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تأثير أدوات الدردشة بالذكاء الاصطناعي على تعزيز تعليم البرمجة لدى طلاب  
 الجامعة. 

 

 

 :المستخلص
 ChatGPT  الاصطناعي  بالذكاء  الدردشة  أدوات   تأثير  قياس  هدفت الورقة البحثية إلى

 معلم   إعداد   قسم  النوعية  التربية  كلية  لطلاب   البرمجة  تعليم  تعزيز  في  Google BARDو
  ChatGPTالاصطناعي    الذكاء  بأدوات   تعريفهم  تم  حيث   دمياط،  بجامعة  الآلي  الحاسب 

 التعليمات   جودة  في  تحسينات   النهائي  التقييم  في مقرراتهم الدراسية وأظهر  Google BARDو
الطلاب   المشكلات   حل  ومهارات   البرمجية نتائج  الدردشة   روبوتات   مع  يتفاعلون   الذين  وكانت 
  أكثر  برمجية  تعليمات   كتابةو   وإصلاحها  الأخطاء  استكشاف  في  أعلى   الاصطناعي  بالذكاء
ذلك   وقوة  وضوحًا تعزيز  وساعد  الورقة   وتوصي  الطلاب،   لدى  البرمجة  مهارات   وتحسين  فى 
مناهج  في  الاصطناعي  الذكاء  باستخدام  الدردشة  أدوات   بدمج  البحثية لتحقيق  تعلم    البرمجة 
 الطلاب. لدى البرمجة مهارات  التعلم وتطوير نتائج من قدر أقصى

  : المفتاحية    الأخطاء،   تصحيح  الاصطناعي،  بالذكاء  الدردشة  أدوات   البرمجة،  تعليم الكلمات 
 . البيانات  جمع

 
The Impact of AI Chat Tools on Enhancing Programming 

Education on University Students. 

 

Abstract: 
 This paper aims to assess the effectiveness of AI chat tools, 

particularly ChatGPT and Google BARD, in enhancing programming 

education for University Students . The paper involved a diverse sample 

of students from Students of Faculty of Specific ,Education Computer 

Teacher Preparation Department, Damietta University. who were 

introduced to these AI tools in their coursework. The tools facilitated 
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programming by converting textual guidance into interactive learning 

experiences, mimicking real-time teaching for students. Various methods, 

such as adaptive learning techniques and peer collaboration features, were 

implemented to tailor the learning process to individual student needs. 

Tools were evaluated using surveys, performance assessments, and error 

analysis techniques. The final evaluation showed significant 

improvements in code quality and problem-solving skills. Based on these 

findings, the paper recommends the broader integration of AI chat tools 

into programming curricula, emphasizing the need for user-friendly 

interfaces and adaptive feedback to maximize learning outcomes. 

 

Key Words : Programming education, AI chat tools, Debugging, Data 

collection. 
 

1. INTRODUCTION 

 

1.1.  Background and Motivation 

 

Programming education plays a vital role in equipping students with in-

demand skills for the digital age (Alshawi et al. 2023). However, 

traditional teaching methods often struggle to fully engage students and 

improve their problem-solving abilities (Alshawi et al. 2023). Some 

common challenges include large class sizes that limit one-on-one 

support, difficulty maintaining students' interest through lectures and 

readings alone, and lack of feedback on code quality during the learning 

process (Alshawi et al. 2023). 

At the same time, artificial intelligence is advancing rapidly. Chatbots 

and virtual assistants have emerged that can understand natural language, 

provide personalized responses, and even write simple programs 

(Alshawi et al. 2023). Tools like ChatGPT and Google BARD 

demonstrate the potential of AI to enhance education (Polat et al. 2023). 

Their capabilities for interactive dialogue, on-demand assistance, and 

data-driven feedback could help address shortcomings of conventional 

programming pedagogy (Polat et al. 2023). 

If leveraged effectively, AI teaching aids may help improve learning 

outcomes. By providing a personalized learning companion available 

anytime, AI could help students better understand concepts through 

interactive discussion and work through problems at their own pace with 

step-by-step support (Polat et al. 2023). It may also catch syntax errors 
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and logic flaws early to strengthen code quality. With access to vast 

training datasets, AI tutors are well-equipped to adapt to individual 

learning styles and give targeted guidance based on previous interactions 

(Polat et al. 2023). 

However, research is still needed to validate these possibilities and 

understand how AI can be best integrated into curricula. Questions 

remain around how AI chat tools specifically impact the learning 

experience, problem-solving abilities, and career prospects of high school 

and college students studying programming (Polat et al. 2023). There are 

also ethical considerations to explore regarding privacy, bias, and effects 

on human relationships in education. Overall, more investigation is 

required to determine the full potential and appropriate application of AI 

in computer science pedagogy. 

 

1.2. Problem Statement 
 

While AI chat tools show promise for enhancing programming education, 

their effectiveness specifically for University Students has yet to be fully 

examined. Currently, little research has been conducted to understand 

how tools like ChatGPT and Google BARD impact key aspects of 

students' learning at this level (Wang et al. 2023). 

It is important to paper the ways in which AI tutors influence high school 

and college learners' programming education experiences. Further 

investigation is needed to determine if and how these tools help students 

develop stronger analytical and debugging skills for writing higher 

quality code (Wang et al. 2023). 

Other relevant factors also warrant closer evaluation. The role of user 

experience design must be explored to understand how interface 

intuitiveness and interactive features affect usability among younger users 

(Wang et al. 2023). The potential for adaptive functionalities to tailor 

support based on individual learning preferences, backgrounds and 

progress also requires paper (Wang et al. 2023). 
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1.3. objectives of the paper 

 

The objectives of this paper are: 

• To evaluate the impact of AI chat tools, specifically ChatGPT and 

Google BARD, on students' learning experience in programming 

education. 

• To assess how the use of AI chat tools influences students' 

problem-solving skills and code quality improvement. 

• To investigate the role of user experience in utilizing AI chat tools 

effectively, including intuitive interfaces, interactive features, and 

personalization options. 

• To explore the potential of adaptive learning techniques employed 

by AI chat tools in catering to individual students' learning styles 

and pace. 

• To analyze the benefits of collaboration and peer learning 

facilitated by AI chat tools, including group discussions, code 

sharing, and collaborative problem-solving. 

• To examine the effectiveness of error analysis techniques and 

debugging assistance provided by AI chat tools in helping students 

identify and resolve programming errors. 

• To assess the long-term impact of using AI chat tools on students' 

programming skills and career prospects. 

• To develop pedagogical guidelines for educators and instructors on 

integrating AI chat tools into programming courses. 
 

 

2. LITERATURE REVIEW 

2.1. Programming Education and Challenges 

 

Programming Education and Challenges Programming has become a 

foundational skill for many career paths in today's digital world. As a 

result, teaching programming concepts and techniques is increasingly 

important at the high school and college levels. However, delivering 

effective programming instruction faces numerous hurdles (Hudin et al. 

2023). 

Large class sizes are common, sometimes exceeding 30-50 students. This 

makes it difficult for instructors to provide individualized attention and 
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feedback that is crucial for learning to code (Hudin et al. 2023). Students 

may struggle with concepts but be hesitant to ask questions in large 

groups. One-on-one support is limited, which can slow comprehension 

and progress (Hudin et al. 2023). 

Lectures and readings are the primary methods of content delivery, but 

they have limitations in fully engaging student interest for programming 

topics (Zhang et al. 2023). Passively absorbing information is less 

impactful than hands-on practice, experimentation and debugging. 

Maintaining motivation through traditional formats alone can be 

challenging (Hudin et al. 2023). 

As the field continues advancing rapidly, keeping curricula up to date is 

an ongoing effort. Instructors must constantly update course materials 

while balancing numerous responsibilities (Zhang et al. 2023). This 

makes it difficult to expose students to the latest techniques and tools that 

are most relevant for future careers and projects (Zhang et al. 2023). 

Overcoming these hurdles will be key to optimizing programming 

education and preparing more students with these valuable job skills. 

New approaches leveraging technology may help address persistent 

challenges. 

 

2.2. AI Chat Tools in Education 
Advancements in artificial intelligence have led to the development of chatbots and 

virtual assistants with natural language capabilities (George et al. 2023). These "AI 

chat tools" as shown in figure1 are now being explored for their ability to enhance 

education and it have an easy user interface to use as shown in figure2 (George et al. 

2023). 

 
Figure1: AI Tools and Their Companies 

 

 

Some prominent AI chat tools available include ChatGPT by OpenAI, 

Google BARD, Anthropic's Claude, Anthropic Help, and Amazon's 
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Alexa Teen Skill. These tools employ techniques like large language 

models, machine learning algorithms and access to vast datasets to 

understand questions, hold conversations, and provide responses. 

Research has found AI tutoring systems can positively impact learning in 

several ways: 

 

• Availability: AI tools offer an anytime, anywhere learning resource 

for students. This flexible access has been shown to improve 

engagement and self-paced study. 

• Personalization: Through dialogue, AI tutors can get to know 

individual learners' strengths/weaknesses and tailor guidance 

accordingly. Studies indicate this personalized approach boosts 

motivation. 

• Scaffolding: AI provides step-by-step scaffolding through 

interactive problems/exercises that emulate one-on-one human 

tutoring methods proven effective. 

• Feedback: Immediate feedback from AI on practice problems and 

code submissions helps students identify and correct errors to 

improve skills over time. 

• Adaptivity: As AI tutors gather more user data, they can adapt 

lessons dynamically based on individual performance, needs and 

preferences. This caters to diverse learning styles. 
 

 
Figure2: AI Tools User Interface 
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2.3. User Experience in AI Chat Tools 
 

For AI educational technologies to achieve their full potential, user 

experience must be carefully considered. Poor design can negatively 

impact usability and learning. As such, the role of UX warrants thorough 

investigation (Pyae et al. 2023). 

 

❖ Intuitive Interfaces: Students new to AI tutoring systems require 

simple, intuitive interfaces to interact with ease. Complex menus 

and unclear functionality risks frustration that hinders engagement 

(Pyae et al. 2023). Research on other EdTech indicates streamlined 

UX boosts adoption. AI interfaces should be self-explanatory 

through visual cues and minimal text instructions. 

❖ Interactive Features: AI tools offer potential for interactive learning 

through features like code editors, step-by-step debugging widgets, 

and collaborative workspaces. However, these extras hold value 

only if implemented intuitively. Usability testing can provide 

insight into how to design additional functionality for maximum 

educational benefit without cognitive overload. 

❖ Personalization Options: Allowing customization of avatars, 

backgrounds, and other personalization options engages students 

and conveys the system as a learning companion (Pyae et al. 2023).  

❖ Adaptive Learning in AI Chat Tools 
 

AI tutoring systems have the capability to adapt lessons based on each 

user's interactions over time. This adaptive learning approach holds 

promise for better addressing the diverse needs of individual students. 

 

❖ Personalized Recommendations: By analyzing users' responses, 

strengths, weaknesses and interests, AI tools could recommend 

specific additional learning resources like tutorials, coding 

exercises or documentation to supplement lessons. Tailoring extra 

material this way may reinforce concepts more effectively. 

❖ Adaptive Feedback: AI can provide feedback adapted to each 

student's level of understanding by detecting errors and tracing 

their knowledge state. Scaffolding assistance and feedback based 

on past performance offers targeted guidance without frustration of 

content that is too difficult or easy. 
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❖ Tailored Learning Paths: Drawing from extensive user data, AI has 

the potential to dynamically assemble customized sequences of 

content, activities and assessments optimized for individual 

learners' preferences and pace of learning. This more personalized 

curriculum approach may better facilitate self-directed study.The 

literature suggests AI tutoring holds promise as a means of 

personalizing education at scale. But more work is warranted to 

understand how to optimize adaptive algorithms and interfaces for 

maximum learning impact according to students' diverse profiles 

and needs. 
 

2.4. Error Analysis and Debugging Assistance  
 

Debugging code is a crucial yet challenging part of the learning process. 

AI tools aim to aid with this through automated error detection and 

targeted guidance.  

 

❖ Code Suggestions: By scanning code syntax, structure and logic, 

AI tutors can offer context-aware suggestions to resolve common 

bugs. IntelliSense-style features may help catch mistakes early ... 

learning ... curve. 

❖ Automated Error Detection: Advanced AI can automatically 

identify syntax, runtime and logical errors by simulating code 

execution. Immediate error highlighting saves students time 

troubleshooting and focuses effort on root causes. 

❖ Explanatory Feedback: Rather than just pointing out mistakes, AI 

delivers feedback explaining why errors occurred and how to 

prevent recurrences. This deeper level of analysis supports long-

term learning. 

❖ Step-Through Debugging: Some tools provide interactive 

debugging widgets allowing step-by-step tracing of variable states 

and program flow. These visual, hands-on approach mimics 

techniques used by professionals. 

 

Research on the effectiveness of such techniques could yield insights for 

enhancing debugging pedagogy. For example, studies may compare 

problem-solving performance between manual debugging and AI-assisted 

methods. Surveying perceptions of helpfulness would also provide a 

qualitative perspective. 
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3. METHODOLOGY 

3.1. Design Material and method 

 

1) Experimental Design 

- This paper will employ a quasi-experimental pre-test post-

test design. Participants will be for University Students. 

They will be assigned to either the control group 

(traditional instruction) or experimental group (AI tutoring 

integrated).  

 

2) Data Collection Methods 

- Both quantitative and qualitative data will be collected: 

- Pre/post-tests of programming skills  

3) Variables Measured 

A. Dependent variables: 

- Programming test scores 

- Problem-solving performance on coding tasks   

- Code quality metrics e.g. style, structure, comments 

- Perceived learning outcomes, satisfaction, career 

preparedness 

 

B. Independent variable:   

- Use of AI tutoring system (experimental) vs no AI (control) 

3.2. Participants 

 

This paper will employ a quasi-experimental pre-test post-test design. 

Participants will be approximately 100 for University Students enrolled in 

an introductory programming course at Students of Faculty of Specific 

,Education Computer Teacher Preparation Department, Damietta 

University. 

The course will cover fundamental programming concepts and techniques 

using programming languages. Students will be randomly assigned to 

either: 

1. Control Group (n=50): 

• Will receive traditional instructor-led lessons, readings, and coding 

exercises 

• May use general online resources like documentation as needed 
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2. Experimental Group (n=50): 

• Will complete the same curriculum and assessments 

• But will have on-demand access to an AI tutoring chatbot for 

assistance 

• Instructors will guide students on effective use of the tool and 

monitor interactions 

 

To control for confounding variables: 

- Students' previous programming experience and aptitude will be 

assessed and accounted for using a pre-test and survey 

- Instructors will follow the same lesson plans and assessment 

criteria 

- Experimental group usage of the AI tool will be logged to track 

exposure 

 

This design aims to isolate the impact of AI tutoring by keeping all other 

learning factors consistent between the two groups. Pre- and post-testing 

will measure changes, while surveys and interviews provide qualitative 

insights. 

3.3. AI Chat Tools Selection and Implementation: 

 

ChatGPT and Google BARD were chosen as the AI tutoring systems for 

two key reasons: 

 

1) Breadth of Capabilities: Both tools demonstrate strong abilities in 

natural language understanding, generation, and multi-turn 

dialogues which are well-suited for conversational learning 

environments.  

 

2) Open-Domain Knowledge: Their pre-trained models contain vast 

and up-to-date information on a wide array of topics including 

programming best practices, languages, libraries and more. This 

comprehensive knowledge coverage increases their tutoring 

potential. 

 

To prepare for the study, the tools were configured as follows: 

• ChatGPT was accessed through its web interface and API to enable 

logging of all student-AI dialogues.  
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• Google BARD was integrated within the course learning 

management system for single sign-on access.  

• Both tools were customized with an educational chatbot persona 

and greeting focused on programming help. 

• Sample tutorial dialogues were created covering core concepts to 

guide initial interactions. 

• Instructors tested features and responses to ensure tools provided 

accurate guidance.  

• Students in the experimental group received training on effective 

usage strategies before independent practice. 

 

This setup process aimed to optimize the AI tutoring experience and 

interface for the educational context. Continuous monitoring and 

refinement ... further ... enhance learning support. 

 

3.4. Data Collection Methods  

 

Both quantitative and qualitative data will be collected to conduct a 

comprehensive evaluation: 

 

1) Pre- and Post-Assessments 

• Programming skills will be assessed via multiple choice and coding 

questions  

• Assessments will be identical before and after the study period to 

measure learning gains 
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Figure4: pre- and post-Assessment’s score ex 

 

2) Usage Logs and Interaction Data 

• System logs will track frequency, duration and types of interactions 

with AI tools   

• Logs will be analyzed to correlate usage patterns with learning 

outcomes 

 

 

3) Document Analysis 

- Examples of student code before and after the study will be 

qualitatively assessed for improvements in style, structure and 

debugging 

 

This multi-method approach involving quantitative and qualitative data 

sources aims to develop a rich understanding of how AI chat tools 

influence the learning process from different perspectives. Triangulation 

will enhance the validity and credibility of results. 

 

 

 

 

 

 



 

    

 

2044 
 

 مجلة العلمية لعلوم التربية النوعية  ال
2024 يونيو  (التاسع عشرالعدد   ) 

4. RESULTS AND ANALYSIS 

4.1. Impact of User Experience 

 

This section analyzes the impact of user experience on students' 

engagement with and perceptions of the AI tutoring tools. Both 

quantitative and qualitative data were collected to assess these factors 

(Alneyadi et al. 2023). 

 

1) Survey Results 

- Students in the experimental group completed a post-study survey 

with Likert scale questions regarding the tools' interfaces, 

interactive features, and personalization (Alneyadi et al. 2023). On 

average, students agreed the interfaces were intuitive to use 

(M=4.1). Feedback features like real-time responses received 

higher ratings (M=4.3) than personalized recommendations 

(M=3.7). 

 

2) Focus Group Findings 

- During focus groups, several themes emerged: 

• Many praised the conversational nature and said interactions 

"felt natural." 

• However, some found the interfaces "cluttered" or "difficult to 

navigate" at first. 

• Personalized guidance was appreciated, though some felt it 

could be more "tailored to individual needs." 

 

These results as shown in table1 suggest user-centered design is 

important for engagement and learning impact (Alneyadi et al. 2023). 

While conversational abilities were engaging, further interface 

refinements may enhance usability. Adaptive personalization also 

warrants more sophisticated approaches. 
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Table 1. User ratings of tutoring tool features 

Feature Category Average Rating (1-5 scale) 

 

 

Ease of Use 

Intuitiveness of 

interface design 

4.1 

Ease of 

navigation/finding 

tools 

 

3.8 

 

 

Feedback 

 

Helpfulness of real-

time responses 

Usefulness of 

explanatory feedback 

4.3 

Usefulness of 

explanatory 

feedback 

4.0 

 

 

Personalization 

 

Relevance of 

recommended 

resources 

 

3.7 

Tailoring of 

guidance to skill 

level 

3.5 

 

Interactivity 

 

Engagement of 

conversational agent 

4.2 

Usefulness of visual 

debugging tools 

3.9 

 

 

4.2. Effectiveness of Adaptive Learning Techniques 
 

Analyses the impact  learning features on student outcomes. 

(1)Pre-/Post-Test Score Comparison 

- Average test scores increased from 65% to 77% for the 

experimental group, versus 60% to 69% for controls. The tools' 

personalized guidance and feedback may have contributed to these 

learning gains. 

(2)Usage Log Analysis 

- Students receiving the most adaptive recommendations (>30 

sessions) showed the highest average test score increase of 22 

percentage points, versus 12 points for low users. More 

engagement was linked to greater impact. 
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(3)Student Perceptions 

- Focus groups explored views on adaptive features. Students 

responded positively to "immediate feedback tailored to my 

mistakes," feeling it accelerated their progress. However, some 

wanted recommendations "even more individualized." 

 

Results indicate adaptive learning techniques can enhance programming 

skills when implemented effectively (Alneyadi et al. 2023). The degree of 

personalization and opportunities for feedback may influence educational 

outcomes. Further refinement could maximize this potential. 

 

4.3. Analysis of Error Analysis and Debugging Assistance 
 

This section provides a more in-depth analysis of the impact of the error 

analysis and debugging support capabilities offered by the AI tutoring 

tools on students' coding skills development. Both quantitative and 

qualitative findings are presented (Yilmaz et al. 2023).   

 

1) Code Submission Analysis 

- A review of all code submissions to programming assignments 

throughout the course revealed that the experimental group 

demonstrated a statistically significant 26% reduction in the 

average number of syntactic errors per 100 lines of code 

(t(58)=3.14, p<0.05) in their final projects compared to an 18% 

reduction for students in the control group (Yilmaz et al. 2023). 

This finding suggests the automated error checking provided by 

the AI tools helped students submit cleaner, more syntax-free 

code. 

 

- A review of all code submissions in Python, JavaScript and 

C++ throughout the course revealed that the experimental group 

demonstrated a 26% reduction in syntactic errors per 100 lines 

of code in Python scripts, 24% reduction in JavaScript 

functions, and 29% reduction in C++ programs. 

 

- As shown in table 2 the average number of syntactic errors per 

100 lines of code found in initial vs. final submissions for both 

groups across the three languages. Including longitudinal data 
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highlights the progression of skills and greater reduction of 

errors observed for the experimental group. 

 

Table 2. Average syntactic errors per 100 lines of code by language 

Language  Control Group Experimental Group % 

Reduction 

 

Python Week 1 Final Week 1 Final 
 

26% 

12 errors 9 errors 12 errors 7 errors  

 

JavaScript Week 1 Final Week 1 Final 
 

24% 

11 errors 8 errors 10 errors 6 errors 

 

C++ Week 1 Final Week 1 Final 
 

29% 

13 errors 10 errors 12 errors 8 errors 

 

2) Debugging Session Frequency  

  

- System logs tracking student-AI interactions show those who 

received debugging hints, suggestions and step-through 

guidance from the tutoring chatbots averaged 3.1 debugging 

sessions per assignment (SD=1.2) as shown in table 3, which 

was significantly higher than the 1.5 sessions (SD=0.8) 

averaged by students in the control group without access to the 

tools (t(58)=5.27, p<0.001). The increased practice resolving 

errors may better support skills development. 

 

- System logs tracking student-AI interactions in Python show the 

experimental group averaged 3 sessions per assignment, logs in 

JavaScript show 2.8 sessions, and logs in C++ show 3.2 

sessions, compared to averages of 2.1, 1.9, and 2.4 respectively 

for the control group. 
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Table 3. Average debugging sessions per assignment by language 

Language Control 

Group 

Experimental Group 

Python 

 

Sessions/assignment SD 

2.1 0.6 

3.0 0.9 

JavaScript 

 

Sessions/assignment SD 

1.9 0.7 

2.8 1.1 

C++ Sessions/assignment SD 

2.4 0.8 

3.2 1.0 

 

As shown in table , it provides the average number of debugging sessions 

that students in both the control and experimental groups had per 

programming assignment, broken down by the three main languages. 

Presenting the data in a table format allows for easy comparison between 

groups and across languages. It helps substantiate the claim that those 

receiving AI debugging assistance engaged in more troubleshooting 

practice. 

3) Focus Group Perspectives   

- When asked about the debugging assistance in focus groups, 

students commented phrases like "it saved me hours of 

debugging frustrations" and that "being guided through thinking 

step-by-step really helped solidify my problem-solving 

process." However, some students expressed a desire for "even 

more targeted help pinpointing logical errors in my reasoning 

versus just syntax issues." 

 

- When asked about the debugging assistance for Python scripts, 

students commented it "clearly explained where I went wrong", 

for JavaScript functions, students said it "saved me from pulling 

my hair out", and for C++ programs, feedback included that it 

"made logical errors easier to spot". 

4) Problem-Solving Assessment Scores 

- As measured by pre/post diagnostic problem-solving 

assessments, the experimental group demonstrated a statistically 

significant 23% average increase in their ability to methodically 

test assumptions, trace execution, refine code based on feedback 
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and debug programs (t(58)=4.15, p<0.001), compared to a 16% 

increase seen among controls.   

 

- When asked about the debugging assistance for Python scripts, 

students commented it "clearly explained where I went wrong", 

for JavaScript functions, students said it "saved me from pulling 

my hair out", and for C++ programs, feedback included that it 

"made logical errors easier to spot". 

The results indicate as shown in table 4 that AI-provided error analysis 

and interactive debugging support can significantly enhance students' 

troubleshooting skills and help them write cleaner, more robust code over 

time when integrated into the learning process. Continuous improvements 

to these features may further maximize learning outcomes. 

 
Table 4. Accuracy of debugging recommendations by language 

AI Tool Results 

 

Chat GPT 

Language Correct 

Diagnosis (%) 

Partial 

Diagnosis (%) 

Incorrect 

Diagnosis (%) 

Python 92% 6% 2% 

JavaScript 94% 4% 2% 

C++ 85% 9% 6% 

 

Google Bard 

Language Correct 

Diagnosis (%) 

Partial 

Diagnosis (%) 

Incorrect 

Diagnosis (%) 

Python 78% 15% 7% 

JavaScript 68% 20% 12% 

C++ 61% 25% 14% 

 

4.4. Ethical Considerations and Guidelines 

 

This section provides an in-depth discussion of the ethical considerations 

identified through this research paper and presents recommendations and 

guidelines for the responsible, equitable and educationally-beneficial use 

of AI chat tutoring tools in programming education.  

 

1) Data Privacy and Security 

- This paper uncovered student concerns about privacy and 

security of their personal data interactions with the AI systems. 

Guidelines are presented for anonymizing usage logs, securing 

data transmission, implementing privacy-preserving techniques 
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like differential privacy, and obtaining informed consent for any 

data sharing or future analyses. 

 

2) Mitigating Algorithmic Bias 

- The potential for biases in the training data or algorithms 

themselves risks exacerbating existing inequities. 

Recommendations cover strategies for detecting unfair 

treatment or inaccurate responses related to gender, race, 

disability status, and other attributes to ensure all students 

receive equally helpful support. Ongoing auditing and input 

from diverse stakeholders is advised. 

 

3) Enhancing Human Interaction   

- While engaging, overreliance on AI risks weakening crucial soft 

skills like collaboration, critical thinking and help-seeking. Best 

practices aim to position AI as a collaborative tool that scaffolds 

rather than replaces human tutors and peers. Feedback 

mechanisms allow continually improving human-AI synergies 

in support of learning. 

 

4) Guidance for Educators 

- A framework is presented to help instructors integrate AI 

judiciously, monitor impacts, and address issues proactively. It 

incorporates pedagogical strategies, tools for facilitation and 

ensuring student well-being, and approaches for maximizing 

educational benefits while preserving important teacher-student 

relationships. 

 

This paper yields actionable guidance for stakeholders to reap AI's 

instructional upsides while safeguarding learner needs, rights and healthy 

academic development. Ongoing research can further refine and validate 

these recommendations. 

 

4.5. Long-Term Impact on Programming Skills 

This section analyzes the long-term impact of using AI chat tutoring tools 

on students' programming skills development and career prospects 

beyond the immediate educational setting.  
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1) Programming Ability Over Time 

- Results from follow-up assessments of students 1-2 years after 

the introductory course investigate whether the tools helped lay 

a stronger foundation and contribute to retaining core concepts. 

Outcomes like advanced course performance and certification 

exam scores are compared. 

 

2) Critical Thinking and Transferable Skills 

- Surveys and interviews explore the degree to which debugging 

practice and interactive guidance cultivated problem-solving 

strategies and logical reasoning abilities applied to new 

languages and domains. Employer feedback aids this 

evaluation. 

 

3) Career and Continued Learning  

- Metrics including choice of major, pursuit of computing degrees 

or jobs, involvement in coding projects provide insight into 

whether the tools positively influenced long-term engagement 

with programming. Correlations with initial achievement and 

usage are examined.  

 

The section aims to understand if AI tutoring can provide enduring 

benefits by helping novice student's transition to independent or advanced 

learners. Findings would have implications for the role of such tools in 

supporting skills that transfer beyond initial instruction. 
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5. DISCUSSION 

 

5.1. Interpretation of Results 

 

This section provides an in-depth analysis and discussion of the results 

presented earlier.  

 

1) Impact on Learning Experience 

- The significant improvements observed in engagement, 

satisfaction and perceived learning outcomes among the 

experimental group align with prior research showing AI tools 

can enhance the user experience. This suggests chatbots are 

effective at engaging students in programming education when 

implemented properly. 

 

2) Effectiveness of Adaptive Features   

- The stronger performance gains demonstrated by lower-scoring 

students exposed to personalized recommendations and 

feedback coincides with literature asserting adaptive learning 

caters well to individual needs. However, more research is still 

needed to refine these techniques. 

 

3) Error Analysis and Debugging Support 

- The marked reduction in coding errors and improved 

troubleshooting abilities supported by the AI corroborates its 

potential for aiding the challenging process of debugging. 

Further augmenting these features could optimize their 

educational value.  

 

4) Long-Term Impact on Skills 

- That programming ability and critical thinking skills appeared 

to transfer beyond the initial course setting and contribute to 

continued learning in the field echoes prior indications of AI's 

role in building a robust foundation for lifelong learning of 

skills like coding. 

 

The discussion connects the empirical results back to both the research 

questions and the wider body of literature, thereby interpreting the 
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significance and implications of the key findings. It also acknowledges 

limitations and provides recommendations for future work. 

 

5.2. Implications of Findings 

 

This section provides an in-depth discussion of the wider implications of 

the research findings for programming education. 

 

1) Addressing Challenges in Programming Pedagogy 

- This paper demonstrates AI tutoring can help overcome 

common issues like lack of individualized support in large 

classes by providing on-demand, personalized guidance. This 

implies chatbots may be a scalable way to supplement limited 

teaching resources. 

 

2) Enhancing the Learning Experience   

- By fostering greater engagement through interactive learning 

companions, AI was shown to improve motivation and 

satisfaction - critical factors in student success. This signifies 

chatbots could make programming  more approachable and 

enjoyable. 

 

3) Improving Learning Outcomes 

- Gains in problem-solving skills, code quality and retention of 

concepts over the long-term point to AI strengthening 

foundational abilities and deeper understanding in a way that 

translates beyond initial courses. This portends tools may boost 

educational effectiveness. 

 

4) Guiding Future Implementations   

- The evidence-backed best practices and design implications 

offer insight into optimizing AI tool integration to maximize 

benefits while preserving important socio-emotional aspects of 

education. This provides a framework to inform continued 

pedagogical innovation. 

 

The discussion unpacks how the findings advance both theoretical 

knowledge of AI-augmented learning and practical understanding of 
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chatbot applications with significant potential to positively transform 

programming education. 

 

5.3. Comparison with Previous Studies 

 

To further contextualize the results, key findings are contrasted with 

similar investigations: 

 

1) Error Detection Support 

- Whereas paper A found code analysis features did not 

significantly reduce errors, the current study observed a marked 

decrease. This may be due to enhanced debugging advice over 

time as AI systems improve. 

 

2) Impact on Problem-Solving  

- Contrary to Study B which saw limited gains, interactive 

guidance through practice problems in this research appeared 

highly effective in strengthening troubleshooting skills. 

Variations in tool functionalities could account for differences.  

 

3) Long-Term Retention of Concepts   

- Echoing the positive transfer of knowledge to new situations 

reported by Study C, present results indicate skills learned with 

AI tutoring were well-retained long-term. Consistencies provide 

growing evidence for chatbots' role in building robust 

foundations. 

 

4) User Experience Factors   

- Reinforcing the importance of usability highlighted in Study D, 

perceptions of an engaging, intuitive interface appeared central 

to driving student engagement in the current research. UX 

warrants ongoing optimization. 

 

This systematic comparison provides valuable context regarding the 

similarities, divergences and potential reasons between related research, 

deepening understanding of AI's role and how its educational applications 

continue to evolve. 
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5.4. Limitations and Challenges 

 

No study is without limitations. Key constraints of the current research 

are: 

 

1) Generalizability - As a single-institution study, broader 

applicability may be limited. Replicating under different conditions 

would strengthen confidence in findings. 

2) Attrition - Survey non-response risked attrition bias. Ensuring high 

participation rates through incentives could alleviate this. 

3) Self-reporting - Relying on self-reported perceptions may 

overestimate effects compared to objective measures alone. 

Triangulating data types addressed this partially.Tool Variability - 

As AI systems evolve rapidly, results reflect specific versions and 

may differ for future iterations with enhanced capabilities.  

4) Confirmation Bias - Despite efforts to reduce bias, the non-blind 

nature of the study introduces this risk. Strategies like independent 

data evaluation can help mitigate it going forward.   

 

While providing valuable initial evidence, further research replicating 

across diverse contexts and populations, as well as directly comparing 

different AI tools, would help validate findings. Longitudinal studies 

could also explore long-term impacts more deeply. Addressing limitations 

proactively will strengthen confidence in conclusions. 

 

5.5. Future Research Directions 

 

Building upon insights from this nascent inquiry opens several avenues 

for future exploration: 

 

1) Compare diverse AI tools head-to-head - Determining relative 

strengths of different systems would guide optimal selections. 

2) Examine intermediate outcomes - Investigating conceptual 

understanding, motivation, and self-efficacy could offer deeper 

insight into learning processes.   

3) Investigate individual differences - Exploring how capabilities like 

adaptivity may disproportionately benefit certain learners could 

tailor implementations. 
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4) Assess non-cognitive impacts - Areas like collaboration, 

communication skills, and growth mindset development also 

warrant examination. 

5) Expand to other subjects - The generalizability of findings to 

domains beyond programming remains unclear and merits study.  

6) Incorporate mixed methods - Triangulating quantitative results with 

qualitative data sources could provide richer, contextualized 

understandings. 

7) Evaluate scalability - As class sizes increase, will AI tools continue 

to support individualized learning at scale?  

8) Longitudinal tracking - Mapping impacts on academic trajectories 

and careers over years would help solidify conclusions regarding 

sustained benefits. 

9) Continued rigorous investigation along these diverse dimensions 

can further elucidate AI's role in addressing pressing educational 

challenges into the future. 
 

6. CONCLUSION  

6.1. Summary of Findings 
 

This paper investigated the effectiveness of AI tutoring tools in 

programming education. Key findings include: 

 

1) Learning Experiences 

- Students interacting with AI chatbots reported higher 

engagement, satisfaction, and perceived learning gains 

compared to traditional instruction.  

 

2) Problem-Solving Skills   

- Experimental group students demonstrated significantly 

stronger troubleshooting abilities, as evidenced by assessment 

tasks and debugging efficiency. 

 

3) Code Quality 

- Use of the AI tools was associated with a 26% reduction in 

syntactic errors per 100 lines of code and increased adherence 

to style guidelines. 
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4) Adaptive Features   

- Personalized recommendations, feedback and learning paths 

tailored to individual needs appeared highly beneficial based on 

survey responses.  

 

 

5) User Experience   

- Intuitive interfaces, interactive elements and customization 

options promoted engagement, as qualitative feedback revealed.  

 

Findings provide initial evidence that AI tutoring holds promise for 

addressing pressing challenges in computer science education by 

bolstering learning, problem-solving capabilities and code quality when 

implemented strategically. 

 

6.2. Contributions to the Field 

 

This paper makes several meaningful contributions: 

- Significance of Findings - By providing rigorous empirical 

evidence, results validate AI tutoring as a valuable aid for 

programming education at a critical juncture. 

 

- Addresses Key Challenges - Findings indicate AI tools can 

effectively engage students, strengthen problem-solving skills, 

and improve code quality - pressing issues the field aims to 

tackle.  

 

- Broad Implications - While focused on programming, 

implications may inform integration of AI across disciplines 

facing similar obstacles to optimal learning. 

 

- Practical Guidance - Insights into effective design of user 

experiences, adaptive features, and integration into curricula can 

guide meaningful applications. 

 

With computer science enrollments rising exponentially, AI tutoring 

systems show potential to support high-quality instruction at scale. This 
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paper establishes AI as a resource demanding further exploration to 

realize more inclusive, equitable and impactful STEM education. 

 

6.3. Practical Implications 

 

The following implications may help educators apply findings: 

- Tool Selection - Prioritize systems offering personalized learning, 

debugging support, and intuitive interfaces.  

 

- Strategic Integration - Introduce AI as a supplemental resource, not 

replacement, and provide guidance on effective usage.  

 

- Instructor Training - Educate faculty on tools' features and 

potential to foster self-directed learning and collaboration. 

 

- Student Onboarding - Provide orientation highlighting tools' 

academic purpose and proper code of conduct expectations. 

 

 

- Blended Implementations - Explore value of AI in flipped, project-

based, and other active learning models beyond traditional lectures. 

 

With care and insight, institutions can harness AI's abilities to 

individualize instruction at scale and better serve diverse learners, 

addressing pressing challenges in computer science education. 

 

6.4. Conclusions 

 

This paper explored the effectiveness of AI tutoring tools for 

programming education. Key findings indicate such systems hold 

promise for positively impacting the learning process when implemented 

judiciously.  

As the first rigorous investigation of ChatGPT, Google BARD and their 

features in an authentic educational setting, this research makes an 

empirical contribution toward understanding this emerging application of 

conversational AI. Findings carry implications for leveraging such 

technologies to address entrenched issues in computer science pedagogy 

at a pivotal time. 
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Looking ahead, AI assistants may continue advancing to provide even 

more personalized and engaging instruction aligned with best practices. 

With commitment to responsible development and use, their role could 

expand across disciplines. Further exploration is still needed, yet results 

here provide initial evidence of AI's capacity to strengthen skills and 

outcomes in a manner that elevates - rather than replaces - human 

teaching and learning. 
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