gateway being used as the entry point for external requests. This 

architecture ensures that the computational workload is handled by the backend, keeping the 

mobile application lightweight and efficient. 

As shown in Figure 5.46, the function predictAssessmentOutcome() acts as the integration 

point with the deployed model. This function collects the two input features which are study 

hours and previous exam score, and formats them into JSON for transmission to the backend 

model. A POST request is made to the API Gateway endpoint, which forwards the request to 

AWS Lambda. The Lambda function then executes the FastAPI service with the trained SVM 

model, processes the input features, and returns both the predicted class (Pass/Fail) and the 

associated probability as the model’s confidence score. 

Next, the application interprets the response to guide user interaction. If the model predicts a 

high probability of success, the learner is permitted to proceed with the assessment. If the model 

predicts a high probability of failure, the application suggests completing additional review 

sessions before attempting the assessment, thereby improving the learner’s likelihood of 

success. 
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Figure 5.48 shows an example of the performance prediction operation in the application in the 

case that the learner has not completed all exercises in the current level. If the learner still 

chooses to continue with the level assessment, the application sends the request to the API 

Gateway endpoint and displays the prediction result along with recommended actions. The 

learner can then decide whether to review further or proceed with the assessment. 

 

5.9 Review Session 

 

Figure 5.49 Review Session 

Figure 5.49 shows the review session that is provided to the user when the model predicts a 

high likelihood of failure. The review session is personalized based on the learner’s 

performance in each activity. The application retrieves performance data from Firebase and 

identifies exercises that were either not attempted or scored below 50. A set of review questions 

is then generated to target these weak areas. During the review, immediate feedback with 

explanations is given to help the learner understand mistakes and reinforce learning. After 

completing the review session, the learner may choose to proceed with the assessment test or 

continue revising by practicing the review questions again. 
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5.10 Assessment Test in Each Level 

 

Figure 5.50 Assessment Test 

 

Figure 5.51 Example of an Assessment Log Stored in Firebase 

Figure 5.50 shows the assessment tests provided at the end of each learning level. The number 

of questions varies according to the learner’s proficiency:  

• 10 questions for the beginner level 

• 12 questions for the intermediate level 

• 15 questions for the advanced level 

The passing threshold is set at 60 marks. When a learner passes the assessment, the test is 

marked as “passed” on the level selection page, and the next level is automatically unlocked. 

The assessment results are also logged into Firebase, specifically under the assessments 

collection, which records whether the learner successfully passed the test. 
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5.11 Implementation Issues and Challenges 

During the development of the proposed application, one of the implementation challenges 

encountered was designing lessons and exercises that are both appropriate and interesting 

for children of different levels is a challenging task. This is because learning a language takes 

time, and it can be challenging to maintain the interest of the user over time. To address this, 

the application needs to track user progress and adaptively present varied and engaging material. 

Keeping the content entertaining and informative while maintaining adaptability increased the 

difficulty of implementation. 

Another issue encountered when deploying a Support Vector Machine model in a Flutter 

application is its lack of direct compatibility. Flutter does not provide built-in support to run 

scikit-learn models. Unlike TensorFlow, which offers TensorFlow Lite for mobile deployment, 

Support Vector Machine does not have an official converter for integration into a mobile 

application. Manually porting the mathematical operations of the Support Vector Machine into 

Dart would be inefficient, error-prone, and difficult to maintain. To address this limitation, a 

bridge architecture was required to host the model externally and enable seamless integration 

with the Flutter application. 

 

5.12 Concluding Remark 

In summary, this chapter detailed the implementation of the proposed Mandarin language 

learning application, beginning with project setup and Firebase authentication for login and 

registration, followed by the development of thematic lessons and exercises in vocabulary, 

speaking, and grammar, supported by real-time feedback and a reward system. The advanced 

features like translation, summarization, entry-level testing, and assessment modules were 

incorporated to enhance self-directed learning and track user progress. A Support Vector 

Machine performance prediction model was deployed on AWS Lambda and connected through 

Application Programming Interface (API) Gateway, enabling seamless integration with the 

application to provide intelligent recommendations and personalized review sessions. This 

approach ensured that the model is accessed reliably, scaled in response to user demand, and 

maintained centrally. Despite challenges in designing suitable lessons and deploying machine 

learning models in Flutter, effective solutions were applied. As a result, a functional and 
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adaptive Mandarin learning application was successfully developed, forming the basis for the 

system evaluation in the next chapter. 
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CHAPTER 6   

System Evaluation and Discussion 

6.1    Model Training and Evaluation 

A machine learning model must be incorporated into the application for this project, based on 

the objective, to predict user performance in future assessment tests. This model aims to 

determine whether a user is likely to pass or fail based on their study hours and most recent 

assessment score. By providing these predictions, the proposed application can take immediate 

actions to support the user’s learning progress. 

For model training, Logistic Regression [39], Support Vector Machine [40], and Neural 

Networks [41] classification models were employed. This section outlines the process of 

developing and evaluating a machine learning model, from selecting essential libraries to data 

preprocessing, training, performance evaluation, fine-tuning, and serialization. 

 

6.1.1 Logistic Regression 

Logistic regression is a classification machine learning algorithm. It is particularly suitable for 

binary classification where the outcome falls into one of two categories. This algorithm utilizes 

the sigmoid function to transform outcomes into probability values ranging from 0 to 1, 

resulting in the characteristic “S”-shaped curve. In logistic regression, a threshold value, 

commonly set at 0.5, is used to determine the predicted class. If the sigmoid function outputs 

a value equal to or greater than the threshold, the input is categorized as Class 1. Otherwise, 

the input is categorized as Class 0 [30]. 

The Logistic Regression class in scikit-learn implements a regularized logistic regression 

classifier, supporting binary classification. It uses a penalty term to prevent overfitting with the 

default choice is L2. The hyperparameter C is the inverse of the regularization term that 

controls the strength of regularization [39]. The smaller values of C impose stronger 

regularization. The ‘solver’ parameter determines the optimization algorithm used to fit the 

model, and its choice is influenced by the dataset size, sparsity, and whether the problem is 

binary or multiclass. For example, “liblinear” is suitable for small datasets [39]. 
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6.1.2 Support Vector Machine 

Support Vector Machine [34] is a machine learning algorithm that is effective for binary 

classification tasks and well-suited for small datasets. Its objective is to find the hyperplane 

that optimizes the margin, which is the gap between the hyperplane and the closest data points 

from each class [34]. A larger margin generally leads to better generalization on unseen data. 

Support Vector Machine balances margin maximization and misclassification penalties using 

an objective function, typically incorporating hinge loss, where correctly classified points 

within the margin incur no penalty, and misclassified points incur a loss proportional to their 

distance from the margin. Even in cases where the data is not linearly separable, it uses kernel 

functions to implicitly map the data into a higher-dimensional space where it becomes linearly 

separable [34]. This allows it to find a decision boundary even for complex, non-linear patterns 

without explicitly computing the high-dimensional coordinates. 

Several important hyperparameters affect the performance of the Support Vector Machine. The 

kernel parameter determines the type of transformation applied to the data for handling non-

linear patterns. Common options include 'linear' for linearly separable data, 'poly' for 

polynomial feature spaces, and 'rbf’, which is Radial Basis Function for distance-based 

transformations [34]. The C parameter controls the compromise between maximizing the 

margin and reducing classification errors [40]. A smaller C allows a wider margin with more 

tolerance for misclassifications, improving generalization, whereas a larger C forces the model 

to fit the training data more strictly, potentially leading to overfitting. The Radial Basis 

Function kernel's gamma parameter measures the impact of one training example [40]. While 

a large gamma concentrates on nearby points, producing more complex boundaries that may 

overfit the data, a small gamma takes into account points that are far away, resulting in 

smoother decision boundaries. 

 

6.1.3 Neural Network 

Neural networks are machine learning models that replicate the intricate workings of the human 

brain. Neural Networks learn complex, non-linear patterns in data. Its architecture typically 

consists of an input layer that receives data, hidden layers that utilize weighted sums and 

activation functions to perform transformations, and an output layer that produces results. 

Neural networks operate through iterative forward propagation, error assessment, and 
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backpropagation. In forward propagation, weighted sums and activation functions are used to 

pass inputs through layers of neurons and generate outputs. A loss function measures the 

difference between expected and actual outcomes. Then, backpropagation computes gradients 

of this error and modifies the weights and biases via an optimization algorithm. The accuracy 

of neural networks is progressively increased through this cycle over multiple iterations [37]. 

Neural networks rely on several key hyperparameters that significantly influence their 

performance and generalization ability. The learning rate controls the speed at which a model 

adjusts its parameters during training. A small learning rate can slow convergence, while a 

large rate can cause instability. The capacity of the network is determined by the total number 

of hidden layers and the number of neurons per layer, with deeper or wider networks being 

more expressive but also more prone to overfitting. The activation function is a crucial 

hyperparameter, as it significantly impacts the model's performance and rate of convergence. 

Other important hyperparameters include the batch size, which affects the stability and speed 

of training, as well as regularization parameters [44]. 

 

6.1.4 Data Preprocessing 

 

Figure 6.1 Importing Necessary Libraries in Jupyter Notebook 

Figure 6.1 illustrates that the necessary libraries were imported into Jupyter Notebook for 

model training and evaluation, including Pandas and NumPy, which were utilized for data 

handling and computation. 
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Figure 6.2 Student Exam Performance Prediction Dataset on Kaggle 

 

Table 6.1 Data Attributes of the Student Exam Performance Prediction Dataset 

Data Attribute Variable Type Example Remark 

Study Hours  Numeric 

(Continuous) 

4.37 Number of hours student studied 

for the upcoming exam. 

Previous Exam 

Score 

Numeric 

(Continuous) 

81.89 Score obtained in the last exam 

(0–100). 

Pass/Fail Binary (Categorical) 0 Target variable: 1 = Pass, 0 = 

Fail. 

 

The dataset used is the Student Exam Performance Prediction dataset [22], which consists of 

500 samples with two input features and one binary output target label. Table 6.1 lists each 

attribute along with its corresponding variable type. This dataset is used because it contains 

relevant features, such as study hours and previous exam scores, that are suitable for building 

a model to predict a student's success (Pass/Fail) based on key performance indicators. This 

prediction is required to provide a personalized and effective learning path for children. 
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Figure 6.3 Code Snippets of Load Dataset 

 

Figure 6.4 Code Snippets of Preprocessing Steps 

Preprocessing is essential for enhancing accuracy and model performance, particularly when 

the dataset is relatively small. First, load the dataset and display its shape along with the first 

five samples. Then, checked for missing values and duplicate rows in the dataset. There are no 

missing values and duplicate rows. Next, the features X and target Y were separated, and Z-

scores were computed to detect and remove extreme outliers, ensuring data reliability. 

StandardScaler is used to perform feature scaling, which is especially important for models 

such as Logistic Regression, Support Vector Machine, and Neural Networks that are sensitive 

to scale differences. Finally, the dataset was split into 80% training and 20% testing 

sets.  Figures 6.3 and 6.4 illustrate the code used to load the dataset and perform the data 

preprocessing step. 
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6.1.5 Model Training  

 

Figure 6.5 Code Snippets of Logistic Regression Model Training 

After preprocessing the data, a Logistic Regression classifier was created for this binary 

classification task. The training dataset was used to train the Logistic Regression model, which 

allowed the model to learn the weights of each feature to predict the probability that a sample 

belongs to a particular class. 

 

Figure 6.6 Code Snippets of Support Vector Machine Model Training 

A Support Vector Classifier was also implemented using the radial basis function (RBF) kernel. 

The classifier was trained with the fit(X_train, y_train) function to determine the optimal 

hyperplane for separating the classes in the data. 

 

Figure 6.7 Code Snippets of Neural Network Model Training 

For the neural network model training, the Sequential() class was used to build a neural network 

with an input layer corresponding to the number of features. 16 neurons with ReLU activation 

for the first hidden layer, 8 neurons for the second hidden layer, and 1 neuron with sigmoid 

activation for the output layer for binary classification tasks. Compiling the Neural Network 

using the optimizer=’adam’ with loss='binary_crossentropy which is a loss function for a 

binary classification task. Adaptive Moment Estimation (Adam) is one of the common 

optimizers that is able to handle sparse gradients and non-stationary targets effectively [42]. 
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Then, train the model with 50 epochs, 16 for batch_size, and verbose is 0, which suppresses 

output logs while training. 

 

6.1.6 Performance Metrics 

Performance metrics evaluate models' accuracy, precision, recall, F1-score, and 5-fold cross-

validation accuracy, providing a comprehensive understanding of their classification task 

performance. In this context, TP refers to true positives, TN is true negatives, FP refers to false 

positives, and FN refers to false negatives. 

1. Accuracy is known as the overall proportion of correct predictions made by the model, 

and the formula is in equation (1). 

2. Precision is the proportion of positive predictions made by the model that are correct, 

and the formula is shown in equation (2). 

3. Recall is the fraction of real positive cases in a dataset that a model accurately detects, 

and the formula is indicated in equation (3). 

4. F1-score is a balanced indicator of a classification model's performance that is a 

harmonic average of precision and recall and is shown in equation (4). 

5. 5-Fold Cross-Validation is a method that divides a dataset into five folds, trains the 

model on four folds, and tests it on the remaining fold five times. The average accuracy 

of all five folds is taken into account to report the final performance. This method 

ensures that the model performs consistently across various dataset subsets and lowers 

the chance of overfitting. 

Equations: 

 

 

(1) 

 

 

(2) 
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(3) 

 

 

(4) 

 

6.1.7 Model Evaluation 

Table 6.2 Comparative Performance Metrics of Machine Learning Models 

Model Training 

Accuracy 

Test 

Accuracy 

Precision Recall F1 -

Score 

5-Fold CV 

Accuracy 

Logistic 

Regression 

0.8700 0.8600 0.8235 0.7778 0.8000 0.8675 

Neural 

Network 

1.0000 0.9800 1.0000 0.9444 0.9714 0.9875 

Support Vector 

Machine 

0.9975 0.9500 0.9697 0.8889 0.9275 0.9950 

 

Logistic Regression [39], Support Vector Machine [40], and Neural Network [41] models were 

trained on the dataset to evaluate their performance based on the parameters discussed in 

Section 1.5. Table 6.2 presents a comparison of their performance metrics. 

Logistic Regression achieved moderate performance, with a test accuracy of 86% and a recall 

of 77.78%, suggesting some underfitting. The neural network achieved a test accuracy of 98% 

and an F1 score of 97.14%. However, perfect training accuracy indicates potential overfitting, 

particularly given the small dataset and limited features. The Support Vector Machine 

demonstrated a strong balance between accuracy and generalization, achieving 95% test 

accuracy, an F1 score of 92.75%, and the highest average of 5-fold cross-validation accuracy 

results, along with a high precision of 96.97% and a recall of 88.89%. Overall, the Support 

Vector Machine provides the most reliable performance, and further fine-tuning is required to 

enhance its effectiveness and efficiency. 
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6.1.8 Model Fine-Tuning and Evaluation 

 

Figure 6.8 Code Snippets for Logistic Regression Hyperparameter Tunning 

 

Figure 6.9 Code Snippets for Support Vector Machine Hyperparameter Tunning 

 

Figure 6.10 Code Snippets for Neural Network Hyperparameter Tunning 
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Table 6.3 Comparative Performance Metrics of Fine-Tuned Machine Learning Models 

Model Training 

Accuracy 

Test 

Accuracy 

Precision Recall F1 

Score 

5-Fold CV 

Accuracy 

Logistic 

Regression 

0.8750 0.8600 0.8438 0.7500 0.7941 0.8775 

Neural 

Network 

1.0000 0.9900 1.0000 0.9722 0.9859 0.9850 

Support 

Vector 

Machine 

0.9975 0.9700 1.0000 0.9167 0.9565 0.9975 

 

Table 6.4 Best Hyperparameters of Fine-Tuned Machine Learning Models 

Model Best Hyperparameters 

Logistic Regression C = 0.1, penalty = l2, solver = saga 

Support Vector 

Machine  

C = 10, gamma = scale, kernel = rbf 

Neural Network  batch_size = 16, epochs = 50, hidden_units1 = 32, hidden_units2 = 

8, optimizer = rmsprop 

 

For model fine-tuning, the goal is to identify the optimal hyperparameter that yields the best 

generalization on unseen data. Grid Search is used for hyperparameter tuning by systematically 

attempting each conceivable combination of predetermined values within a defined range [45]. 

For Logistic Regression, a parameter grid is defined with different values of C (regularization 

strength), including 0.01,0.1,1, 100 and 100, and penalty (l1, l2, elasticnet, none), and the solver, 

which is the liblinear or saga. Figure 6.8 shows the code for hyperparameter tuning using 

GridSearch for Logistic Regression. 

For Support Vector Machine, the parameter grid explores different values of C (regularization), 

including 0.1, 1, 10, and 100, gamma (kernel coefficient), including the scale, auto, 0.01,0.1,1, 

and kernel type (linear or rbf). Figure 6.9 shows the code for hyperparameter tuning using 

GridSearch for the Support Vector Machine. 

For Neural Network, a function build_model() is used to create a flexible neural network with 

adjustable learning rate, dropout rate, L2 regularisation strength, number of layers, and number 

of neurons per layer. The model is wrapped with KerasClassifier so it can work with scikit-

learn’s tools. As shown in Figure 6.10, the parameter grid in Neural Network defines the 
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potential values for the hyperparameters, and GridSearchCV with 5-fold cross-validation was 

used to evaluate the models and output the best parameter. 

As shown in Tables 6.2 and 6.3, the Logistic Regression model achieved a reasonable test 

accuracy of 86% after fine-tuning, which is the same as the baseline model, with a training 

accuracy of 87.5%. It demonstrated a relatively high precision of 84.38% and a 5-fold cross-

validation accuracy of 87.75%. However, the model still underfits and performs worse than the 

other models, even after fine-tuning. Only slight improvements were observed in precision 

from 82.35% to 84.38%, and cross-validation accuracy from 86.75% to 87.75%, while test 

accuracy remained unchanged. This suggests that Logistic Regression is too simple to capture 

complex data patterns compared to Support Vector Machine and Neural Networks. 

The Neural Network achieved the highest performance across most metrics, with 100% training 

accuracy, 99% test accuracy, and an F1 score of 98.59%, outperforming both Logistic 

Regression and Support Vector Machine. However, perfect training accuracy is a strong 

indicator of overfitting, particularly given the small dataset size and the use of only two input 

features. Although test accuracy improved slightly from 98% to 99% after fine-tuning, and 

recall increased from 94.44% to 97.22%, the cross-validation accuracy slightly decreased from 

98.75% to 98.50%, suggesting reduced stability.  

The performance of the Support Vector Machine was further optimized by hyperparameter 

tuning to enhance its performance. The best hyperparameter was determined for employing a 

Radial Basis Function kernel, a regularization parameter C of 10, and gamma set to scale. As 

shown in Table 6.4, the tuned Support Vector Machine model demonstrated a significant 

improvement over the baseline version. It achieved the best cross-validation accuracy of 99.75% 

among the tuned models and demonstrated strong generalization across various data subsets. 

Test accuracy increased from 95% to 97%, recall improved from 88.89% to 91.67%, and the 

F1-score rose from 92.75% to 95.65%. Importantly, the Support Vector Machine model 

demonstrated that all the positive predictions made by the model were correct, as evidenced by 

a perfect precision score. This reduces the chance of incorrectly determining that the student 

should fail. 

Although the neural network achieved the highest test accuracy, it showed obvious evidence 

of overfitting and incurred higher computational costs compared to other models due to its 

complex architecture. Logistic regression tends to underperform compared to other models and 

lacks the capacity to model complex relationships. 
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In this case, the fine-tuned Support Vector Machine provides the best balance between 

generalization and performance. With a strong cross-validation accuracy of 99.75%, a high test 

accuracy of 97%, perfect precision, and no evidence of overfitting, it demonstrates both 

reliability and stability. Therefore, the fine-tuned Support Vector Machine was chosen as the 

final model for deployment in the proposed application. 

 

6.1.9 Model Serialization 

 

Figure 6.11 Code Snippet for Saving Tuned Support Vector Machine Model and Scaler 

As the Support Vector Machine model provides the best reliability and generalization based on 

the output result, the tuned Support Vector Machine model is saved to disk as a file named 

“svm_model”. joblib.dump(scaler, "scaler.pkl") is to save the scaler to ensure the exact same 

scaling is applied to new data before prediction. Both are saved using the joblib library, as it is 

the standard choice for scikit-learn models like the Support Vector Machine model, which does 

not have direct compatibility. The implementation of the model is presented in Chapter 5, 

Section 8. 
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6.2    Testing Setup and Result 

Testing is an important step to verify that proposed applications operate according to their 

specified functionality and interaction. A test case is used to outline steps and the expected 

outcome based on user interaction. The test cases for the proposed application are compiled in 

the following tables. 

• Login & Registration 

Test Case 

ID 

Test Description Expected Result Result 

TC01 User enters valid email and 

password. 

User is authenticated and navigates to 

the main menu. 

Pass 

TC02 User enters invalid 

credentials. 

Error message is displayed, login 

denied. 

Pass 

TC03 New user registers with 

valid credentials 

Account is created and stored in 

Firebase Authentication. 

Pass 

 

• Lessons & Exercises 

Test 

Case 

ID 

Test Description Expected Result Result 

TC04 User selects a level and 

accesses exercises. 

Lesson and exercise load correctly 

according to the selected difficulty 

level. 

Pass 

TC05 User attempt the question in 

vocabulary exercise. 

Correct answers receive positive 

feedback, while incorrect answers 

show detail explanation. 

Pass 

TC06 User select the audio button to 

listen to vocabulary 

pronunciation audio. 

Audio is played clearly. Pass 

TC07 User practices speaking by 

repeating conversation 

sentences. 

Speech recognition captures input, 

compares with expected 

pronunciation, and gives score. 

Pass 
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TC08 User attempts grammar fill-in-

the-blank exercise. 

Correct responses are accepted. 

While incorrect responses show 

explanation feedback. 

Pass 

TC09 User attempts sentence ordering 

grammar exercise. 

Correct orders are validated with 

positive feedback.  

Incorrect order shows feedback with 

explanation.  

Pass 

TC10 User completes a full lesson 

(vocabulary /grammar). 

Summary feedback is displayed with 

score, and suggestions. 

Pass 

TC11 User retries a failed lesson. Lesson reloads with the same set of 

exercises for reattempt in different 

sequences. 

Pass 

 

• Feedback & Reward System 

Test Case 

ID 

Test Description Expected Result Result 

TC12 User answers correctly or 

incorrectly. 

Real-time feedback messages are 

displayed. 

Pass 

TC13 User completes an 

assessment. 

Badge is awarded and displayed in 

achievements section. 

Pass 

 

• Data Logging & Profile 

Test 

Case ID 

Test Description Expected Result Result 

TC14 User completes an activity that 

included lesson and exercise. 

Activity is logged in Firestore with 

score and completion time. 

Pass 

TC15 User views profile and 

achievements. 

Correct user details, badges, total 

study time and progress are 

displayed. 

Pass 

 

 



Bachelor of Computer Science (Honours)  

Faculty of Information and Communication Technology (Kampar Campus), UTAR 
    103 
 

• Translation  

Test Case 

ID 

Test Description Expected Result Result 

TC16 User inputs Mandarin sentence 

for translation. 

English translation is displayed with 

correct text output. 

Pass 

TC17 User inputs English sentence 

for translation. 

Mandarin translation is displayed 

with correct text output. 

Pass 

TC18 User requests audio output of 

translated text. 

Clear text-to-speech audio is played 

in the target language. 

Pass 

 

• Summarization 

Test 

Case ID 

Test Description Expected Result Result 

TC19 User uploads image with short 

text (1–2 sentences). 

Extracted text is displayed and 

summarized correctly. 

Pass 

TC20 User uploads image with long 

text (paragraph). 

Extracted text is summarized in both 

paragraph and bullet-point formats. 

Pass 

TC21 User inputs raw text directly for 

summarization. 

Text is summarized accurately into 

shorter form. 

Pass 

TC22 User uploads image with no 

text.  

Display no text contain in the image. Pass 

TC23 User pastes a long article (>500 

words) for summarization. 

Summarization generates concise 

results without crashing. 

Pass 

 

• Entry Test, Prediction & Review 

Test 

Case ID 

Test Description Expected Result Result 

TC24 User completes entry-level test. Score calculated and level 

assigned. Result logged to 

Firestore database. 

Pass 
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TC25 User selects assessment test in 

chapter page without completing 

activities. 

Display warning message 

prompting users to complete all 

activities first. 

Pass 

TC26 User attempts level assessment test 

in selected level chapter page. 

Model predicts outcome 

(Pass/Fail) and recommends 

review if needed. 

Pass 

TC27 User enters review session if models 

predict failure in current level 

assessment. 

Review questions generated from 

weak areas with immediate 

feedback. 

Pass 

 

6.3    Project Challenges 

One of the main challenges of this project was the limited availability of data and features 

for training the prediction performance model. This limitation restricts the model's depth and 

generalization ability, as in real-world contexts, learners’ performance is influenced by a 

greater number of variables, including motivation, consistency of practice, and individual 

learning styles. 

In addition, the application was designed only for children aged 10 to 12 years, but even in 

narrow age range, learners display greatly different learning styles and learning 

preferences, and designing an application that accommodates such diversity proved 

challenging. 

Another limitation was the limited timeframes of project development and evaluation, 

which restricted opportunities for iterative testing and refinement after the initial system 

deployment. 
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6.4    Objectives Evaluation 

Overall, the project's objectives were successfully achieved. 

• The first objective, which was to integrate advanced language learning features such 

as real-time translation and text and image summarization, was fully implemented. 

These features promote self-directed learning, enabling learners to engage with the 

content independently. 

• The second objective, which involved developing a performance prediction model, 

was also met. The model demonstrated strong results with 97% test accuracy, 91.67% 

recall, 95.65% F1-Score, and 100% precision. Furthermore, an entry-level test was 

integrated into the application to ensure that the content of the lesson and exercise aligns 

with children's Mandarin proficiency. 

• The third objective was to design and implement comprehensive lessons and 

exercises supported by a reward system and an immediate feedback mechanism. 

This objective was successfully achieved, as the system was shown to enhance learner 

motivation, engagement, and overall language acquisition. 

 

6.5 Concluding Remark 

This chapter discussed the development of the performance prediction model from data 

processing and training to final evaluation. Support Vector Machine demonstrated the best 

balance between accuracy, precision, recall, and generalization among the models tested, 

making it the most suitable for practical deployment in the proposed application. The 

challenges, such as limited dataset size and variability in learner behavior, were acknowledged, 

highlighting areas for future improvement. The results from testing confirm that the application 

functions as working, providing a strong foundation for the final evaluation and discussion in 

the next chapter. 
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CHAPTER 7 

Conclusion and Recommendation 

7.1 Conclusion  

This project aims to deliver an effective and engaging mobile application for English-speaking 

children aged 10 to 12 to learn Mandarin in a personalized and self-directed way. The cognitive 

advantages of early language acquisition and the significance of Mandarin growing worldwide 

are driving forces. However, traditional learning methods and many existing applications fall 

short, often lacking interactive features, tailored support, and effective handling of specific 

difficulties like tonal pronunciation and complex grammar. 

To address these issues, this project developed a mobile application that incorporated real-time 

voice and text translation, text and image summarization, and thematic lessons and exercises 

covering speaking, vocabulary, and grammar for children to learn Mandarin effectively. The 

application also included a gamified reward system and a real-time feedback mechanism to 

motivate and engage children. An entry-level test is included to ensure that children start at the 

proper proficiency level while adaptive pathways guide their progress. 

A fine-tuned Support Vector Machine performance prediction model was selected for 

deployment due to its strong and balanced predictive capability, achieving 97% test accuracy, 

and 95.65% F1-Score outperforming the other fine-tuned models. The model was deployed via 

AWS Lambda and made accessible through an API Gateway, which allows the application to 

send input variables and obtain real-time predictions. This approach enables the application to 

deliver intelligent predictions without compromising its performance and efficiency. Beyond 

its technical capabilities, the model's support for personalized review sessions, which provide 

adaptive learning pathways, adds to its usefulness. 

In short, this project delivered a comprehensive Mandarin learning application with machine 

learning-driven personalization, along with interactive lessons and exercises, and advanced 

features for supporting learning. Despite limitations such as small dataset size and diversity of 

learner styles, this application demonstrates significant potential to improve Mandarin 

acquisition among English-speaking children and provides a strong basis for future 

development in intelligent and adaptive language learning. 
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7.2 Recommendation 

There are several recommendations to enhance the functionality and performance of the 

proposed application, aiming to provide better user experience and support a wider range of 

learning styles. 

First, implementing noise reduction techniques would enhance the accuracy of speech 

recognition, particularly in environments with significant background noise. Also, integrate the 

speech evaluation services that provide real-time feedback on fluency, accuracy, and intonation 

to provide the user with more precise and comprehensive feedback on their pronunciation. 

Second, add more variables and data into the performance prediction model to increase the 

accuracy and adaptability across a broader range of learners. This would allow the application 

to generate more personalized learning paths. Moreover, implement a more detailed adjustment 

on the learning path where the difficulty levels change dynamically based on error trends and 

time spent on activities. 

Third, the lesson content could be expanded beyond text, images, and flashcards by 

incorporating video-based lessons or animation-driven game-based learning modules to 

enhance children's engagement and broaden their learning preferences. Additional gamification 

elements, such as storylines and interactive challenges, could also be implemented to keep 

students motivated and focused for longer periods of time. 

Lastly, user testing with real English-speaking children should be included in future studies to 

gather input and validate the application's effectiveness in real-world settings. Although this 

would greatly improve the application, since children's data would be involved, thoughtful 

ethical consideration is needed, including parental consent and data protection. 
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