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Introduction

Traditional C programming courses often follow a one-size-fits-all approach, ignoring
diverse student needs and leading to inefficiencies in learning. This can lead to frustration,
slow progress, and inefficiencies in mastering C programming. Additionally, students
frequently need help locating resources matching their current proficiency levels.
CNavigator addresses these challenges by leveraging AI’s real-time adaptation capability to
create a personalized learning platform. It dynamically tailors lectures, quizzes, and feedback
to individual needs, enabling students to advance at their own pace. This approach improves
learning efficiency and aligns with the growing demand for intelligent, adaptive tools in
modern education, offering a more engaging and effective solution for mastering C
programming.
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Background and Related Work

Several approaches have been proposed to address challenges in C programming education.
Fu et al. (2017) introduced a real-time learning analytics system that detects errors and
provides immediate feedback, enabling students to correct mistakes during exercises. This
foundational work on adaptive feedback mechanisms informs the design of CNavigator,
enhancing student engagement and learning outcomes [1].

Similarly, Daungcharone et al. (2019) developed a mobile game-based learning system for
C programming, showing that interactive, engaging tools significantly improve student
motivation and performance. CNavigator incorporates quizzes and personalized feedback to
create a more engaging learning environment [2]. These works establish CNavigator’s
foundation, combining analytics and interactive features to address common limitations in
traditional C programming education.

Data and Data Processing

Our data is derived from three sources, as shown in Figure 2: C Primer Plus, an authoritative
textbook; DEV_DOCS, concise C syntax definitions; and MISRA, a coding standards
document for professional practices.

Rule85  Anexternal object or function shall be declared once in one and only
one file

g
_
F
Section 8: Rules

Amplification

Displaying Octal and Hesadecmal Rationale

Example

See also

th these declarations: if statement

Fill in the proper type specifiers in the following print£ () statements:
printf("The odds against the $__ were %__ to 1.\n", imate, shot);
printf("A score of %__ is not an %__ grade.\n", log, grade);

Figure 2. Data Sources



The raw data required manual cleaning to remove extraneous content, such as lengthy
examples. We extracted 45 knowledge points across nine chapters from C Primer Plus and
DEV_DOCS, labelling them with two difficulty levels to create a structured dataset (Figure
3) that aligns with educational goals and is the basis for generating system prompts. This
structured dataset is the database for implementing the Retrieval-Augmented Generation
(RAG) technique, enabling the system to dynamically access relevant and well-organized
knowledge points to generate accurate and contextually appropriate prompts.

Chapter Knowledge Point Basic Content Advanced Content
Data Types int The int type is used to store Explore how signed and
integers unsigned integers work,

including overflow behavior and
performance implications in
arithmetic operations.

Figure 3. Knowledge Points Dataset

To facilitate personalized learning, we developed basic and advanced fixed initial tests
(Figures 4 and 5) to assess students’ proficiency. These tests were created using review
questions from C Primer Plus and focused on fundamental and advanced concepts.

Chapter Question Option A Option B Option C Option D Answer
Data Types Which of the int age = 25; integer age = 25; int age = "25"; int age = '25"; A
following options
correctly float height = decimal height = float height = float height =
declares 59: 5.9: "5.9" 59:

variables with

gg;ﬁ tg?.gscwat} in char grade ="A’; character grade chargrade=A; chargrade =

c? =" A%

Figure 4. Basic Fixed Initial Tests

Chapter Knowledge Question Option A Option B Option C Option D Answer
Point

Data Types int In a system Use long long  Convert all Implement Use only C
performing for all calculations to  overflow unsigned
high-frequency calculations float checks with integers
calculations appropriate
which unsigned types
approach best
handles
potential
integer
overflow?

Figure 5. Advanced Fixed Initial Tests

We also compiled a coding rules dataset from MISRA (Figure 6), targeting professional
practices.



Rule

Rule 6.1
Rule 6.2
Rule 7.1
Rule 7.2
Rule 7.3
Rule 7.4

Requirement

Bit-fields shall only be declared with an appropriate type

Single-bit named bit fields shall not be of a signed type

Octal constants shall not be used

A'u' or 'U' suffix shall be applied to all integer constants that are represented in an unsigned type

The lowercase character 'I' shall not be used in a literal suffix

A strina literal shall not be assianed to an obiect unless the obiect's tvoe is 'pointer to const-aualified char'

Figure 6. Coding Rules Dataset

All datasets were formatted into CSV files for integration into the system. Additionally, we
labelled the generated content (Figure 7) into categories such as syllabus, quizzes, and
feedback for evaluation on two aspects outlined in our rubric: Accuracy and Relevance.

Generated content

Syllabus

Lecture

In-lecture quiz

In-lecture quiz feedback

Chapter quiz

Chapter quiz feedback

Summary

Figure 7. Generated Content Labelling

This approach ensures the data is clean, well-structured, and tailored for adaptive learning.

Architecture

Figure 1 in the Illustration section outlines the system’s architecture, which comprises four
agents: Coordinator, Tutor, In-lecture QuizMaster, and In-chapter QuizMaster, using
GPT-40. These agents collaboratively deliver adaptive C programming education, each
performing distinct roles to create an efficient and personalized environment. f

The system begins with fixed initial evaluations (Figure 8), split into basic questions covering
all nine chapters and advanced questions targeting each chapter’s syntax. This structure
prevents students from being overwhelmed and allows the Coordinator and Tutor to deliver
tailored course content effectively.
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Figure 8. Level Evaluation Logic
The Coordinator introduces a chapter syllabus, providing a clear framework. This helps
students understand the chapter’s learning goal. The Tutor delivers interactive lectures,
adapting content based on evaluations and conversation history to match students’
understanding. Students can interact with the Tutor by asking questions, and the Tutor can
give alternative explanations to ensure that students grasp each concept fully.

After each lecture, the In-lecture QuizMaster reinforces concepts with customized quizzes
and feedback. Upon completing a chapter, the In-chapter QuizMaster evaluates
understanding with coding quizzes, offering hints, corrections, and praise.

After all chapters, the Coordinator generates a personalized course summary based on the
accumulated interactions.

This adaptive evaluation and teaching process tailors the learning journey to individual
proficiency levels. The interaction among these agents enables CNavigator to dynamically
adapt content, ensuring that each student’s experience is personalized and effective.
Additionally, the modular design ensures each agent performs a specific role and interacts
seamlessly, making the system scalable and reproducible. Its scalability and replicability
make it a model for creating similar adaptive systems.

Comparison

Traditional methods like BERTScore focus on textual similarity and cannot evaluate
dynamic, customized systems. No standard quantitative evaluation method is explicitly
tailored for personalized learning systems like ours. Existing adaptive systems primarily



assess user interaction, content relevance, and learning outcomes [3]. So, we developed a
manual evaluation process to address the gap and chose the Coursera course Programming
Fundamentals as a baseline. This course, offering static, non-adaptive lecture content and
quizzes, provides a meaningful contrast to assess CNavigator’s adaptive capabilities. Unlike
document-based resources like W3Schools, Coursera delivers structured video lectures and
quizzes, simulating a teacher-led learning experience. This structured and guided approach
makes Coursera a more relevant and effective benchmark for evaluating the personalized and
adaptive features of CNavigator.

Evaluation Method
We evaluated CNavigator and the baseline system under identical conditions, focusing on
the following:

1. Rubric-Based Evaluation: Using a predefined rubric (Table 1), three experts rated
Accuracy and Relevance (factual correctness and topic alignment), while three
students assessed Difficulty, Tone/Attitude, and Interaction (content suitability,
system friendliness, and feedback quality).

Evaluators scored each aspect on a scale of 0, 0.5, and 1, with total scores aggregated
for overall performance. This method ensures consistency and reproducibility,
aligning with adaptive learning research practices [3].

Table 1. Evaluation Rubric

Aspects Details Score
Accuracy Are the generated contents free from factual errors? 0-1
Relevance Does the course content match our current topic? 0-1
Difficulty Does the lecture content match the user's level? 0-1
Tone/Attitude Friendly and patient during the courses? 0-1
Interaction Reasonable interaction & helpful feedback? 0-1
Overall Total score across all aspects. 0-5

2. User Feedback: Evaluators provided qualitative feedback on content clarity,
engagement, learning efficiency, and satisfaction. These insights complement the
quantitative results by highlighting system strengths and identifying areas for
improvement.



This approach combines quantitative scoring with qualitative insights for a comprehensive
evaluation.

Quantitative Results

Our evaluation framework employs a comprehensive rubric (Table 1) that measures five key
dimensions: Accuracy, Relevance, Difficulty, Tone/Attitude, and Interaction. Multiple
evaluators independently scored both systems for each lecture, ensuring objectivity and
reliability. The scores represent averages across all lectures and evaluators, providing a
holistic view of system performance.

Accuracy and Relevance were calculated as ratios of accurate to inaccurate and relevant to
irrelevant content, respectively. Difficulty, Tone/Attitude, and Interaction scores were
averaged across chapters from testers. Appendix A contains detailed evaluation data.

Based on Table 2, both systems perform well in Accuracy and Relevance, with the baseline
scoring perfectly in both. CNavigator scored slightly lower in Relevance (0.99) due to
occasional mismatches but outperformed the baseline significantly in Difficulty (0.86 vs
0.57), demonstrating its adaptability. It also achieved perfect scores in Tone/Attitude and
Interaction, highlighting its effectiveness in creating an engaging learning environment.

CNavigator’s cumulative score of 4.82 versus the baseline’s 3.85 validates its effectiveness
in delivering personalized, high-quality learning. These results strongly support our adaptive
programming education approach.

Table 2. Performance Comparison Scores

Aspects CNavigator Baseline
Accuracy 1.00 1.00
Relevance 0.99 1.00
Difficulty 0.86 0.57
Tone/Attitude 1.00 0.71
Interaction 1.00 0.57
Overall 4.82 3.85




Qualitative Results

For the qualitative evaluation, we relied on feedback from six evaluators. The results confirm
CNavigator’s personalized and adaptive learning experience, aligning with quantitative
results across Accuracy, Relevance, Difficulty, Tone/Attitude, and Interaction.

The system effectively tailors lecture difficulty based on initial test results (Figures 9-10) and
offers teaching style options.

f printf{*Hello, C languags!”)

Submit Answer

Figure 9. Initial Test

Select Your Preferred Teaching Style

hing style:

Figure 10. Teaching Style Selection

Each chapter presents a structured syllabus (Figure 11) with clear learning objectives. The
lecture content integrates with learning standards and provides customized feedback (Figure
12).

By Chapter: Branching and Jumps Syllabus
Chapter Syllabus:

Syllabus for Chapter: Branching and Jumps

or you with the t

Continue

Figure 11. Chapter Syllabus



Lecture on Knowledge Point: while

Basic Content: while is a pre-condition loop that executes as long as the condition remains true. Advanced Content: Learn common pitfalls like infinite loops and optimize conditions for performance.

Hello there! I'm so glad you're here to leamn about C programming. Today, we're going to dive into the concept of the while loop. It's a fundamental part of programming that allows us to repeat a set of instructions as long as a certain condition remains

true. Let's break it down in a friendly way!

What is a while loop?

Alwhile loop isa type of pre-condition loop. This means that it checks the condition before executing the loop's body. If the condition is true, the loop will execute. If it's false, the loop will stop. Think of it like a doorman at a club: if you meet the
requirements (the condition), you're allowed in (the loop executes). If you don't, you stay outside (the loop exits).

Declaring and Using a while loop

The syntax for a while loop looks like this:

while (condition) i
// Code to be executed repeatedly

Example

Let's look at a simple example of a while loop that counts from 1to 5

#include <stdio.h>

int main() {
int count = 1; // Initializing the countex

while (count §) { // condition to check

printf("%d\n" nt); // Print the current count
count++; // Increment the counter

return

Explanation of the Example
1. Initialization: We start by initializing a variable count to 1
2. Condition Check: The while loop checksif count is less than orequal to 5.
3. Execution: If the condition is true, the code inside the loop executes, printing the current value of count
4. Increment: After printing, we increment [count by 1.

The loop continues to check the condition until count exceeds 5, at which point the loop stops.
Common Pitfalls

One common mistake when using a while loop is creating an infinite loop. This happens when the loop's condition never becomes false. For instance:

printf(*%d\n", count);
/{ Missing countt+; here means it will keep printing 1 forever!

In this example, because we forgot to increment [count , it will keep printing 4/ indefinitely. Always ensure that your loop will eventually meet a condition that breaks it!

Optimizing Conditions
When using while loops, it's also important to optimize your conditions. For instance, if a condition is too complex or involves unnecessary calculations, it can slow down your program. You want to keep your conditions as simple and efficient as

possible.

Questions?

Do you have any questions about the while loop. or would you like to see another example? I'm here to hel

Figure 12. Lecture Notes

Real-time interaction (Figure 13 and 14) reduces pressure and boosts confidence, allowing
users to ask questions freely.

Your Question

| don't understand Optimize Conditions , can you tell me more about it with examples?

Figure 13. Question Box



Of course! Let's provide more detailed examples and explanations on optimizing conditions in while loops.

Understanding Optimize Conditions
Optimizing conditions in loops means making sure that nditions you set for the re efficient, leading to clearer and more computations and ensure the loop b

Another Example: Counting Down

Let's say you want to count down from 10 to 1. Here's an inefficient implementation:

g, counting to 0
printf(”
count

retumn @;

Issues with the Example
The loop counts down to 0, but let's s: anly wanted to count from 10 to 1. The condition is not optimized for our specific goal.

Optimized Versii

Now let's aptimize the loop for counting only from 10 to 1:

optimized to stop at 1

Figure 14. Real-Time Interaction

The system incorporates customized in-lecture quizzes based on conversation history,
including personalized feedback. (Figure 15)

Quiz Time!

Hello there! I'm so glad you're here to review your understanding of while loops in C programming. Let's dive into a fun quiz to test your knowledge!
Here's your first question:

Question 1: What is the main feature of a while loop in C programming?

A) It executes the block of code at least once before checking the condition.

B) It checks the condition after executing the block of code.

C) Itis a pre-condition loop that checks the condition before executing the block of code.
D) It allows multiple conditions to be checked simultaneously.

Take your time to think it over! If you're unsure, I'm happy to give you a hint. What do you think the answer is?

Your Answer

Figure 15. Lecture Quiz

While the system performs well, we identified some minor content sequencing issues, like
including “else” in a quiz about “else if,” which hadn’t been taught yet. (Figure 16)



Quiz Time!

Hello there! @ I'm so excited to see you diving into the else if statementin C programming! Let’s test your understanding with a fun quiz question. Here it is:
Question 1: Which of the following statements about the else if structureis true?

A) The else if statement can only be used afteran if statement.

B) You can have multiple else if statements followingan if statement.

C) The code in the else block executes only if all previous conditions are false.
D) All of the above.

If you're unsure, let me know and | can give you a hint! You're doing fantastic! #-

Figure 16. Irrelevant Example

The system also generates tailored coding questions, guides coding standards, and highlights
non-standard practices. (Figures 17 and 18)

Chapter Quiz: Looping

Quiz Content
Hello there! Welcome to your comprehensive C programming test at the end of the chapter. I'm excited to see how much you've learned!
We'll start with a coding exercise where you'll need to complete a missing function. Here’s a complete program with one piece for you to fill in. Are you ready?
### Exercise: Implementing the Sum Function

**Task:** Complete the missing function “sum_array" which calculates the sum of all integers in an array.

#include <stdio.h>

// Function prototype
int sum_array(int arr[], int size);

int main() {
int numbers[] ={1, 2, 3, 4, 5};

int size = sizeof(numbers) / sizeof(numbers[0]);

int total = sum_array(numbers, size);
printf("The sum of the array is: %d\n", total);

return 0;
// Fillin the function here

**Purpose of Missing Function:** The *sum_array" function should take an array of integers and its size as input parameters and return the sum of the integers in that array.
**Example:**

- **Input:** *{1,2,3,4,5}", “size=5"

- **Qutput:** *15°

Now, give it a shot! What would you put in for the *sum_array" function?

Figure 17. Chapter Quiz

Quiz Content

Great try! You're on the right path, but there are a few small issues with your function signature and parameter declaration. In C, you need to specify the types for the parameters when declaring the function.

Figure 18. Feedback



CNavigator concludes the course with a comprehensive and personalized summary. (Figure
19)

1 Course Completion

Your Learning Journey Summary

Performance Summary & Recommendations

Absolutely! As we wrap up this C programming course, it's important to take a moment to reflect on your journey. Throughout the course, you've shown a great commitment to learning the fundamentals of C, and you should be proud of the
progress you've made.

You engaged with key concepts, such as data structures, memory management, and efficient coding practices. You've tackled hands-on activities that further reinforced your understanding and skill in working with C. Your dedication to mastering
topics like structures (structs), their memory layout, and serialization has set a solid foundation for your programming skills.

**Summary of Performance:**

- **Engagement:"* Your active participation and eagerness to learn were evident throughout the course.

- **Understanding:** You grasped important C concepts

- **Progress:** You worked through challenges and effectively utilized coding exercises to enhance your leaming experience.

**Next Steps to Continue Your Growth in C:
Practice Regularly:"* Keep coding! Work on small projects or coding challenges that require you to implement structures and other concepts you've learned.
**Explore Advanced Topics:** After mastering the basics, consider diving deeper into topics like pointers, memory allocation, file 1/0, and algorithms
**Contribute to Open Source Projects:** Engaging with open-source projects can provide real-world experience and help you leamn from experienced developers
4.**Join Online Communities:** Get involved in programming forums or groups where you can ask questions, share your work, and collaborate with others.
5. **Build a Portfolio=** Start creating small applications or tools using C. This will not only enhance your skills but also give you something tangible to showcase in your future endeavors.

Remember, learning is a continuous process, and each step you take builds your skills even further. Keep up the fantastic work, stay curious, and don't hesitate to reach out if you have questions or need guidance in the future. You've
accomplished so much, and your potential is limitless. Happy coding!

Congratulations on completing the course!

Figure 19. Course Summary

The system presents basic concepts for users who need prior programming experience
(Figures 20 and 21).

Lecture on Knowledge Point: int

Basic Content: Stores integers (whole numbers) without decimals, such as 123 or-123. Advanced Content: In addition to storing integers, modifiers can change the storage range and sign of int, such as short int and long int for smaller or larger ranges, and

unsigned int for non-negative integers, expanding positive range. Understand int storage length across systems (typically 32-bit) and the use of long long int for larger ranges.
Hello there! I'm so glad you're here to learn more about C programming. Today, we're going to dive into a fundamental concept: data types, specifically focusing on the int type!
What is int ?
In C programming, /int stands for "integer.” It is used to store whole numbers, which means numbers without any decimal points. For example, you can store values like 123, -123, or even 8.
Basic Explanation
An int can hold both positive and negative numbers, but it won't handle any fractions or decimals. So, if you try to store a number like 19.99), it won't work as you might expect!
Code Example
Let's look at a simple code snippet to illustrate how to use ‘int in C:

#include <stdio.h>

int main() {

int myNumber = 42; // Declaring an integer variable

printf(*The value of myNumber is: %d\n", myNurber); // Printing the integer
return ©;

Explanation of the Example

1. Include Statement: At the top, we have #include <stdio.h>,which allows usto use the print function to display output.
2. Main Function: The main ()| function is where our program starts executing.
3, Variable Declaration: We declare an integer variable called myNumber and assign it the value 42,

4, Printing the Value: The printE function is used to print out the value of imyNumbez . The %d| format specifier is used to indicate that we are printing an integer.

Storage Length

The storage length of an int can vary between different but it's commonly 32 bits. This means it can typically store values from -2,147, 448 z »483,647 , If you need to work with even larger integers, you can use long long

which allows for a much larger range.
Interaction Timel

Now that I've explained the int data type and its modifiers, do you have any questions? Would you like me to provide 71'm here to help you under

Your Question

Submit

Figure 20. Basic Level Lecture



Your Question

tell me more about how to define int

Submit

Absolutely! Defining an /int in C is quite straightforward, and there are some important points to remember, Let's break it down step by step.
Definingan int
To define (or declare) an int , you'll use the keyword | int, followed by a variable name and an optional initialization (the value you want to assign to it). Here’s the basic syntax:

int variableName; // Declaration without initialization

Or, you can declare and initialize it in one go:

int variableName = value; // Declaration with initialization

Examples of Defining int

1. Single Declaration:
int count; // Declaring an integer variable named count

Here, you've declared an int variable called count.. At this point, it doesn't hold any specific value yet.

2. Declaration with Ini
ring and initializing the variable age

In this example, you’ve both declared and initialized age with the value 25. Now, age holds the integer 25.

3. Multiple Declarations: You can declare multiple integersin a single line as well:

int x =6, y = 1@, 2z = 15; // Declaring and initializing multiple integers
In thiscase, %, y, and 2| are all declared as integer variables and initialized to &, 16, and 15, respectively.
Note on Scope

When you define an 'int, you should also be aware of its scope.
5 Ifyou declareitinside afunction (like main() ), the variable is local to that function.

o If declared outside of any function, it becomes a global variable, which can be accessed by any function,

Example of Using Declarations

Let's seethis incorporated into a complete example:

ng an integer

Breaking Down the Example:

1. Weinclude stdio.h) for the printf functionality.

2.Inthe main() function, we declare and initialize two integers: num1 and num2.
3. We calculate their sum and store it in another int variable called sum.

4. Finally, we print the sum using print.

Your Turn!

Figure 21. Basic Level Interaction

These observations highlight CNavigator’s strengths in the Interaction and Difficulty
dimensions, where it achieved perfect scores of 1 and 0.86. Evaluators emphasized its
adaptability and real-time feedback as key advantages.

Discussion

CNavigator performs well in providing a user-friendly and adaptive learning experience.
Evaluators praised its teaching loop for effectively transforming traditional learning methods
with personalized instruction. Powered by RAG, its reliable content establishes it as a robust
educational tool.

However, CNavigator has limitations. The basic text input for answering programming
questions lacks interactivity, and the absence of multimedia formats, like voice or video,



reduces accessibility and engagement. Future updates will prioritize addressing these issues
to enhance functionality.

This project highlighted the value of precise project management, including clear goals,
defined roles, and regular progress reviews. We also realized GPT-40’s potential by focusing
on prompt optimization rather than coding changes. These insights will guide future projects,
including integrating real-time coding environments and multimedia features.

Individual Contributions
Zixiao Qiu:

e Designed prompts;

e Built user interaction module;

e Built Coordinator workflow code.
Xinyu Song:

e Processed datasets;

e Built chapter module;

e Implemented front end.
Ming Yu:

e Designed prompts;

e Built teaching module;

e Implemented RAG;

e Implemented initial tests and quiz modules.
Ruoxi Yu:

e Processed datasets;

e Designed logging system;

e Implemented front end.

All members contributed to the architecture design, evaluation, and report.
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Appendix A
Generated content Accuracy Inaccuracy
Syllabus 27 0
Lecture 135 0
In-lecture quiz 134 1
In-lecture quiz feedback 135 0
Chapter quiz 27 0
Chapter quiz feedback 27 0
Summary 3 0
Overall 488 1
Generated content Relevance Irrelevance
Syllabus 27 0
Lecture 134 1




In-lecture quiz 131 4
In-lecture quiz feedback 135 0
Chapter quiz 26 1
Chapter quiz feedback 27 0
Summary 3 0
Overall 483 6
Chapter CNavigator — Difficulty Baseline — Difficulty
C Introduction 0.83 0.67
Data Types 1 0.83
Character Strings 1 0.5
and Formatted Input and

Output

Operators 1 0.67
Looping 0.67 0.67
Branching and Jumps 0.67 0.5
Functions 0.67 0.5
Arrays and Pointers 0.83 0.33
C Structures 1 0.5
Non-chapter content 1 0.5
Overall 0.86 0.57
Chapter CNavigator — Tone/Attitude | Baseline —

Tone/Attitude




C Introduction 1 0.83
Data Types 1 0.83
Character Strings 1 0.67
and Formatted Input and

Output

Operators 1 0.67
Looping 1 0.67
Branching and Jumps 1 0.83
Functions 1 0.67
Arrays and Pointers 1 0.5
C Structures 1 0.67
Non-chapter content 1 0.83
Overall 1 0.71
Chapter CNavigator — Interaction Baseline — Interaction
C Introduction 0.83 0.5
Data Types 1 0.83
Character Strings 1 0.33
and Formatted Input and

Output

Operators 1 0.5
Looping 0.67 0.83
Branching and Jumps 0.67 0.5
Functions 0.67 0.5
Arrays and Pointers 0.83 0.5
C Structures 1 0.67




Non-chapter content

0.5

Overall

0.86

0.57




