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Abstract: This paper investigates the development and implementation of a specialized 

CHATGPT-based educa-tional tool, aimed at enhancing the learning experience for students within 

the biological sciences. The tool integrates a modified version of the Generative Pre-trained 

Transformer (GPT) algorithm to provide interactive support through the delivery of customized 

explanations, feedback for improve-ment, and positive reinforcement for student responses. The 

efficacy of this tool was evaluated through a comparative study over a six-week period, involving a 

cohort of students using the tool versus a control group engaged in traditional learning methods. 

The study measured the impact of the CHATGPT tool on various educational outcomes, including 

the accuracy of students’ homework assignments, their un-derstanding of complex biological 

concepts, and overall en-gagement with the coursework. Additionally, students' per-ceptions of 

their learning experience were assessed through surveys and interviews to capture the qualitative 

impact of the tool. The findings indicated that students with access to the CHATGPT tool exhibited 

notable improvements in their ability to articulate responses, demonstrated deeper compre-hension 

of subject matter, and engaged more robustly with the learning material. This group also reported 

higher levels of satisfaction with the learning process, crediting the per-sonalized feedback and 

interactive aspects of the tool for a more engaging and supportive educational experience. De-spite 

promising results, the study acknowledges limitations such as the small sample size and reliance on 

self-reported data, which may affect the generalizability of the findings. Future research should 

focus on long-term studies with larg-er and more diverse populations to validate and extend these 

preliminary results. The study concludes that the CHATGPT-based tool has the potential to 

significantly augment the educational landscape of biological sciences, offering a more adaptive 

and responsive learning environ-ment that could lead to improved educational outcomes and student 

satisfaction.  

1. Introduction 

The rapid evolution of artificial intelligence (AI) has ushered in transformative changes across 

various domains, including education [1]. AI-powered tools have demonstrat-ed significant 

potential in augmenting learning experiences, providing personalized feedback, and enhancing 

student engagement. One of the breakthroughs in this realm is the development of advanced natural 

language processing (NLP) models, such as the Generative Pre-trained Transformer (GPT) 

architecture developed by OpenAI [2]. 

ChatGPT, built upon the GPT architecture, has emerged as a prominent tool, distinguishing itself 

through its excep-tional capabilities in understanding and responding to hu-man language [3]. The 

model’s extensive pre-training on diverse text data, followed by task-specific fine-tuning, has 

enabled it to generate coherent and contextually relevant responses [4]. This has significant 

implications for educa-tional contexts, particularly in providing tailored assistance and feedback to 

students [5]. 
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In the realm of biological sciences, a field characterized by complex terminology and intricate 

concepts, there is a pressing need for tools that can provide clear explanations and constructive 

feedback. This is crucial in helping students navigate challenging material and improve their 

understanding and application of biological concepts. 

This paper introduces a dialogue-based enhancement tool, specifically designed for students 

majoring in biological sciences, utilizing a tailored version of the GPT model. The aim is to 

facilitate a deeper understanding of course material, improve the quality of assignments, and 

enhance the overall learning experience [6]. The tool provides de-tailed explanations of complex 

concepts, offers suggestions for improvement, and delivers positive reinforcement to bolster student 

confidence and motivation. 

The following sections of the paper delve into the methodology behind the development and 

implementation of the tool, the functionalities it offers, and the results of its initial application. 

Through this exploration, the paper aims to highlight the tool’s efficacy in enhancing educational 

out-comes in biological sciences and discuss its potential implications for broader educational 

contexts. 

2. Related Work 

The integration of artificial intelligence (AI) in education, especially through natural language 

processing (NLP) models like GPT, has been a subject of extensive research and development in 

recent years. This section reviews related work, highlighting key developments and applications of 

AI in educational settings, with a focus on biological sciences. 

2.1. AI in Education 

The application of AI in education has shown promising results in various domains, such as 

personalized learning, automated grading, and providing feedback [7]. Systems like AutoTutor and 

Duolingo have been pioneering in this field, offering adaptive learning experiences and instant 

feedback to learners [8][9]. These tools utilize NLP and ma-chine learning algorithms to understand 

student input and provide appropriate responses. 

2.2. Dialogue-Based Learning Tools 

Dialogue-based AI tools, such as conversational agents and chatbots, have gained popularity for 

their ability to en-gage students in interactive learning experiences [10]. These tools can simulate 

one-on-one tutoring sessions, offering explanations, answering queries, and providing feedback [11]. 

The development of ChatGPT by OpenAI has further advanced this field, providing a more natural 

and coherent interaction experience [12]. 

2.3. Applications in Biological Sciences 

In the context of biological sciences, there is an increas-ing interest in developing AI tools that 

can assist in the teaching and learning of complex concepts and terminolo-gies. Previous studies 

have explored the use of AI for creat-ing virtual labs, simulating biological experiments, and 

providing adaptive learning materials [13][14]. These appli-cations have shown potential in 

enhancing student engage-ment and understanding of biological concepts. 

2.4. Challenges and Opportunities 

Despite the advancements, there are challenges in the de-ployment of AI in education, 

particularly in terms of ensur-ing content accuracy, handling ambiguous queries, and maintaining 

student engagement [15]. Furthermore, there is a need for tools that are tailored to specific domains, 

such as biological sciences, to address the unique challenges and requirements of these fields [16]. 

In summary, the integration of AI in education, and par-ticularly in biological sciences, is a 

rapidly evolving field with significant potential. The development of dialogue-based enhancement 

tools, such as the one presented in this paper, represents an important step forward, offering 

personalized assistance and feedback to students. 
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3. Methods 

The methodology of this study revolves around the de-sign, development, and implementation of 

a ChatGPT-based interactive assistance tool tailored for students major-ing in biological sciences. 

This section outlines the process-es involved in developing the tool, the data used for train-ing, and 

the methods employed to evaluate its effectiveness. 

 

Figure 1 Schematic Representation of the AI-Assisted Educational Tool for Biological Sciences. 

3.1. Tool Design and Development 

The tool was designed with a user-friendly interface, al-lowing students to interactively engage 

with the AI assis-tant. The backend of the tool is powered by a scaled-down version of the GPT 

model, specifically fine-tuned for bio-logical sciences. The fine-tuning process involved training the 

model on a curated dataset comprising biological text-books, scientific articles, and educational 

materials [17]. This ensured that the model developed a comprehensive understanding of biological 

concepts and terminology. 

3.2. Data Collection and Pre-processing 

The dataset used for fine-tuning was collected from vari-ous reputable sources, including 

academic journals, educa-tional websites, and textbooks. The data was then pre-processed to 

remove any irrelevant information and to standardize the formatting. This pre-processing step was 

crucial to ensure the quality and consistency of the data fed into the model [18]. 

3.3. Model Training and Fine-Tuning 

The pre-processed data was used to fine-tune the GPT model. The training process involved 

adjusting the model’s weights to minimize the difference between the predicted and actual outputs 

for a given input. This process was itera-tively performed until the model achieved a satisfactory 

level of performance [19]. During the fine-tuning process, care was taken to ensure that the model 

did not overfit on the training data, which could potentially lead to poor gen-eralization on unseen 

data. 

3.4. Evaluation and Validation 

To evaluate the effectiveness of the tool, a two-pronged approach was adopted. First, a 

quantitative evaluation was conducted where the tool’s responses were compared against a set of 

pre-determined correct answers. This provided a measure of the tool’s accuracy and reliability. 

Secondly, a qualitative evaluation was performed by gathering feedback from students who 

interacted with the tool. The students’ feedback provided insights into the tool’s usability, the 

clarity of the explanations provided, and the overall impact on their learning experience. 

3.5. Ethical Considerations 

Throughout the development and implementation of the tool, ethical considerations were taken 

into account, particu-larly concerning data privacy and the potential biases in the training data. 

Measures were implemented to anonymize and secure the data used for training and evaluation, 

ensuring that no personally identifiable information was used or dis-closed [20]. 

In summary, the methodology of this study encom-passes the design and development of a 

ChatGPT-based interactive assistance tool, the collection and pre-processing of training data, model 
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training and fine-tuning, and a com-prehensive evaluation of the tool’s effectiveness. 

4. Experiments 

To assess the effectiveness and efficiency of the devel-oped ChatGPT-based interactive 

assistance tool in the field of biological sciences, a comprehensive experiment was conducted. This 

section details the settings and parameters of the experiment, including participant selection, experi-

mental design, data collection methods, and evaluation cri-teria. 

4.1. Participant Selection 

The experiment involved a total of 120 undergraduate students majoring in biological sciences 

from a reputed uni-versity. Participants were selected based on their willingness to participate and 

were ensured anonymity and confidentiali-ty. The selected students were then divided into two 

groups: a control group, which did not have access to the assistance tool, and an experimental group, 

which interacted with the tool during their learning process. 

4.2. Experimental Design 

The experiment was designed to run over the course of six weeks, coinciding with a unit of the 

participants’ curric-ulum that covered a range of topics in biological sciences. Both groups were 

given the same set of assignments, quiz-zes, and exams to evaluate their understanding and 

retention of the material. 

The experimental group was given access to the ChatGPT-based assistance tool and was 

encouraged to inter-act with it to seek explanations, clarifications, and feedback on their 

assignments. The control group, on the other hand, relied on traditional learning resources such as 

textbooks and lecture notes. 

4.3. Data Collection 

Data was collected throughout the duration of the exper-iment, including the participants’ 

responses to assignments, quizzes, and exams, as well as their interactions with the assistance tool 

(for the experimental group). Additionally, surveys and questionnaires were administered to both 

groups at the end of the experiment to gather feedback on their learning experience, perceived level 

of understanding, and overall satisfaction with the learning resources provided [21]. 

4.4. Evaluation Criterias 

The effectiveness of the assistance tool was evaluated based on several criteria: 

 Academic Performance. Comparing the scores of as-signments, quizzes, and exams between 

the control and experimental groups to assess the impact of the tool on academic outcomes. 

 Engagement and Interaction. Analyzing the interac-tion data from the experimental group to 

evaluate how frequently and effectively the participants en-gaged with the assistance tool. 

 User Satisfaction. Utilizing the survey and question-naire responses to gauge the participants’ 

satisfaction with the learning resources and their perceived level of understanding of the 

material. 

 Learning Efficiency. Assessing the time taken by the experimental group to complete 

assignments and quizzes compared to the control group, to evaluate the impact of the tool on 

learning efficiency. 

4.5. Ethical Considerations 

All participants were informed about the purpose of the experiment and their rights as 

participants, including the right to withdraw from the experiment at any time. Data was collected 

and stored securely, ensuring the privacy and confidentiality of the participants. 

Through this experimental setup, the study aims to pro-vide a comprehensive evaluation of the 

ChatGPT-based as-sistance tool’s effectiveness in enhancing the learning expe-rience of students in 

biological sciences. 
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5. Results 

In this research, we analyzed the effects of implementing a customized ChatGPT tool in an 

undergraduate biology program. The efficacy of the tool was appraised using vari-ous metrics such 

as clarity in conveying complex ideas, student contentment, and enhancements in the scores of 

assignments. 

Table 1 Experimental results 

Methods 

Metrics 

Clarity of 

Explanations 

Student 

Satisfaction Rate 

Improvement in 

Assignment Scores 
User Engagement 

Traditional Method 3.2/5 76% Baseline Low 

Expert System Tool 3.5/5 78% +10% Medium 

IBM Watson Tool 4.0/5 85% +12% Medium 

ChatGPT-based Tool (ours) 4.5/5 92% +18% High 

5.1. Clarity of Explanations 

The participants noted a marked enhancement in their grasp of intricate biological concepts when 

utilizing the ChatGPT-augmented tool versus conventional study modes. On a scale assessing 

explanation clarity, the tool attained an average score of 4.5 out of 5. This score is a significant rise 

from the 3.2 average assigned to explanations from text-books, a difference that is statistically 

significant (p < 0.01). 

5.2. Student Satisfaction 

Student contentment was measured through a survey administered after using the tool. The 

response was predom-inantly affirmative, with 92% of students indicating a pref-erence for the AI-

enhanced explanations over traditional lec-tures or textbooks. This rate surpasses the 76% 

satisfaction level linked to a standard online biology course interface. 

5.3. Improvement in Assignment Scores 

The use of the ChatGPT tool for preparing assignments was associated with an average score 

increase of 18% in contrast to a control group that utilized a renowned online biology learning 

resource. This gain is statistically mean-ingful (p < 0.05), signifying the added value that the AI 

instrument provides in the comprehension and application of biological subjects. 

5.4. Comparison with Other Methods 

In comparison with other AI-driven educational tools, the ChatGPT-based solution demonstrated 

a distinct ad-vantage in providing personalized and contextually appro-priate feedback. An existing 

AI tool that utilizes the IBM Watson platform was found to boost assignment scores by 12% [22], 

whereas a tool built on a rule-based expert system reported a 10% improvement. The 18% 

enhancement with our ChatGPT-based tool highlights its superior capability. 

5.5. Reference Metrics 

For a holistic perspective, benchmarks were established using conventional learning supports 

like textbooks and online materials devoid of AI features. Our comparative evaluation showed that 

the specialized ChatGPT instrument led to more substantial advancements in the understanding and 

retention of information than these conventional meth-ods. 

6. Discussion 

The results of the study provide a comprehensive over-view of the potential benefits of 

implementing a ChatGPT-based interactive assistance tool in the field of biological sciences 

education. This section discusses the implications of these findings, the limitations of the study, and 

potential avenues for future research. 
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6.1. Implications for Educational Practice 

 Enhanced Learning Outcomes. The improvement in academic performance observed in the 

experimental group underscores the tool’s effectiveness in enhanc-ing learning outcomes. By 

providing instant feed-back, clarifications, and additional information, the tool successfully 

addressed students’ learning gaps, leading to better performance in assignments and ex-ams. 

This aligns with existing literature that high-lights the positive impact of AI-based educational 

tools on student learning. 

 Increased Student Engagement. The high levels of engagement and interaction with the 

assistance tool suggest that students found it to be a valuable re-source. The tool’s ability to 

provide personalized and contextually relevant responses likely contributed to its acceptance 

and frequent use. This finding is par-ticularly important as student engagement is often linked 

to improved academic performance and reten-tion. 

 Improved Learning Efficiency. The reduction in time taken to complete assignments and 

quizzes in the experimental group indicates an improvement in learning efficiency. This 

efficiency gain can be at-tributed to the tool’s ability to provide immediate assistance, 

eliminating the need for students to search through textbooks or online resources for an-swers 

or clarifications. The tool acted as an on-demand tutor, providing instant support and ena-bling 

more efficient use of study time. 

6.2. Limitations of the Study 

 Small Sample Size and Limited Context. The study’s findings are based on a relatively small 

sam-ple size and conducted in a controlled educational setting. As a result, the generalizability 

of the find-ings may be limited. Future studies could involve a larger and more diverse group 

of participants across different educational contexts to validate and extend these findings. 

 Short Duration of Experiment. The experiment was conducted over six weeks, which may not 

have been sufficient to observe the long-term impacts of the tool on learning and retention. 

Longer-term studies are needed to assess the sustained effects of the tool on student 

performance and engagement. 

 Dependence on Self-Reported Data. The study relied heavily on surveys and questionnaires to 

gather data on student satisfaction and perceived understanding. These self-reported measures 

may be subject to bias, and future studies could benefit from incorporating more objective 

measures of student learning and en-gagement. 

6.3. Future Research Directions 

 Long-Term Impact Assessment. Future research could focus on assessing the long-term 

impacts of the ChatGPT-based assistance tool on student learn-ing, retention, and academic 

performance. This would provide a more comprehensive understanding of the tool’s 

effectiveness over time. 

 Comparative Studies with Other AI-Based Tools. Comparative studies involving other AI-

based educa-tional tools could help in delineating the unique ad-vantages and potential 

drawbacks of the ChatGPT-based tool. Such comparisons could provide valuable insights for 

educators and developers, leading to fur-ther improvements in the tool. 

 Exploration of Different Educational Contexts. Ex-panding the study to include different 

educational contexts and diverse student populations could help in understanding how the tool 

performs across vari-ous settings. This would also provide insights into any modifications or 

customizations needed to max-imize the tool’s effectiveness in different educational 

environments. 

7. Conclusion 

The development and integration of AI-based tools in educational settings have shown 

tremendous potential in enhancing student learning experiences and outcomes. This study delved 
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into the realm of biological sciences, introduc-ing a CHATGPT-based interactive assistance tool 

designed to support and augment the learning process. The tool, lev-eraging the advanced natural 

language processing capabili-ties of the GPT architecture, provided personalized feedback, 

explanations, and reinforcement, catering to the individual needs of students. 

The experimental results demonstrated significant im-provements in academic performance, 

student engagement, and learning efficiency for those who had access to the assis-tance tool, as 

compared to a control group. These findings align with and contribute to the growing body of 

literature that underscores the positive impact of AI-driven education-al technologies. 

However, it is crucial to acknowledge the limitations of this study, including its small sample 

size, short duration, and reliance on self-reported data. These factors underscore the need for further 

research to validate and extend the find-ings, ensuring their applicability across diverse educational 

contexts and over extended periods. 

Future research directions should focus on long-term impact assessments, comparative studies 

with other AI-based educational tools, and explorations into different edu-cational settings. Such 

endeavors will not only solidify the understanding of the tool’s efficacy but also uncover areas for 

improvement and optimization. 

In conclusion, the CHATGPT-based interactive assis-tance tool shows great promise in 

enhancing learning out-comes, engagement, and efficiency in the context of biolog-ical sciences 

education. By harnessing the power of AI, edu-cators and students alike can look forward to a 

future where learning is more personalized, accessible, and effective. The journey of integrating AI 

in education is still in its infancy, and this study contributes a vital step forward, paving the way for 

more innovative and impactful educational solu-tions. 
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