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Abstract:

Chatbots can provide quick feedback and also answer follow-up questions for students.
This study aims to explore the use of chatbots for courses by taking advantage of the
pre-defined course assignments to give the chatbot a sample solution to reduce errors. The
study focuses on the ability of chatbots to provide high-level plans, pseudocode, and debug
students' code. The results showed that the chatbot excelled at providing high-level plans and
pseudocode that was often very similar to the sample solution. However, the chatbot also
encountered some limitations as it struggled to accurately find errors when debugging and
sometimes would incorrectly flag a portion of code that was correct. Overall, chatbots have
potential in computer science course education as an assistant, but still require more
improvement until it is reliable.

1. Introduction:

The recent developments of Large Language Models (LLMs) such as ChatGPT has
opened new possibilities for helping students in academic settings. In introductory Computer
Science (CS) courses, where students often have programming assignments, the availability of
LLMs creates the possibility of having a digital helper capable of offering immediate support
without the delays associated with traditional methods.

This paper explores the potential of LLMs in education, specifically for well-defined
material to reduce hallucinations, which is when LLMs provide false information. | used
OpenAl's Assistants API to create a chatbot that could respond to users. | used OpenAl’s
retrieval augmented generation (RAG) tool with the information on the course to allow the model
to be more accurate and specially geared for the AP Computer Science course. In addition to
adding the lessons and assignments from each course, sample solutions are also added for the
logic-based assignments for the chatbot to reference to reduce mistakes.

2. Related Works:

The integration of chatbot interfaces for LLMs represents a significant advancement in
providing immediate and interactive support to students on homework assignments, particularly
in the realm of computer science education.

Generative models, including ChatGPT, OpenAl Codex, DeepMind AlphaCode, Amazon
CodeWhisperer, and GitHub Copilot, have emerged as promising tools for enriching the learning
experience of students across several subjects in computing education. Educators have
increasingly leveraged these models to accelerate content generation and enhance the
acquisition of relevant skills in introductory CS courses. Previous research has examined the
utilization of LLMs in generating code explanations, providing immediate feedback, and
improving the clarity of error messages from the compiler [1-5].

However, while the availability of LLMs offers students immediate access to assistance
on programming assignments, their naive use may not align with pedagogical objectives.
Pedagogical objectives describe what a student should be able to do after completing an
educational activity such as homework. However, students may use LLMs to generate code and
therefore learn nothing. A recent workshop paper’, reports on the development and preliminary
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deployment of a GPT-4-based interactive homework assistant for students in a large
introductory computer science course. The paper introduces an assistant equipped with a "Get
Help" button within a popular code editor and a "get feedback" feature within a command-line
autograder. The assistant aims to provide guidance that supports pedagogical goals while
avoiding the direct provision of solutions to students. The study highlights the assistant's ability
to identify students' conceptual struggles and offer suggestions, plans, and template code in
pedagogically appropriate ways [5].

This paper aims to build upon previous research on using LLMs in computer science
courses by including lessons, homework assignments, and sample solutions to reduce LLM.
The goal of the research is to use well-defined course material to give the LLM a reference
which will aid in improving its accuracy. The LLM will also be able to look at sample solutions to
explain logic or high-level plans without giving the answer, thereby being a helpful resource for
students that is accessible at any time.

3. Methodology:

The methodology for developing and evaluating the Java homework assistant involved a
systematic approach centered on the collection, curation, and integration of educational
resources from Cupertino High School’'s AP Computer Science curriculum. The initial phase
focused on gathering comprehensive course materials, including lessons, assignments, and
sample solutions, which were stored in separate files (lessons.txt, assignments.txt,
sampleSolutions.txt). These resources formed the foundational knowledge base for training the
chatbot.

The development of the chatbot was facilitated using the Assistants API provided by
OpenAl. This API served as the framework for training the model using the collected course
material and sample solutions. The objective was to equip the chatbot with the capability to
comprehend and effectively respond to user queries related to Java programming concepts
covered in the curriculum.

To enhance the accuracy and relevance of the chatbot's responses, a retrieval tool
offered by the Assistants API was integrated into the system. This tool allowed the chatbot to
extract specific information from the course material based on user inquiries, thereby providing
tailored assistance aligned with the curriculum content. OpenAl’s code interpreter tool was also
used to assist the chatbot’s performance by allowing the chatbot to write and run Python code in
a sandboxed execution environment.

During interactions with students, the chatbot followed a structured approach. It began by
identifying the specific lab assignment the student was working on, referencing assignments.txt
for details. If necessary, the chatbot prompted the student to specify the lab. Using the lab
information, the chatbot identified the corresponding lesson(s) from lessons.txt to provide
contextual assistance. If students provided code, the chatbot analyzed it for errors or conceptual
misunderstandings, guiding them toward understanding the correct approach without directly
providing solutions. For problem-solving, the chatbot referred to sampleSolutions.txt and
explained concepts using the logic from sample solutions, ensuring transparency about its
source.

The effectiveness of the chatbot was evaluated based on two key criteria: accuracy and
alignment with pedagogical goals. Accuracy referred to the chatbot's ability to provide correct
and helpful responses, while alignment with pedagogical goals assessed the extent to which the
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chatbot's interactions supported student learning and problem-solving skills within the AP
computer science curriculum.

4. Results:

Based on their accuracy and student feedback, | assessed the usefulness of LLMs in
computer science education. The chatbot assistants were given a total of 8 lab assignments and
3 questions per lab. Each lab got a request for a high-level plan, pseudocode, and debugging.
The accuracy and quality of their answers were evaluated on a scale from 1 to 5 with 5 being
the most accurate or helpful answer possible and 1 being the least accurate or helpful answer.
The output file can be found here https://github.com/Sorcen7/Java-tutor-project.

For the high-level plan requests, the responses from the chatbot were consistently accurate,
mostly being fully accurate while occasionally outputting minor mistakes. The average score for
the chatbot’s high-level plans was 4.875. On average, the high-level plan also tended to be very
helpful as it provided a good starting structure for the student, the steps were logically
connected, and the explanation also discussed finer details in the implementation.

The responses to the pseudocode requests were also very accurate since many of the
responses directly reflected the sample solutions. The average accuracy score of the
pseudocode responses is 5. Most pseudocode responses were in the right format of plain text
mirroring the logical flow of a program and also included an explanation, either line-by-line or at
the end. However, some responses were not as helpful, as one was in the same format as a
high-level plan and the other was code instead of pseudocode. The average rating for how
helpful the pseudocode responses are is 4.125.

The responses to the debugging prompts were almost as accurate as the responses to the other
questions. A significant portion of the responses included points that were not a problem, so it
was not fully accurate, but captured the important errors as well for the most part. The average
accuracy score for debugging responses was 4.375. The debugging responses also properly
explained the issue rather than just returning a corrected version, which would help students
understand what was wrong and how to fix it. The average helpfulness score of the debugging
responses was 4.25

Below is an example of a LLM response and an associated evaluation:

User: Provide a high-level plan for solving the 'Lab 15.3 Wordle Solver' lab.

Assistant: To approach the 'Lab 15.3 Wordle Solver' lab, you should consider creating a plan
that incorporates both the specifics mentioned in the assignment details and some technical
strategies regarding Java development and word verification processes. Here’s a structured
high-level plan to help you get started on your Wordle Solver program:

### 1. Initializing the Program

- **Load Words:** Begin by reading a list of words from a file - this will work as your initial word
bank. You must ensure these words match the Wordle game’s constraints, particularly with
respect to word length and letter uniqueness based on your selected version (basic or gold).
Handle exceptions that might occur while reading the file.
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- **Environment Setup:** Initialize necessary data structures such as ArrayLists to manage your
list of possible words. Set up any basic structures for the game interface.

### 2. Game Logic Implementation

- **Word Guessing**: Implement functionality for the user to make guesses. This will involve
reading user input from the console.

- **Validation™: Ensure that guesses are valid both in length and in content (i.e., restricting input
to alphabetic characters and correct length). If a guess is invalid, prompt the user again until a
valid guess is made.

### 3. Feedback Processing
- **Feedback Interpretation**: After each guess, your program should accept feedback usually in
a form indicating right or wrong placements ('Green' for correct and 'Yellow' for present but
misplaced).
- **Update Possible Words**: Adjust the list of possible words based on feedback. This is crucial
and will involve:

- Removing words that contain letters marked as 'not present'.

- Ensuring words have letters in positions flagged as 'correct'

- Reflecting on feedback of 'present but misplaced' letters to refine possible choices.

### 4. Reducing Word List

- Continue refining the list of possible words by repeating the feedback loop after each guess.
Use a process of elimination based on the feedback provided for each guess to zero in on the
correct word.

### 5. Game End Check

- **Termination Conditions**: Decide termination logic such as the game ends when only one
word remains or after a certain number of guesses.

- **Qutput Final Word**: When the list is narrowed down to one, or another end condition is met,
print the final guessed word or indicate failure to deduce the word in the given attempts.

### 6. Additional Features (For expanded functionality)

- **Repeated Play:** Allow users to play multiple rounds without restarting the program.
- **Difficulty Levels:** Implement different difficulty settings which might include a greater
repertoire of words or altered feedback mechanisms.

Keep in mind that each step involves conditional checks and potentially interacting with
different components of your program architecture (like Ul and word processing logic). As a
stretch goal, consider implementing patterns for better code organization such as MVC
(Model-View-Controller) if you find your codebase getting complex. This could help manage
different aspects of the game distinctly (like handling user input separately from game logic).
Remember, the key to a successful implementation is iteratively testing and refining each part of
your program.

Evaluation:
The high-level plan provides an accurate overview of the steps needed for the Wordle



Q Research Archive of

Rising Scholars (preprint) Where bright minds share their learnings

Solver. The plan also does provide a bit on what logic would need to be implemented at each
step. The plan is helpful since the plan provides only the necessary logic for each step and not
any code or pseudocode, allowing the student to figure out how to implement it themselves. This
response got a 5 in both accuracy and helpfulness.

5. Discussion:

The results showed that LLM chatbots are mostly accurate for high level plans and
pseudocode, but are more error-prone when it comes to debugging. The sample solutions
helped the LLM create plans and pseudocode, however did not improve the LLM’s ability to read
new code and analyze it effectively. The plans and pseudocode often mirrored the sample
solution, indicating that the accuracy seen from the results is due to the removal of the need to
solve the problem itself and instead translate an existing solution. LLMs struggle with logic the
most and providing solutions to it seems to decrease the amount of hallucinations it has due to
logic. However, the sample solutions often didn’'t have an explanation so the chatbot tended to
struggle with interpreting when differences in code lead to a meaningful difference in the
program.

6. Conclusion:
This study explored the use of LLMs within computer science course education, providing the
model with sample solutions to see if sample solutions can assist in the accuracy of the model.
The results showed that its high-level plans and pseudocode were correct most of the time,
however, the chatbot struggled to analyze new code and compare it with the sample solution
correctly. It may be possible to add an explanation to the code so that the model can understand
what errors would occur if a certain part is missing or altered for debugging purposes.
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