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Abstract: This study focuses on how distance education can be shaped by ChatGPT, one of the most 
striking examples of generative AI, which is making progress considering current technological 
developments. Based on the idea that it will be at the center of our lives very soon with the recent 
developments in artificial intelligence, the study set out to exhibit specific examples of how it can be 
used in distance education, whose importance is better understood with the pandemic process. The 
prompts and outputs related to each particular case were explained in detail, and the resulting products 
were evaluated regarding their educational benefits and limitations. The findings emphasize the need 
to harness technology, cultivate a sense of community, and encourage educators to pursue continual 
professional development to improve the quality and participation of distance scientific education. 
Additionally, the study underscores the significance of ongoing research, evaluation, policy 
development, and implementation to create a robust framework that supports the growth of distance 
science education responsibly and sustainably. The study's outputs were surprisingly creative, and it 
was concluded that ChatGPT could be very useful for both learners and educators in distance education, 
even though it is stated that ChatGPT has current limitations. This research contributes valuable insights 
into distance science education, providing practical guidance for educators, researchers, and 
policymakers alike. 
 
Keywords: generative artificial intelligence, distance education, artificial intelligence in education, 
chatgpt, online learning 
 

Highlights 

 
What is already known about this topic: 

• Distance science education faces unique challenges. 

• Technological advancements can support online learning experiences. 

What this paper contributes: 

• This study explores the integration of ChatGPT into distance science education. 

• It identifies potential roles, applications, benefits, and limitations of ChatGPT in science 

education. 

Implications for theory, practice, and policy: 

• Educators can enhance personalized and adaptive learning experiences using ChatGPT. 

• Encouraging educators to pursue continual professional development can improve the quality 

and participation of distance scientific education. 

• Equitable access to technology and resources, real-world applications, and problem-solving 

activities are crucial for overcoming barriers in distance learning. 
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Introduction 

Technology integration into education has been a transformative force in the 21st century, significantly 

shaping how we teach and learn (Zakrzewski & Newton,2022). The rapid advancement of technology, 

particularly in artificial intelligence (AI), has led to the development of innovative tools and methods that 

can revolutionize education as we know it. Despite the numerous advantages that technology brings to 

the educational landscape, there has been resistance from some educators who argue that technology 

is only sometimes the answer to every pedagogical challenge (Stockman & Nottingham, 2022). 

However, such resistance may be detrimental to the educational process, as technology can improve 

teaching and learning outcomes when applied correctly. 

 

The COVID-19 pandemic highlighted the importance of technology in education as institutions 

worldwide transitioned to distance learning to ensure continuity in the face of unprecedented challenges. 

The effectiveness of distance education relies heavily on the proper use of technology and its integration 

into the learning process (MacKenzie et al., 2022). Various strategies can be employed to enhance the 

efficacy of distance education, and one promising approach is incorporating artificial intelligence (AI) 

into the learning process (Celik, 2023). 

 

In recent years, AI has shown great potential in transforming various aspects of education, from 

personalized learning experiences to intelligent tutoring systems. By 2023, there was a spike in interest 

in "generative AI," a subtype of artificial intelligence capable of producing new material rather than 

merely obeying pre-programmed rules. (Bozkurt et al., 2023; Crawford et al., 2023; Tlili et al., 2023). 

Most crucially, generative AI can leverage the most advanced human-created technology, notably 

languages (Bozkurt, 2023). 

 

Among the emerging AI trends, ChatGPT, a conversational AI developed by OpenAI, has gained 

significant attention for its potential educational applications (Williams, 2023; Tate et al., 2023). 

ChatGPT, or Chat Generative Pre-Trained Transformer, is an AI tool designed to understand natural 

language and generate intelligent and relevant responses to user queries (OpenAI, 2022). By leveraging 

its advanced natural language processing capabilities, ChatGPT can provide a human-like interactive 

experience that can be effectively integrated into educational settings. 

 

One of the critical strengths of ChatGPT is its ability to adapt to various educational contexts, making it 

a versatile tool for educators and learners alike. ChatGPT can revolutionize several aspects of distance 

education if utilized appropriately. For instance, it can be used for information retrieval, answering 

specific queries, engaging in open conversations and discussions, tutoring assistance, generating 

software codes, and translating the text into other languages (OpenAI, 2023). By incorporating ChatGPT 

into distance education, educators can improve the overall learning experience for students and provide 

them with personalized and immediate support, as generative AI has been suggested to enhance 

engagement and create more tailored learning experiences (Bozkurt & Sharma, 2023). 

 

Additionally, ChatGPT can contribute to a more inclusive and accessible learning environment. This AI-

powered tool can assist in bridging the distance between students from diverse backgrounds and skill 

levels by aiding in multiple languages and catering to various learning requirements. In addition, its 

ability to engage in dynamic, context-aware conversations can facilitate a more engaging and interactive 

learning environment, thereby enhancing students' critical thinking and problem-solving skills. Even 

though numerous study preprints, blog articles, and media websites have commented on the benefits 

of ChatGPT in education (Zhai, 2022), only a few have provided implementation instructions. 

Considering the growing corpus of research on the potential benefits of AI in education (Lieberman, 

2023; Mollick & Mollick, 2022; Ofgang, 2022), it is necessary to investigate the practical applications of 

tools such as ChatGPT in actual educational settings.  
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This study intends to investigate the potential of ChatGPT in distance education, with a particular 

emphasis on its applications in science education. Examining instances in which ChatGPT was used 

for instructional purposes, such as explaining scientific concepts, providing feedback on assignments, 

and facilitating collaborative learning activities. Moreover, the researcher will investigate ChatGPT's role 

in fostering student engagement, motivation, and self-regulation by analyzing its impact on learning 

behaviors and promoting a sense of community among distance learners. To ensure a comprehensive 

understanding, this research will also address challenges and ethical concerns associated with its use 

in distance education. It will discuss issues related to data privacy, algorithmic bias, and the potential 

for misuse while exploring strategies for mitigating these risks and maximizing ChatGPT's benefits. 

 

By conducting an in-depth investigation of ChatGPT's applications in science education and critically 

analyzing potential challenges, this study seeks to provide valuable insights for educators, 

administrators, and policymakers interested in harnessing AI's power to enhance distance learning. The 

Researcher aims to establish a foundation for best practices in integrating ChatGPT into the distance 

education landscape while providing a comprehensive understanding of this emerging technology and 

its potential impact on the future of education. As we navigate the ever-evolving landscape of distance 

learning, it is crucial to remain open to innovative AI tools like ChatGPT and work towards harnessing 

their potential for the benefit of all learners. 

From Theory to Practice: Investigating ChatGPT's Role in Distance Science Education 

Artificial intelligence (AI) has significantly impacted various aspects of human life, including education 
(Lu, 2019). AI in education (AIEd) has evolved, with AI-based tools developed for classrooms and 
learning experiences (Holmes et al., 2019). Among these tools, ChatGPT, an advanced language model 
by OpenAI, demonstrates potential applications in numerous educational domains, including distance 
science education (Sallam, 2023). 

ChatGPT has been utilized in various disciplines, such as medical education, engineering education, 
science education, and bioinformatics education (Al-Worafi et al., 2023; Qadir, 2022; Cooper, 2023; 
Shue et al., 2023). These applications can aid students in comprehending complex ideas, enhance their 
learning experience, and contribute to effective pedagogy across disciplines (Cooper, 2023). ChatGPT 
has demonstrated the potential to provide personalized and adaptive learning experiences, customized 
feedback and explanations, and realistic virtual simulations for hands-on learning in science education 
(Pardos & Bhandaran, 2023). 

However, it is crucial to consider the ethical implications and limitations of ChatGPT and AI technologies 
in educational settings (García-Peñalvo, 2023; Chatterjee & Dethlefs, 2023; Khalil & Er, 2023). 
Limitations and hazards associated with using ChatGPT in education include the potential for 
perpetuating biases, producing, and spreading misinformation, positioning itself as the ultimate 
epistemic authority without sufficient evidence, and ethical concerns such as environmental impact, 
content moderation, and copyright infringement (Qadir, 2022; Rahman & Watanabe, 2023; Cooper, 
2023; Sallam, 2023). 

Educators must demonstrate the ethical use of ChatGPT in teaching and research to address these 
challenges (Raman et al., 2023; Wen & Wang, 2023). Halaweh (2023) argues in favor of incorporating 
ChatGPT into education and offers strategies and techniques for the successful and responsible 
implementation of ChatGPT in teaching or research. To ensure that students utilize ChatGPT effectively, 
educators should also nurture a culture of critical thinking and evidence-based reasoning, helping 
students determine the reliability and validity of information generated by AI tools like ChatGPT (Wen & 
Wang, 2023). 

In conclusion, ChatGPT has the potential to be a valuable tool in distance science education and various 

other fields when used responsibly and with proper guidance. By addressing the concerns and 

limitations associated with ChatGPT and AI technologies in education and integrating AI technologies 
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with appropriate pedagogical strategies, educators can harness the power of ChatGPT to enhance 

distance learning experiences, particularly in science education. This paper contributes by focusing on 

the different ways of using ChatGPT in distance education and filling a gap in the literature on this topic. 

Exploring ChatGPT in Distance Science Education: Methodology 

This study employed a qualitative, exploratory approach to examine the potential applications of 
ChatGPT in distance science education. The main objective was to explore the roles and uses of 
ChatGPT in creating personalized and adaptive learning experiences and identify the benefits and 
limitations of its implementation in this context. The research questions emerged from the evolving 
landscape of education, the increasing significance of personalized and adaptive learning, and the need 
to understand the benefits and limitations of using ChatGPT in distance education (Creswell & Poth, 
2018). 
 
Three research questions have emerged: 
 

• Research Question 1: What are the potential roles and applications of ChatGPT in distance 

science education? 

• Research Question 2: How can ChatGPT effectively create personalized and adaptive learning 

experiences for students in distance science education? 

• Research Question 3: What are the benefits and limitations of using ChatGPT in distance 

science education, and how can they be addressed? 

To address these research questions, the study began with an extensive literature review to assess the 
current state of ChatGPT applications and identify the gaps in the context of distance science education 
(Boote & Beile, 2005). Based on the findings, the researcher developed categories for possible 
integration, focusing on the roles and uses of ChatGPT and the needs and limitations of distance science 
education. The researcher designed specific cases and prompts for each category to elicit relevant 
information from ChatGPT. 
 
Data collection involved providing these prompts to ChatGPT and analyzing the generated responses. 
The researcher utilized an iterative refinement approach, continuously improving the cases and prompts 
based on the level and information content of the answers received, ensuring alignment with the study 
objectives (Creswell & Poth, 2018). This process allowed the researcher to tailor the prompts to obtain 
more accurate and informative results. 
 
For the benefits and limitations of using ChatGPT in distance science education, the researcher 
analyzed the content generated by ChatGPT in response to the prompts. This analysis helped identify 
potential advantages and challenges associated with using ChatGPT in distance science education, 
informing the development of strategies to address these issues (Elo & Kyngäs, 2008). 
 
Throughout the study, the researcher-maintained reflexivity by reflecting on their positionality and 
potential biases that could impact the research process and findings. This practice helped minimize the 
influence of preconceived notions or expectations on the study's outcomes. 
 
The analysis of the collected data involved thoroughly examining the ChatGPT-generated content to 
identify themes, patterns, and insights related to the research questions. This process allowed the 
researcher to synthesize the findings, develop a comprehensive understanding of ChatGPT's potential 
in distance science education, and offer informed implementation suggestions. 
 
To ensure the credibility and trustworthiness of the findings, the researcher employed transparent 
reporting by presenting the entire process from the beginning to the end and directly sharing the 
obtained results (Birt et al., 2016). This approach provided readers with a clear understanding of the 
research process and facilitated the assessment of the study's trustworthiness. 
 
In conclusion, this qualitative, exploratory study aimed to provide a comprehensive understanding of the 
potential applications of ChatGPT in distance science education. By addressing the three research 
questions through a combination of literature review, qualitative content analysis, iterative refinement, 
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and transparent reporting, the study offers valuable insights into the roles, uses, benefits, and limitations 
of ChatGPT in this context. 

Unveiling ChatGPT Integration: Bridging Gaps in Distance Science Education 

Before identifying methods to integrate ChatGPT into distance education for science education, a 

literature review was conducted to determine where distance education and technology integration 

needed to be improved. Moore et al. (2011) and Garrison (2016) revealed that distance education 

frequently faces difficulties providing personalized feedback, generating content for lessons and 

assessments, supporting teachers in curriculum development, and facilitating student-teacher 

communication. 

 

Studies investigating the most effective use of technology in teaching and learning were examined for 

comprehending how technology can be effectively integrated into education. Research has shown that 

technology integration can significantly enhance the educational experience by supporting individualized 

learning, engaging students with interactive content, assisting teachers in designing curricula, and 

fostering communication between students and teachers (Ertmer & Ottenbreit-Leftwich, 2013; Tondeur 

et al., 2017). 

 

Drawing on the findings from the literature on distance education challenges and technology integration, 

the researcher identified four categories in which ChatGPT could contribute to distance science 

education. The process of identifying these categories involved a systematic review of the literature on 

the challenges faced in distance education, specifically within the realm of science education, as well 

as an analysis of the current state of technology integration in education (Gikas & Grant, 2013; Wingo 

et al., 2017). 

 

First, the literature on distance education challenges was analyzed, focusing on the recurring themes 

and concerns that emerged across multiple studies. This analysis highlighted student engagement, 

quality of learning experiences, accessibility, and barriers to technology use (Abdellatif et al., 2023; 

Vargas Bernuy et al., 2023; Stefanidou & Mandrikas, 2023). Next, the literature on technology integration 

in education was examined, paying particular attention to the advancements in AI and how they have 

been applied in various educational contexts (Conole, 2013; Papamitsiou & Economides, 2014). 

 

Having identified the key challenges and the potential of AI in education, the capabilities of ChatGPT as 

an AI-powered tool were considered, examining how it could address these challenges. Through a 

thorough analysis of ChatGPT's features and capabilities, the researcher was able to identify four 

categories in which the integration of ChatGPT could potentially contribute to distance science 

education:  

 

1) Providing Personalized Feedback 

2) Generating Content for Lessons and Assessments 

3) Supporting Teachers in Curriculum Development 

4) Facilitating Student-Teacher Communication 

 

These categories were developed based on the understanding that integrating ChatGPT in these critical 

areas could address the gaps in distance science education and harness the power of AI to improve 

teaching and learning experiences (PM, 2023; Zawacki-Richter et al., 2019). The following sections 

present examples for each category, illustrating how ChatGPT could be effectively integrated into 

distance science education. 
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Empowering Distance Science Education: Four Key ChatGPT Applications 

In all the cases generated below, the text given is copied directly from ChatGPT. The version used is 

ChatGPT-4. It is important to note that the results below are snapshot responses, meaning that the 

same questions can be entered into ChatGPT and get a different output. The answers below were 

collected in March 2023. 

1) Providing Personalized Feedback 

To identify how ChatGPT can provide personalized feedback in distance science education, The AI's 

capabilities were explored to analyze student performance, recognize misconceptions or errors, and 

adjust its input based on individual needs and preferences. The author experimented with ChatGPT's 

ability to process and understand student responses and its capacity to generate targeted, helpful 

feedback that addresses specific areas of improvement. As a result, ChatGPT can: 

 

▪ Analyze students' responses to assignments or assessments and provide individualized 

feedback based on their understanding and performance. 

▪ Identify common misconceptions or errors, helping students address specific improvement 

areas. 

▪ Tailor its feedback to cater to individual needs and preferences by analyzing each student's 

learning pace and progress. 

After spending time with ChatGPT to explore its potential for distance science education, the following 

case was created. 

Chemistry Tutoring Platform 

A chemistry tutoring platform employs ChatGPT to provide personalized support to students working on 

chemistry problems or concepts. The AI analyzes each student's performance and learning history, 

tailoring its explanations and feedback to address individual needs. The platform can also use ChatGPT 

to generate new problems and exercises, ensuring a continuously adaptive and engaging learning 

experience. This example can be integrated into chemistry education in three ways. 

a) Identifying Learning Needs: Diagnostic Assessment and Personalization 

▪ ChatGPT can generate diagnostic tests to assess students' understanding of chemistry topics, 

identifying strengths and weaknesses.  

▪ Based on the assessment results, ChatGPT can create personalized learning plans tailored to 

each student's needs, targeting areas where they need improvement. 

ChatGPT outcomes are as follows in the topic of Chemical Bonding with different examples with different 

chemicals. 

 

Table 1. ChatGPT as Learning Needs Identifier and Tutor 

Prompt ChatGPT as Learning Needs Identifier and Tutor 

I'm a student who needs help with chemical bonding. Can 

you assess my prior knowledge and create a personalized 

tutoring session based on my strengths and weaknesses? 

Sure! Let's start by asking you a few diagnostic questions to 

assess your understanding of chemical bonding: 

i. What are the three main types of chemical bonds? 

ii. Describe the difference between ionic and covalent 

bonds. 

iii. What is a polar covalent bond? 

How does electronegativity influence the kind of bond formed 

between atoms? 
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i. The three main types of chemical bonds are ionic, 

covalent, and metallic. 

ii. Ionic bonds occur when electrons are transferred 

between atoms, while covalent bonds involve the 

sharing of electrons between atoms. 

iii. I'm not sure about polar covalent bonds. 

iv. Electronegativity is a measure of an atom's ability to 

attract electrons. When there's a big difference in 

electronegativity, ionic bonds form. When the 

difference is more minor, covalent bonds form. 

• Strengths: The student can identify the three main types 

of chemical bonds and can describe the difference 

between ionic and covalent bonds. They also have a 

basic understanding of electronegativity. 

• Weaknesses: The student is unsure about polar covalent 

bonds and how electronegativity explicitly influences the 

type of bond formed between atoms. 

 

Based on my answers, can you provide the necessary 

information and teach me about the topic? 

Of course! 

 

Explanation of Polar Covalent Bonds: Polar covalent bonds 

occur when atoms share electrons unequally due to 

differences in their electronegativities. In a polar covalent 

bond, the more electronegative atom attracts the shared 

electrons more strongly, resulting in a partial negative charge 

(δ-). The less electronegative atom has a partial positive 

charge (δ+). This unequal sharing of electrons leads to a polar 

molecule with a dipole moment, meaning it has a positive and 

negative end. 

 

Example: In a water molecule (H2O), oxygen is more 

electronegative than hydrogen. The shared electrons are 

attracted more strongly toward the oxygen atom, creating a 

partial negative charge on the oxygen and a partial positive 

charge on the hydrogen atoms. This results in a polar covalent 

bond. 

 

Relationship Between Electronegativity and Bond Types: 

Electronegativity is the tendency of an atom to attract 

electrons in a chemical bond. The difference in 

electronegativity between two bonded atoms determines the 

bond type. 

• Nonpolar Covalent Bonds: When the electronegativity 

difference between two atoms is minimal (usually less 

than 0.5), the electrons are shared equally, and a 

nonpolar covalent bond is formed. Example: H2, where 

both hydrogen atoms have equal electronegativity. 

• Polar Covalent Bonds: When the electronegativity 

difference between two atoms is moderate (between 0.5 

and 1.7), the electrons are shared unequally, and a polar 

covalent bond is formed. Example: H2O, as explained 

above. 

• Ionic Bonds: When the electronegativity difference 

between two atoms is significant (greater than 1.7), 

electrons are transferred between atoms, forming an ionic 

bond. Example: NaCl, where sodium loses an electron to 

chlorine, creating a positive sodium ion and a negative 

chloride ion. 

 

ChatGPT assesses a student's prior knowledge of chemical bonding by asking them to answer 

diagnostic questions. Based on the student's responses, ChatGPT identifies their strengths and 

weaknesses and personalizes the tutoring sessions to address the specific areas where they need more 

support. 

b) Concept Reinforcement and Skill Development: Content Generation and Support 

▪ ChatGPT can create learning materials such as explanations, practice problems, and interactive 

activities to reinforce concepts and develop problem-solving skills. 

▪ As students work through the materials, they can ask ChatGPT questions about specific 

concepts, problem-solving strategies, or other chemistry-related topics. 
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▪ ChatGPT can provide personalized feedback on students' work, offering guidance and 

suggestions for improvement. 

ChatGPT outcomes are as follows in the topic of VSEPR theory. 

 

Table 2. ChatGPT as Concept Explainer with Personalized Explanation, Interactive Visualization 

Prompt ChatGPT as Concept Explainer with Personalized Explanation and Interactive 

Visualization 

Explain the VSEPR 

theory and generate 

personalized 

explanations, interactive 

visualizations, and 

practice problems for me 

struggling with molecular 

geometry.  

 

VSEPR (Valence Shell Electron Pair Repulsion) theory is a model used to predict the geometry 

of molecules based on the repulsion between electron pairs in the valence shell of the central 

atom. According to VSEPR theory, electron pairs (bonding and non-bonding) repel each other 

and arrange themselves to minimize this repulsion, resulting in the observed molecular 

geometries. 

 

Personalized Explanation: Since you're struggling with molecular geometry, let's break down the 

VSEPR theory step by step: 

i. Identify the central atom in the molecule. 

ii. Count the total number of electron pairs (both bonding and non-bonding) around the central 

atom. 

iii. Determine the molecular geometry based on the number of electron pairs. 

Interactive Visualization: To help you visualize molecular geometries, here's an interactive tool: 

[Link to an interactive VSEPR visualization tool, such as PhET's Molecule Shapes simulation] 

Can you ask me a 

question about that 

topic? 

Determine the molecular geometry of CO2 using VSEPR theory. 

Linear Great job! The molecular geometry of CO2 is linear. 

Can you provide me with 

step-by-step guidance 

related to the problem? 

Of course. Here is the step-by-step guidance. 

i. Identify the central atom: Carbon (C) is the central atom. 

ii. Count electron pairs: Carbon has two double bonds with oxygen atoms, resulting in a total of 

two electron pairs. 

iii. Determine molecular geometry: Two electron pairs around the central atom result in a linear 

molecular geometry. 

Thank you. Can you 

form me another 

problem? 

Predict the molecular geometry of NH3 using VSEPR theory. 

Trigonal Planar No, but it is expected that you confuse about that. Do not worry! Here is the step-by-step guidance. 

i. Identify the central atom: Nitrogen (N) is the central atom. 

ii. Count electron pairs: Nitrogen has three single bonds with hydrogen atoms and one lone 

pair, resulting in a total of four electron pairs. 

iii. Determine molecular geometry: Four electron pairs around the central atom result in a 

tetrahedral electron pair geometry. 

iv. However, due to the presence of a lone pair, the molecular geometry will be trigonal 

pyramidal. 

 

ChatGPT generates personalized explanations, interactive visualizations, and practice problems related 

to VSEPR theory for a student struggling with understanding molecular geometry. It provides step-by-

step guidance and immediate feedback as the student works through the problems. 

c) Monitoring Progress and Adapting Instruction: Assessment and Continuous Improvement 

▪ ChatGPT can generate quizzes, tests, and assignments to measure students' progress and 

mastery of chemistry topics. 

▪ Based on students' performance, ChatGPT can adapt the learning plan by adjusting the difficulty 

level, introducing new topics, or revisiting concepts that require further reinforcement. 

▪ ChatGPT can provide insights and recommendations to help students develop effective study 

habits, time management skills, and metacognitive strategies. 

ChatGPT outcomes are as follows in the topic of stoichiometry. 
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Table 3. ChatGPT as Quiz Preparer 

Prompt (Me) ChatGPT as Quiz Preparer 

Can you prepare me a 

quiz related to 

stoichiometry topic? 

Since you're struggling with molecular geometry, let's break down the VSEPR theory step by 

step: 

i. Balance the following chemical equation:         N2 + H2 → NH3. 

ii. Calculate the mass of oxygen gas (O2) required to combust 10 grams of methane (CH4) 

completely.             CH4 + 2O2 → CO2 + 2H2O. 

iii. In the reaction between 5 grams of sodium chloride (NaCl) and an excess of silver nitrate 

(AgNO3), how many grams of silver chloride (AgCl) will be produced?                                         

NaCl + AgNO3 → AgCl + NaNO3. 

Correct answers were 

given to all questions. 

i. Correct! The balanced equation is N2 + 3H2 → 2NH3. 

ii. Correct! 32 grams of O2 are required to combust 10 grams of CH4 completely. 

iii. Correct! 5.81 grams of AgCl will be produced. 

Incorrect answers were 

given to all questions. 

i. Incorrect. The balanced equation should have the same number of atoms of each element 

on both sides. Try again, considering the number of nitrogen and hydrogen atoms. 

ii. Incorrect. First, to find the mass of oxygen gas required, you must determine the mole-to-

mole ratio between CH4 and O2 from the balanced equation. Then, convert the given mass 

of CH4 to moles, and finally, calculate the mass of O2 using the mole-to-mole ratio. Give it 

another try. 

iii. Incorrect. To solve this problem, first, convert the mass of NaCl to moles using its molar 

mass. Then, use the stoichiometric coefficients from the balanced equation to determine the 

moles of AgCl produced. Finally, convert the moles of AgCl back to grams using its molar 

mass. Try the calculation again. 

 

ChatGPT regularly evaluates the student's progress in mastering the concept of stoichiometry by 

providing tailored quizzes and exercises. Based on the student's performance, it adjusts the tutoring 

sessions' pace and content to ensure continuous improvement. For each incorrect response, ChatGPT 

aims to guide the student through the correct process of solving the problem, helping them to understand 

their mistakes and learn how to approach similar questions in the future. ChatGPT can provide step-by-

step explanations and offer additional practice problems to reinforce the concepts if needed. 

2) Generating Content for Lessons and Assessments 

In exploring ChatGPT's potential to generate content for lessons and assessments in distance science 

education, we focused on the AI's ability to create subject-related content such as lesson plans, 

exercises, quizzes, and exams aligned with curriculum standards and learning objectives. The author 

also evaluated ChatGPT's capacity to generate questions and problems of varying difficulty levels and 

adapt the content based on students' performance data. As a result, ChatGPT can: 

 

▪ Help create chemistry-related content, such as lesson plans, exercises, quizzes, and exams, 

aligned with curriculum standards and learning objectives. 

▪ Generate questions and problems of varying difficulty levels, ensuring students are 

appropriately challenged and engaged. 

▪ Adapt the content better to suit the needs and abilities of different learners by analyzing 

students' performance data. 

After analyzing ChatGPT's capabilities, two cases showed how ChatGPT could be integrated into 

distance science education. 

A) Virtual Chemistry Laboratory 

A virtual chemistry laboratory uses ChatGPT to guide students through experiments and lab procedures. 

Students can interact with the AI to ask questions about the experiment, seek clarification on specific 

steps, or request guidance when faced with difficulties. ChatGPT can provide real-time support and 

feedback, enhancing students' understanding and engagement in the lab activity. This example can be 

integrated into chemistry education in three ways. 
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a) Pre-Lab Preparation: Content Generation and Support 

▪ ChatGPT can create learning materials, including short explanations, videos, or infographics on 

the topic of the upcoming lab experiment. 

▪ Students can ask ChatGPT questions about the lab activity's background information, safety 

precautions, and learning objectives. 

▪ ChatGPT can generate sample pre-lab quizzes to assess students' understanding of the 

concepts and procedures before the lab session. 

ChatGPT outcomes are as follows in the topic of the titration experiment. 

 

Table 4. ChatGPT as Pre-Lab Helper 

Prompt ChatGPT as Pre-Lab Helper 

Generate a pre-lab 

tutorial explaining the 

procedure, necessary 

equipment, and safety 

precautions for a titration 

experiment. Provide a 

brief overview of the 

acid-base reaction and 

the calculations required 

to determine the 

unknown solution's 

concentration 

In this titration experiment, you will determine the concentration of an unknown solution using a 

known titrant concentration. The procedure involves an acid-base reaction between the two 

solutions, and the endpoint is detected using a pH indicator. 

 

Equipment required: 

 

1. Burette 

2. Erlenmeyer flask 

3. pH indicator (e.g., phenolphthalein) 

4. Known concentration of titrant (e.g., NaOH solution) 

5. The unknown concentration of analyte (e.g., HCl solution) 

6. Distilled water 

7. Stirring rod 

8. Safety goggles and lab coat 

Safety precautions: 

• Wear safety goggles and a lab coat to protect your eyes and skin from chemical splashes. 

• Handle the chemicals with care and avoid direct contact with your skin. 

• Dispose of waste chemicals according to your lab's guidelines. 

The acid-base reaction involved is:    

 

HCl (aq) + NaOH (aq) -> NaCl (aq) + H2O (l) 

 

Calculations: To determine the unknown solution's concentration, you'll need to calculate the 

moles of the titrant (NaOH) using the volume dispensed from the burette and its known 

concentration. Then, using the reaction's stoichiometry, calculate the analyte's moles (HCl). 

Finally, divide the moles of HCl by their volume in liters to obtain its concentration. 

 

Before conducting a titration experiment, ChatGPT generates a pre-lab tutorial explaining the procedure, 

necessary equipment, and safety precautions. It also briefly overviews the acid-base reaction and the 

calculations required to determine the unknown solution's concentration. 

b) During the Lab Experiment: Guidance and Real-time Assistance 

▪ As students progress through the virtual lab, they can consult ChatGPT for guidance on the 

experimental procedure, handling of virtual lab equipment, and troubleshooting. 

▪ ChatGPT can provide real-time feedback, answering students' questions about experimental 

results, calculations, or observations. 

▪ If students encounter difficulties or unexpected results, ChatGPT can offer suggestions and 

alternative approaches to help them overcome these challenges. 

ChatGPT outcomes are as follows in the role of real-time lab assistance with the calorimetry experiment 

example. 
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Table 5. ChatGPT as Real-Time Lab Assistance 

Prompt ChatGPT as Real-Time Lab Assistance 

Provide guidance on 

measuring the initial and 

final temperatures in a 

calorimetry experiment 

and calculating the heat 

capacity of the 

calorimeter. 

To measure the initial temperature in a calorimetry experiment, follow these steps: 

 

1. Ensure that the calorimeter is assembled correctly and insulated. 

2. Add the reactants to the calorimeter according to the experiment's instructions. 

3. Before starting the reaction, measure the initial temperature of the mixture using a 

thermometer or a temperature probe, and record the value as T_initial. 

To measure the initial temperature in a calorimetry experiment, follow these steps: 

 

1. Monitor the temperature throughout the reaction using the thermometer or temperature 

probe. 

2. Record the highest or lowest temperature reached, depending on whether the reaction is 

exothermic or endothermic. This value is the final temperature (T_final). 

 

To calculate the heat capacity of the calorimeter (C_calorimeter), use the equation: q_calorimeter 

= C_calorimeter × ΔT    where q_calorimeter is the heat absorbed or released by the calorimeter, 

and ΔT is the change in temperature (T_final - T_initial). You can calculate q_calorimeter using 

the heat absorbed or released by the reaction, which can be determined using the known heat 

capacity and mass of the reactants. 

 

While students perform a calorimetry experiment to determine the heat of the reaction, they can ask 

ChatGPT for guidance on measuring the initial and final temperatures or calculating the heat capacity 

of the calorimeter. ChatGPT can also provide real-time support for troubleshooting any issues during 

the experiment. 

c) Post-Lab Analysis and Reflection: Assessment and Feedback 

▪ After completing the lab experiment, students can submit their lab reports to ChatGPT for an 

initial review, receiving feedback on their methodology, data analysis, and conclusions. 

▪ ChatGPT can generate post-lab questions, encouraging students to reflect on their experiences 

and consider the broader implications of their findings. 

▪ Students can ask ChatGPT about any lingering questions or uncertainties related to the lab 

activity, deepening their understanding of the subject matter. 

ChatGPT outcomes are as follows in the topic of the synthesis of aspirin. Here the system is given a 

sample report of a student performing the aspiring synthesis experiment. In the calculations in the report, 

the student found a higher Actual Yield of Aspirin than the theoretical value; therefore, the percentage 

yield was 103%.  The dialog proceeded with the given lab report related to the aspiring synthesis 

experiment. 

 

Table 6. ChatGPT as Lab Report Analyzer 

Prompt ChatGPT as Lab Report Analyzer 

I am a student who 

makes the experiment of 

synthesis of aspiring and 

writing this lab report. 

Provide feedback on the 

results of a laboratory 

session on the synthesis 

of aspirin, analyze 

potential sources of 

error, and offer 

suggestions for 

improvement in 

experimental technique. 

Based on your submitted experimental data and observations, it seems that your aspirin synthesis 

was mostly successful. However, there are a few areas where you could improve your technique 

and potentially obtain better results: 

 

1. Ensure precise measurements: Double-check your measurements of reactants and ensure 

the balance is calibrated correctly. Inaccurate measurements can affect the reaction's 

stoichiometry and yield. 

2. Monitor the reaction temperature: The synthesis of aspirin is sensitive to temperature 

changes. Ensure to maintain the recommended temperature during the reaction to avoid side 

reactions or decomposition of the product. 

3. Optimize the purification process: After synthesizing aspirin, it is essential to purify the 

product by recrystallization. Ensure that the recrystallization solvent is appropriate and that 

you use the correct cooling technique to promote the formation of pure aspirin crystals. This 

will help remove any impurities or unreacted starting materials. 
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4. Check the drying process: Properly dry the aspirin crystals after recrystallization to remove 

any residual solvent. Insufficient drying may affect the final mass and yield calculations. 

5. Perform additional characterization: To confirm the purity and identity of your synthesized 

aspirin, consider performing additional characterization techniques such as melting point 

determination or infrared spectroscopy. 

By paying attention to these suggestions and refining your experimental technique, you may 

improve the outcome of your aspirin synthesis and obtain more accurate results. Reflecting on 

these aspects of your experiment will also deepen your understanding of the subject matter and 

help you become a more skilled chemist. 

 

After completing a laboratory session on the synthesis of aspirin, students submit their experimental 

data and observations to ChatGPT. It provides feedback on their results, analyzes potential sources of 

error, and offers suggestions for improvement in their experimental technique. 

B) Flipped Classroom Model 

As Tucker (2012) described, the flipped classroom model involves students accessing pre-recorded 

lectures and supplementary materials before attending class sessions, which are then dedicated to 

discussions and problem-solving activities. In the context of distance science education, a chemistry 

teacher uses ChatGPT to create pre-recorded lectures and supplementary materials for a flipped 

classroom model. Students access these resources before attending virtual class sessions, during 

which they engage in discussions and problem-solving activities. ChatGPT serves as a virtual teaching 

assistant, answering questions, providing feedback, and facilitating communication between students 

and the teacher, enabling a more effective and interactive learning environment. This example can be 

integrated into chemistry education in three ways. 

a) Pre-Class Preparation: Content Generation and Curation 

▪ ChatGPT can assist the teacher in creating pre-recorded video lectures, slides, or reading 

materials to cover essential chemistry concepts. 

▪ It can also generate quizzes, exercises, or interactive activities for students to complete before 

attending virtual class sessions. 

ChatGPT outcomes are as follows in the topic of chemical kinetics. 

 

Table 7. ChatGPT as Pre-Class Helper 

Prompt ChatGPT as Pre-Class Helper 

Generate a pre-recorded 

video lecture script that 

covers the basics of 

chemical kinetics, 

including rate laws, 

reaction order, and 

reaction mechanisms. 

Also, create an 

interactive simulation 

scenario for students to 

learn these concepts 

before attending the 

virtual class session. 

 

Title: Introduction to Chemical Kinetics 

 

Lecture Script: 

 

1. Introduction 

• Briefly introduce chemical kinetics and its importance in understanding chemical reactions 

• Explain the goals of studying chemical kinetics, such as predicting reaction rates and 

understanding reaction mechanisms. 

 

2. Rate Laws 

• Define the reaction rate and explain how it can be experimentally determined. 

• Introduce rate laws and their components, including rate constants and reactant 

concentrations. 

• Discuss the importance of reaction order and its relationship to the rate law. 

 

3. Reaction Order 

• Define reaction order and explain how it can be determined from experimental data. 

• Discuss the different types of reaction orders (zero, first, and second order) and their 

corresponding rate laws. 

• Provide examples of each type of reaction order and their graphical representations 
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4. Reaction Mechanism 

• Explain what reaction mechanisms are and their role in understanding chemical reactions. 

• Introduce elementary steps and molecularity. 

• Discuss the concept of rate-determining steps and their impact on the overall reaction rate. 

 

Interactive Simulation Scenario: Design a simulation where students can manipulate reactant 

concentrations, rate constants, and reaction orders to observe their effects on reaction rates. 

Provide multiple reaction scenarios representing different reaction orders and challenge students 

to identify the reaction order from the simulation data. 

 

Before a class on chemical kinetics, ChatGPT generates a set of pre-recorded video lectures, 
interactive simulations, and readings that cover topics such as rate laws, reaction order, and reaction 
mechanisms. Before attending the virtual class session, students access these resources to learn the 
concepts at their own pace. 

b) In-Class Engagement: Virtual Teaching Assistant 

▪ ChatGPT can facilitate communication between students and teachers during virtual class 

sessions by answering questions and clarifications and offering real-time support. 

▪ It can also help manage breakout sessions, monitor student progress, and generate discussion 

prompts to encourage active participation. 

ChatGPT outcomes are as follows in the topic of Le Chatelier's principle. 

 

Table 8. ChatGPT as Virtual Teaching Assistant 

Prompt ChatGPT as Virtual Teaching Assistant 

I am currently a student in an 

online class session on 

equilibrium. In class we are 

working on a problem-solving 

activity to predict the direction of 

a reaction using Le Chatelier's 

principle. Can you help me to 

understand the effect of 

increasing pressure on the 

equilibrium position? Please 

explain me the concept and 

provide guidance on how to 

approach the problem. 

 

When studying equilibrium and using Le Chatelier's principle, it is essential to understand 

how pressure changes can affect the equilibrium's position. When the pressure of a 

system at equilibrium is increased, the system will shift in the direction that reduces the 

pressure. This means that the reaction will favor the side with fewer gas molecules. 

 

To approach this problem, you should first identify the number of gas molecules on both 

sides of the balanced equation. Then, consider how an increase in pressure will affect the 

position of the equilibrium. If the side with fewer gas molecules is favored, the reaction will 

shift towards that side. 

 

Remember that Le Chatelier's principle helps predict how a system at equilibrium will 

respond to pressure, temperature, or concentration changes. By understanding the effects 

of these changes, you can better predict the direction of a reaction under various 

conditions. 

 

During an online class session on equilibrium, students work on a problem-solving activity to predict the 

direction of a reaction using Le Chatelier's principle. They can ask ChatGPT for help with the 

calculations, seek clarification on the concepts, or request hints on approaching the problem. 

c) Post-Class Consolidation: Reinforcement and Assessment 

▪ ChatGPT can provide personalized feedback on students' in-class performance, highlighting 

areas of improvement and reinforcing concepts. 

▪ It can generate follow-up assignments or projects to strengthen students' understanding of 

chemistry topics further. 

▪ ChatGPT can also create assessments to measure students' mastery of the material and inform 

the teacher about their progress. 

ChatGPT outcomes are as follows in the topic of Electrochemistry. 
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Table 9. ChatGPT as Practice Teacher 

Prompt ChatGPT as Practice Teacher 

Generate a set of 

practice problems and 

quizzes covering 

electrochemistry topics 

such as redox reactions, 

cell potentials, and 

electrolysis. I want to test 

myself. 

Here are the practice problems. 

Practice Problem 1: Redox Reactions Identify the oxidation and reduction half-reactions in the 

following redox reaction:  

2 Al + 3 Cu²⁺ → 2 Al³⁺ + 3 Cu 

 

Practice Problem 2: Cell Potentials Calculate the cell potential for the following galvanic cell: Zn | 

Zn²⁺(1M) || Cu²⁺(1M) | Cu Given standard reduction potentials:  

Zn²⁺ + 2e⁻ → Zn, Eº = -0.76 V  

Cu²⁺ + 2e⁻ → Cu, Eº = +0.34 V 

 

Practice Problem 3: Electrolysis Calculate the minimum voltage required to electrolyze molten 

NaCl into Na and Cl₂. Given standard reduction potentials:  

Na⁺ + e⁻ → Na, Eº = -2.71 V  

Cl₂ + 2e⁻ → 2Cl⁻, Eº = +1.36 V 

 

Quiz  

1. Which of the following statements is true about redox reactions? 

a) Oxidation involves a loss of electrons, while reduction involves a gain of electrons.  

b) Oxidation involves a gain of electrons, while reduction involves a loss of electrons.  

c) Both oxidation and reduction involve a gain of electrons.  

d) Both oxidation and reduction involve a loss of electrons. 

 

2. Which of the following factors can influence the cell potential of a galvanic cell? 

a) Concentration of ions in solution  

b) Temperature  

c) Type of electrode material  

d) All of the above 

 

3. What is the main purpose of electrolysis? 

a) To generate electrical energy from chemical reactions  

b) To store electrical energy in a battery  

c) To use electrical energy to drive a non-spontaneous chemical reaction  

d) To measure the concentration of ions in a solution 

The correct answer 

given to practice problem 

2. 

Great job! You've correctly calculated the cell potential for the given galvanic cell. By 

understanding how to determine cell potentials, you can predict the spontaneity and direction of 

electrochemical reactions. Keep practicing, and you'll continue to improve your understanding of 

electrochemistry concepts. 

 

After a class on electrochemistry, ChatGPT generates a set of practice problems and quizzes covering 

topics such as redox reactions, cell potentials, and electrolysis. Students complete these exercises to 

reinforce their understanding and receive immediate feedback on their performance. 

3) Supporting Teachers in Curriculum Development 

In the quest to identify how ChatGPT can support teachers in curriculum development, its capabilities 

for assisting teachers in designing chemistry curriculum materials, identifying gaps in the curriculum, 

and creating differentiated instruction materials were explored. Based on these findings, it is 

summarized that ChatGPT can do in this regard as follows: 

 

▪ ChatGPT can assist teachers in designing chemistry curriculum materials by suggesting 

relevant topics, resources, and learning activities. 

▪ The AI can help identify gaps in the curriculum and recommend adjustments based on current 

research and best practices in chemistry education. 

▪ ChatGPT can also aid in creating differentiated instruction materials to cater to diverse learning 

needs and styles. 
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After analyzing ChatGPT's capabilities, this case demonstrated how ChatGPT can support teachers in 

curriculum development. 

Professional Development for Chemistry Teachers 

A professional development program for chemistry teachers incorporates ChatGPT to support the 

learning process. AI helps teachers explore new pedagogical approaches, teaching strategies, and 

classroom management techniques. ChatGPT can also assist in creating lesson plans, assessments, 

and learning materials tailored to the teachers' specific contexts, fostering an adaptive and practical 

professional development experience. This example can be integrated into chemistry education in four 

ways. 

a) Exploration of Pedagogical Approaches: Pedagogy Consultant and Resource Provider 

▪ ChatGPT can introduce teachers to new pedagogical approaches, teaching strategies, and 

classroom management techniques. 

▪ It can provide relevant resources, such as articles, videos, and research papers, for teachers to 

explore and deepen their understanding. 

ChatGPT outcomes are as follows in the topic of chemical reactions. 

 

Table 10. ChatGPT as Pre-Class Helper 

Prompt ChatGPT as Pre-Class Helper 

I am a chemistry teacher 

looking to learn more 

about the 5E instructional 

model for teaching 

chemical reactions. Can 

you provide me with 

resources and examples 

of implementing this 

approach in my lessons? 

 

Of course! The 5E instructional model consists of five phases: Engage, Explore, Explain, 

Elaborate, and Evaluate. To help you implement this approach in teaching chemical reactions, I'll 

provide you with resources and examples for each phase: 

 

1. Engage: Begin by capturing students' interest and activating their prior knowledge. You might 

show a short video of a chemical reaction or conduct a demonstration that sparks curiosity. 

[Resource: Engaging Chemistry Demonstrations (link)] 

2. Explore: Allow students to investigate the concept through hands-on activities or simulations, 

encouraging them to ask questions and make observations. [Resource: Chemistry 

Simulations for Exploration (link)] 

3. Explain: Introduce the underlying principles of chemical reactions, addressing 

misconceptions and providing clear explanations. Use visuals, analogies, and examples to 

facilitate understanding. [Resource: Clear Explanations of Chemical Reactions (link)] 

4. Elaborate: Challenge students to apply their understanding of chemical reactions to new 

situations, problems, or experiments. [Resource: Activities for Elaboration on Chemical 

Reactions (link)] 

5. Evaluate: Assess students' understanding of chemical reactions through formative or 

summative assessments, such as quizzes, projects, or lab reports. [Resource: Assessment 

Tools for Chemical Reactions (link)] 

Feel free to explore these resources and let me know if you need any further assistance in 

implementing the 5E instructional model in your chemistry lessons. 

 

ChatGPT introduces a chemistry teacher to the 5E instructional model and provides resources on 

implementing this approach in teaching chemical reactions. It offers lesson plan templates, activities, 

and assessment tools aligned with the 5E model, helping the teacher to create an engaging and effective 

learning experience. 

b) Lesson Plan and Assessment Development: Lesson Plan and Assessment Advisor 

▪ ChatGPT can assist teachers in creating lesson plans, assessments, and learning materials 

tailored to their specific contexts. 

▪ It can offer suggestions and best practices for incorporating innovative teaching methods and 

technologies into the curriculum. 
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ChatGPT outcomes are as follows in the topic of periodic trends. 

 

Table 11. ChatGPT as Lesson Plan and Assessment Advisor 

Prompt ChatGPT as Lesson Plan and Assessment Advisor 

I am a chemistry teacher 

planning a lesson on 

periodic trends in the 

periodic table. Can you 

help me create a lesson 

plan and generate 

questions and exercises 

related to the atomic 

radius, ionization energy, 

and electronegativity 

trends? 

 

Certainly! Here's a basic structure for your lesson plan on periodic trends: 

 

1. Lesson Objectives: 

• Identify and describe the trends in atomic radius, ionization energy, and electronegativity 

across periods and groups in the periodic table. 

• Explain the factors contributing to these trends. 

• Apply knowledge of periodic trends to predict elements' properties and reactivity. 

 

2. Instructional Strategies: 

• Introduce periodic trends with a brief lecture or video. 

• Use interactive simulations to help students visualize trends across the periodic table (e.g., 

PhET Interactive Simulations). 

 

3. Activities: 

• Group activity: Have students investigate trends in a specific periodic table section and 

present their findings to the class. 

• Individual practice: Provide students with a worksheet containing exercises related to 

periodic trends. 

 

4. Assessments: 

• Formative: Monitor students' progress during activities and provide feedback. 

• Summative: Assign a quiz or homework to assess students' understanding of periodic trends. 

Sample Questions and Exercises: 

1. Please rank the following elements in order of increasing atomic radius: Cl, F, Br, I. 

2. Explain why ionization energy generally increases across a period in the periodic table. 

3. Predict which element has a higher electronegativity: N or P. 

Feel free to modify this lesson plan according to your needs and context. Let me know if you need 

additional assistance or resources. 

 

ChatGPT helps the teacher to create a lesson plan that includes objectives, instructional strategies, 

activities, and assessments. It also generates questions and exercises that assess students' 

understanding of atomic radius, ionization energy, and electronegativity trends. 

c) Classroom Management and Teaching Strategies: Classroom Management and Strategy 
Consultant 

▪ ChatGPT can guide effective classroom management techniques and offer advice on 

addressing common challenges chemistry teachers face. 

▪ It can also suggest teaching strategies that promote student engagement, motivation, and 

understanding of chemistry concepts. 

ChatGPT outcomes are as follows in the topic of chemical bonding. 

 

Table 12. ChatGPT as Consultant 

Prompt ChatGPT as Consultant 

As a chemistry teacher, 

I'm looking for strategies 

to manage a diverse 

classroom and make 

abstract concepts like 

chemical bonding more 

relatable and 

understandable. Can you 

provide some guidance? 

 

Absolutely! Here are some strategies to help you manage a diverse classroom and make abstract 

concepts like chemical bonding more relatable and understandable: 

1. Differentiating instruction: Tailor your teaching methods to accommodate students' diverse 

learning styles, abilities, and interests. For instance, you can provide visual aids, hands-on 

activities, and real-life examples to cater to different learning preferences. 

2. Setting clear expectations: Establish classroom rules and expectations at the beginning of 

the course and consistently reinforce them. This helps create a positive learning environment 

where students know what is expected of them. 

3. Establishing routines: Implement routines for starting class, transitioning between activities, 

and ending class. Consistent routines help students feel secure and stay on task. 
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4. Using analogies: Relate abstract concepts like chemical bonding to familiar experiences or 

objects. For example, you could compare chemical bonding to magnets attracting each other 

or students forming friendships based on shared interests. 

5. Real-life examples: Connect chemistry concepts to everyday life, such as explaining how 

chemical bonding is involved in the formation of water molecules or the rusting of iron. 

6. Interactive simulations: Use digital tools and simulations to help students visualize abstract 

concepts like chemical bonding. PhET Interactive Simulations, for example, offers a variety 

of chemistry simulations that can enhance students' understanding. 

 

Implementing these strategies can create a more inclusive and effective learning environment, 

helping your students grasp complex chemistry concepts more quickly. 

 

ChatGPT provides a chemistry teacher with strategies for managing a diverse classroom, such as 

differentiating instruction, setting clear expectations, and establishing routines. It also suggests teaching 

techniques, like analogies and real-life examples, to make abstract concepts like chemical bonding more 

relatable and understandable. 

d) Reflective Practice and Continuous Improvement: Reflective Practice Facilitator and 
Feedback Provider 

▪ ChatGPT can encourage teachers to engage in reflective practice by posing thought-provoking 

questions and offering insights based on their experiences. 

▪ It can provide constructive feedback on teachers' practices and suggest areas for improvement 

or further professional development. 

ChatGPT outcomes are as follows in the topic of gas laws. 

 

Table 13. ChatGPT as Facilitator 

Prompt ChatGPT as Facilitator 

As a chemistry teacher, I 

just finished teaching a 

unit on gas laws and 

faced some challenges 

during the lessons. I also 

noticed that my students' 

assessment 

performance wasn't as 

high as I expected. Can 

you help me reflect on 

my instructional 

practices and suggest 

improvement? 

Of course! Reflecting on your teaching practices is crucial for continuous improvement. Let's start 

by addressing the challenges you faced during the lessons and your students' performance: 

 

1. Identify specific challenges: What were the specific challenges you encountered during the 

lessons? Were there any concepts that students found particularly difficult to understand? 

Did you notice any patterns in the assessment results? 

2. Analyze instructional methods: Review your instructional methods, activities, and resources. 

Consider whether they were effective in helping students grasp the concepts or if any gaps 

needed to be addressed. 

3. Consider pacing and differentiation: Reflect on the pacing of the lessons and the level of 

differentiation provided. Were the lessons too fast or too slow? Did you accommodate diverse 

learning styles and abilities? 

 

To improve your instructional practices, you can: 

 

1. Incorporate more hands-on activities: Engage students in experiments, simulations, or 

problem-solving activities to help them better understand gas laws and their applications. 

2. Adjust the pacing: Consider slowing the lessons, allowing students more time to absorb the 

material and ask questions. Alternatively, if the pacing is too slow, try to maintain a more 

engaging tempo. 

3. Provide additional practice opportunities: Offer extra practice problems or quizzes for 

students to reinforce their understanding of the gas laws. 

4. Seek feedback from students: Ask students for their perspectives on the lessons and 

assessments. Their input can provide valuable insights into areas for improvement. 

By reflecting on your instructional practices and implementing these suggestions, you can 

enhance your teaching effectiveness and better support your students in mastering the gas laws. 

 
After teaching a unit on gas laws, a chemistry teacher discusses with ChatGPT the challenges faced 

during the lessons and the students' assessment performance. ChatGPT helps the teacher reflect on 
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their instructional practices and offers feedback and suggestions for improvement, such as incorporating 

more hands-on activities or adjusting the pacing of the lessons. 

4) Facilitating Student-Teacher Communication 

Investigating how ChatGPT can facilitate student-teacher communication, its potential as a 

communication tool, a resource for answering students' questions, and a teaching assistant during 

virtual classroom sessions was examined. As a result of these explorations, it is summarized that 

ChatGPT can do in this regard as follows: 

 

▪ ChatGPT can be a communication tool connecting teachers and students, enabling more 

efficient and timely interactions. 

▪ The AI can help answer students' questions, freeing teachers' time to focus on more complex 

or individualized concerns. 

▪ ChatGPT can also provide real-time support during virtual classroom sessions, acting as a 

teaching assistant that enhances the learning experience. 

The following case was created based on the facilitator role of ChatGPT. 

Collaborative Learning Platform 

An online learning platform utilizes ChatGPT to facilitate collaborative learning among students working 

on chemistry projects or group assignments. The AI helps moderate discussions, offers guidance on 

project tasks, and supports group problem-solving. ChatGPT can also be used to create customized 

study materials and resources for each group, catering to the specific needs and interests of the 

members. This example can be integrated into chemistry education in four ways. 

a) Group Formation and Resource Allocation: Group Coordinator and Content Generator 

▪ ChatGPT can assist in forming groups based on interests, skill levels, or learning goals. 

▪ It can generate customized study materials, resources, and guidelines for each group, catering 

to the specific needs and interests of the members. 

ChatGPT outcomes are as follows in the topic of chemical equilibrium. 

 

Table 14. ChatGPT as Pedagogy Consultant 

Prompt ChatGPT as Pedagogy Consultant 

I have a group of 

students who need to 

work on a project about 

chemical equilibrium. 

Can you help me 

organize them into 

groups based on their 

learning styles and prior 

knowledge and provide 

tailored resources for 

each group? 

Absolutely! Based on the students' learning styles and prior knowledge, I've organized them into 

the following groups: 

 

Group 1: Visual Learners with Basic Knowledge  

Group 2: Kinesthetic Learners with Intermediate Knowledge  

Group 3: Auditory Learners with Advanced Knowledge 

 

For each group, I've compiled a list of tailored resources to help them explore the concept of 

chemical equilibrium and its applications in real-world situations: 

 

Group 1 Resources: 

• Article: Introduction to Chemical Equilibrium 

• Video: Visualizing Equilibrium Constants and Reactions 

• Simulation: Interactive Simulation of Chemical Equilibrium 

Group 2 Resources: 

• Hands-on Activity: Demonstrating Equilibrium with a Simple Experiment 

• Video: Real-world Applications of Chemical Equilibrium 

• Interactive Simulation: Manipulating Equilibrium Constants 
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Group 3 Resources: 

• Advanced Article: Exploring the Quantitative Aspects of Chemical Equilibrium 

• Podcast: Diving Deeper into Chemical Equilibrium 

• Research Paper: Innovative Approaches to Teaching Chemical Equilibrium] 

These resources should help each group better understand the concept of chemical equilibrium 

and provide a solid foundation for their project work. 

 

For a project on chemical equilibrium, ChatGPT divides students into groups according to their preferred 

methods of education and their level of prior knowledge. It does so by supplying each group with 

individualized resources, such as articles, videos, and simulations, with the goal of assisting them in 

investigating the idea of equilibrium and the ways in which it can be applied to situations that occur in 

the real world. 

b) Project Development and Task Management: Project Mentor and Task Facilitator 

▪ ChatGPT can help students define project goals, outline tasks, and allocate responsibilities 

among group members. 

▪ It can offer guidance on project tasks, support group problem-solving, and answer questions 

related to the chemistry content. 

Regarding green chemistry, the following are the outcomes of ChatGPT. Green chemistry is an 

important subject to discuss as well because of its relevance to everyday life. 

 

Table 15. ChatGPT as Project Mentor 

Prompt ChatGPT as Project Mentor 

As a chemistry teacher, 

my students are working 

on a group project to 

design an 

environmentally friendly 

chemical process. Can 

you help guide them 

through the project 

stages, from research to 

proposal development? 

Of course! I recommend following these steps to guide your students through the project: 

1. Research: Have students research green chemistry principles and environmentally friendly 

chemical processes. They should gather information on sustainable materials, waste 

reduction, and energy efficiency. 

 

2. Brainstorm: Encourage students to brainstorm ideas for their environmentally friendly 

chemical process, considering factors such as cost, feasibility, and environmental impact. 

 

3. Proposal Development: Guide students in developing a clear and concise project proposal, 

outlining the problem they aim to solve, the proposed solution, and the environmental 

benefits of their process. 

 

4. Milestones: Set milestones for each stage of the project to help students stay on track and 

monitor their progress. 

 

5. Support: Offer guidance and assistance as needed, answering questions related to green 

chemistry principles, project development, and proposal writing. 

 

By following these steps, your students will be well-equipped to design and propose an 

environmentally friendly chemical process. 

 

Students are working in groups on a project to design a chemical process that is less harmful to the 

environment. They are led through the process of conducting research on the principles of green 

chemistry, generating ideas, and developing a proposal by ChatGPT. Setting milestones, keeping track 

of progress, and offering support as required all contribute to helping students stay on track with their 

studies. 

c) Communication and Collaboration: Discussion Moderator and Collaborative Support 

▪ ChatGPT can facilitate communication among group members, moderating discussions, 

encouraging participation, and ensuring a respectful and inclusive learning environment. 

▪ It can also help resolve conflicts or misunderstandings during group work. 
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The following are the results of the ChatGPT concerning the subject of solubility and precipitation 

reactions. 

 

Table 16. ChatGPT as Discussion Moderator 

Prompt ChatGPT as Discussion Moderator 

I am a chemistry teacher, 

and my students are 

working on a solubility 

and precipitation 

reactions project. Can 

you help facilitate their 

online discussions, 

ensuring all group 

members have an 

opportunity to contribute 

and providing clarification 

when needed? 

 

Certainly! As a discussion moderator and collaborative support, I can help in the following ways: 

 

1. Encourage participation: I can pose open-ended questions and invite input from all group 

members, ensuring everyone can share their ideas and insights. 

2. Provide clarification: When students have questions or need clarification on solubility and 

precipitation concepts, I can offer explanations and examples to enhance their 

understanding. 

3. Address misconceptions: If any misconceptions arise during the discussion, I can address 

them and provide accurate information to guide the conversation. 

4. Maintain a respectful environment: I can remind students of the importance of respectful 

communication and inclusivity, fostering a positive and productive group dynamic. 

 

By facilitating communication and collaboration, I can help your students have a successful and 

engaging online discussion about solubility and precipitation reactions. 

 

While students collaborate on a project about solubility and precipitation reactions, ChatGPT moderates 

their online discussions, providing clarifications, answering questions, and ensuring that all group 

members have an opportunity to contribute their ideas. 

d) Assessment and Feedback: Evaluator and Feedback Provider 

▪ ChatGPT can assess the quality of group projects or assignments, providing constructive 

feedback on individual and collective performance. 

▪ It can also generate follow-up tasks or learning activities to address areas for improvement and 

further strengthen students' understanding of chemistry concepts. 

ChatGPT outcomes are as follows in the topic of acids and bases. 

 

Table 17. ChatGPT as Evaluator and Feedback Provider 

Prompt ChatGPT as Evaluator and Feedback Provider 

In the next lesson, my 

students will make group 

presentations on the 

properties of acids and 

bases, and I will give 

feedback by listening to 

them in class. Can you 

give me a sample rubric 

on this subject and 

evaluate a sample 

presentation based on 

this rubric? 

Certainly! I have created a rubric, and based on this rubric, I have evaluated the example students' 

group presentation on the properties of acids and bases. Here is the constructive feedback for 

each area: 

 

• Research: The students demonstrated a solid understanding of the properties of acids and 

bases, but they could benefit from exploring more in-depth resources, such as primary 

research articles, to enhance their knowledge. 

• Analysis: The group's analysis was generally accurate and insightful. Encourage them to 

include real-life examples to make their analysis more relatable and engaging. 

• Presentation Skills: The students' presentation was well-organized and visually appealing. 

However, they could improve their pacing and ensure that each group member speaks 

clearly and confidently. 

• Teamwork: The group seemed to work well together, but there were a few instances where 

one or two members dominated the conversation. Please encourage them to practice active 

listening and ensure that all members have an opportunity to contribute. 

By addressing these areas for improvement, the students will be better prepared for future projects 

and presentations on chemistry topics. 

 

After students complete a group presentation on the properties of acids and bases, ChatGPT evaluates 

their work based on a rubric provided by the teacher. It gives constructive feedback on their research, 

analysis, presentation skills, and teamwork, helping the students to learn from the experience and 

improve their future projects. 
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Exploring the Benefits and Limitations of ChatGPT-Assisted Learning 

This analysis explores the potential benefits and limitations of using ChatGPT in distance education for 

various chemistry-related applications. By examining these specific cases, valuable insights were 

gained into the benefits and limitations of integrating AI-assisted learning in the educational landscape. 

1) Providing Personalized Feedback 

Educators strive to create more personalized and engaging student experiences in the digital learning 

age. AI tools can potentially revolutionize how we approach distance education with their ability to 

analyze student data and generate customized feedback (Casillo & Powell, 2023). By adding AI into 

their teaching practices, educators may develop learner autonomy, raise student motivation, and 

improve feedback efficiency (Roll & Wylie, 2016). However, it is critical to acknowledge AI's limitations, 

such as its limited empathy, difficulty spotting subtleties, and dependence on acceptable input data. This 

section will examine the advantages and disadvantages of utilizing ChatGPT to deliver tailored feedback 

in distance education, emphasizing examples. 

Benefits 

▪ Fostering learner autonomy: Personalized feedback from AI tools can empower students to take 

charge of their learning journey (Fidalgo-Blanco et al., 2015). In the Chemistry Tutoring Platform 

case, a student who struggles with balancing chemical equations can receive customized 

guidance from ChatGPT, enabling them to identify their mistakes and learn at their own pace. 

This individualized support fosters autonomy and encourages self-directed learning. 

▪ Enhanced student learning and motivation: Providing personalized feedback with Generative-

AI can better address individual learning needs, improving understanding and retention of 

concepts (Holstein et al., 2019). By tailoring feedback to each student's strengths and 

weaknesses, educators can help them overcome challenges and foster motivation. For 

instance, in the Chemistry Tutoring Platform case, ChatGPT can create personalized 

explanations, interactive visualizations, and practice problems related to VSEPR theory for 

students struggling with understanding molecular geometry, enhancing their learning 

experience. 

▪ Increased efficiency in providing feedback: ChatGPT can save educators time and effort by 

automatically generating individualized student feedback allowing educators to focus on higher-

level tasks and in-person interactions. For example, in the Chemistry Tutoring Platform case, 

ChatGPT can provide immediate feedback as the student works through problems, saving time 

for the educator and providing timely support for the student. 

Limitations 

▪ Limited capacity for empathy: While Generative AI (ChatGPT in this article)can provide 

personalized feedback based on a student's performance, it may not fully understand or 

consider their emotional state or personal circumstances (Holstein et al., 2019). In the Chemistry 

Tutoring Platform case, a student may struggle with a topic due to external factors, such as 

personal or family issues, which the AI might not consider when providing feedback. 

▪ Difficulty detecting nuances: Generative AI (ChatGPT in this article) may only sometimes 

perceive subtleties in students' comments or comprehend the fundamental reason for their 

confusion (Fidalgo-Blanco et al., 2015). In the Chemistry Tutoring Platform instance, a student 

may respond wrongly owing to a simple arithmetic mistake. Nonetheless, ChatGPT may 

perceive it as a lack of grasp of the underlying idea, thus resulting in erroneous feedback. 

▪ Potential for inaccurate feedback: AI may sometimes need to be corrected or more accurate 

information, leading to student misunderstandings or confusion (Holstein et al., 2019). For 
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example, ChatGPT may offer a bogus explanation or solution to a stoichiometry issue in the 

Chemistry Tutoring Platform situation, leading to the student developing an inaccurate 

understanding of the idea. 

▪ Reliance on adequate input data: The usefulness of tailored feedback depends on the quality 

and comprehensiveness of the input data supplied to AI (Roll & Wylie, 2016). Only complete or 

correct input data may result in less effective feedback because ChatGPT may lack the context 

to properly comprehend a student's learning requirements. In the Chemistry Tutoring Platform 

situation, for example, if the first diagnostic examination covers only some key chemical 

subjects, ChatGPT may effectively identify the student's strengths and weaknesses, limiting the 

efficacy of individualized input. 

2) Generating Content for Lessons and Assessments 

The future of education is moving toward more adaptive and dynamic learning experiences (Dede, 

2010). ChatGPT, with its capacity to create diverse material for lessons and evaluations, is positioned 

to make substantial advances in this area. Educators can provide consistent, up-to-date, and engaging 

content that responds to varied student requirements by employing AI. However, it is critical to 

understand the limits of AI-generated content, such as potential mistakes, lack of personalization, and 

cultural sensitivity, and to ensure that content aligns with curricular requirements (Illia et al., 2023). This 

section will explore the benefits and limitations of utilizing ChatGPT to produce material for lessons and 

assessments. 

Benefits 

▪ Increased efficiency in content creation: Educators can save time and effort by generating 

content for lessons and assessments, allowing them to focus on other aspects of teaching and 

supporting their students (Klegeris & Hurren, 2011). Thanks to ChatGPT, it is possible. This 

may lead to improved work-life balance and reduced burnout among educators. 

▪ Adaptive lesson plans: Generative AI (ChatGPT in this article) can generate lesson plans that 

cater to students' diverse needs and interests, enhancing the learning experience (Tobin, 2014). 

For example, in the Chemistry Video Lesson case, ChatGPT can create a lesson plan focusing 

on reaction mechanisms for a class with varying levels of understanding, offering multiple entry 

points and scaffolding to support students' needs. 

▪ Engaging assessments: ChatGPT can create reviews that engage students and test their 

understanding in various ways. In the case that teachers can create, ChatGPT generates 

quizzes with multiple-choice, short-answer, and interactive questions related to chemical 

bonding, challenging students to apply their knowledge in different contexts. 

Limitations 

▪ Potential for inaccuracies in generated content: Generative AI (ChatGPT in this article) may 

occasionally create inaccurate or misleading material, impairing students' grasp of ideas 

(Holstein et al., 2018). Educators must carefully verify the created content to ensure accuracy 

and appropriateness. 

▪ Lack of personalization and cultural sensitivity: ChatGPT-generated material may only 

sometimes account for individual students' or varied groups' unique requirements, backgrounds, 

and learning preferences. To guarantee that created information is individualized and culturally 

relevant, educators may need to modify and adjust it. 

▪ Ensuring content alignment: Generative AI (ChatGPT in this article) content may not necessarily 

correspond to curricular requirements or instructional objectives (Cohen et al., 2017). 

Educators, for example, may need to evaluate and modify created quizzes and lesson plans to 

ensure they achieve the targeted learning goals and follow curricular guidelines. 
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3) Supporting Teachers in Curriculum Development 

Effective curriculum creation ensures kids get a well-rounded, relevant, and exciting education in today's 

fast-paced and ever-changing world. AI may help instructors in this process by providing materials, 

fostering collaboration, and giving data-driven insights (Chiu et al., 2021). Regardless of the advantages, 

it is critical to evaluate the drawbacks, which include a loss of human touch, an overreliance on 

technology, reliance on correct input, and ethical problems (Dai et al., 2021). This section will examine 

the advantages and disadvantages of utilizing ChatGPT in curriculum creation. 

Benefits 

▪ Enhanced professional development: ChatGPT can provide educators with valuable resources 

and support to explore new pedagogical approaches, develop lesson plans, and improve 

teaching strategies. This can lead to improved teaching quality and student outcomes. 

▪ Collaborative learning opportunities: ChatGPT can facilitate collaboration among educators by 

generating ideas, resources, and examples that can be shared and discussed in professional 

development settings. This can foster a sense of community and encourage continuous 

improvement. 

▪ Comprehensive resource curation: ChatGPT can help educators discover and curate high-

quality resources for their curriculum. For example, ChatGPT can recommend articles, videos, 

and research papers on innovative pedagogical approaches like inquiry-based learning, 

ensuring teachers can access the latest and most effective strategies. 

▪ Informed decision-making: ChatGPT can analyze curriculum gaps and provide research-based 

recommendations for improvement. In the Professional Development for Chemistry Teachers 

case, it can identify areas where the curriculum lacks emphasis on green chemistry principles 

and suggest resources or activities that integrate sustainability concepts into lessons. 

Limitations 

▪ Lack of human touch and contextual understanding: ChatGPT may need to fully understand the 

unique context of a specific educational setting, making it challenging to provide support that is 

truly relevant and effective. Educators may need to collaborate with colleagues and experts to 

contextualize and adapt the generated resources and suggestions. 

▪ Overreliance on technology: Relying too heavily on ChatGPT for curriculum development may 

decrease educators' sense of autonomy and ownership. It is essential to balance utilizing AI-

generated support and maintaining human expertise in curriculum development. 

▪ Dependence on accurate input: The quality of ChatGPT's support in curriculum development 

relies on the accuracy and comprehensiveness of the input data. In the Professional 

Development for Chemistry Teachers case, if incomplete or outdated information about the 

curriculum is provided, the recommendations may be less effective than they are. 

▪ Ethical considerations: Using ChatGPT in curriculum development raises ethical concerns 

regarding data privacy and algorithmic bias. Maintaining data privacy and ensuring AI-

generated suggestions do not perpetuate biases or stereotypes is crucial. 

4) Facilitating Student-Teacher Communication 

Effective communication between students and teachers is vital for a successful learning experience. 

ChatGPT can significantly improve this aspect by increasing accessibility, enhancing efficiency, and 

facilitating collaboration in educational settings (Pokrivčáková, 2019). However, it is essential to 

recognize potential limitations, such as loss of personal connection, the potential for miscommunication, 

inappropriate content generation, and constraints in empathy and social skills (Karadeniz & Ergül, 2019; 
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Touretzky et al., 2019). This section will discuss the benefits and limitations of using ChatGPT to 

facilitate student-teacher communication. 

Benefits 

▪ Increased accessibility and inclusivity: ChatGPT can help bridge communication gaps between 

students and educators by offering multiple representation formats, alternative descriptions for 

visual elements, and adapting language and complexity levels. This can lead to a more inclusive 

learning environment for all students. 

▪ Improved efficiency in communication: ChatGPT can help manage and streamline 

communication between students and educators, providing quick and accurate responses to 

student inquiries and reducing the workload for educators. 

▪ Prompt and effective support: ChatGPT can provide real-time assistance during virtual 

classroom sessions, enhancing the learning experience. In cases such as a Collaborative 

Learning Platform, ChatGPT can act as a teaching assistant, offering guidance on project tasks 

and supporting group problem-solving, ensuring that students receive timely help when needed. 

▪ Encouraging peer collaboration: ChatGPT can facilitate student collaboration, fostering 

community and shared learning. In cases like the Collaborative Learning Platform case, it can 

moderate discussions, suggest relevant resources, and help students brainstorm ideas for their 

group assignments, creating a more engaging and collaborative learning environment. 

Limitations 

▪ Loss of personal connection: Relying on ChatGPT for communication may lead to a loss of 

personal relationships between students and educators, which could impact the quality of the 

learning experience. Balancing ChatGPT with human interaction is essential to maintain a 

strong student-teacher relationship. 

▪ Potential for miscommunication: ChatGPT may only sometimes accurately interpret or convey 

the intended meaning in student-teacher communication, potentially leading to 

misunderstandings or confusion. Educators must remain vigilant in monitoring and clarifying 

communication to ensure the effectiveness of interactions. 

▪ Inappropriate content: ChatGPT may inadvertently generate inappropriate or offensive content 

in student-teacher communication. In the Collaborative Learning Platform case, monitoring and 

moderating AI-generated content is essential to maintain a respectful and inclusive learning 

environment. 

▪ Limitations in empathy and social skills: ChatGPT may need help understanding student-

teacher communication's emotional nuances and social dynamics. Educators should be mindful 

of maintaining personal connections with students and addressing their emotional and social 

needs alongside their academic concerns. 

Innovating Distance Learning: A Journey Through Science Education and Beyond 

Integrating ChatGPT and other AI tools into distance science education can transform teaching and 

learning experiences, providing students and educators with opportunities for personalized feedback, 

content generation, curriculum development, and improved communication (Chen et al., 2020). At the 

same time, the rapid growth of generative AI technologies and their potential applications in education 

raises significant ethical and practical concerns that must be addressed to ensure the responsible and 

effective use of these tools in educational contexts (Boddington, 2017). 

 

The potential of AI tools like ChatGPT in distance science education extends beyond their immediate 

applications to the broader implications for the future of education. As AI continues to evolve, it offers 

opportunities to develop more adaptive, personalized, and inclusive learning environments (Luckin et 
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al., 2016). To realize the full potential of these tools, the education community must remain open to 

innovation and actively engage in the exploration and development of AI in education. 

 

The COVID-19 pandemic has proved the usefulness of technology in assisting education, particularly 

during times of crisis (Dhawan, 2020). As AI technologies such as ChatGPT evolve, schools must adapt 

and embrace new advancements rather than reject them. By doing so, the education community may 

avoid being caught off guard by future obstacles and maximize the opportunities afforded by AI in 

education. 

 

Using AI in education also provides chances to overcome the digital gap and enhance educational equity 

(Ritzhaupt et al., 2020). AI solutions such as ChatGPT can help students from varied backgrounds and 

with varying levels of access to resources by providing individualized learning experiences. This can 

help to eliminate inequities in educational outcomes and build a more fair and inclusive learning 

environment. 

The Integration of Emerging Technologies in Distance Science Education 

The findings of this study shed light on the various effects of distance education on the quality and 

engagement of science education. While the shift to online learning offered multiple obstacles, it created 

new potential for science pedagogy innovation and adaptation. The findings were consistent with those 

of Buchanan (2023), who underlined the crucial relevance of evidence-based explanations and the need 

for educators to be aware of the limitations of AI technologies such as ChatGPT in distance scientific 

teaching. 

 

Furthermore, the findings revealed that the efficiency of distance education in science heavily depends 

on contextual circumstances and educators' ability to customize their approach to students' 

requirements. According to Darics & Poppel (2023), educators should be wary of algorithmic biases and 

the restricted framing of truth in AI-generated information. In this regard, the findings emphasize the 

importance of a teacher's competence and understanding of their students when making informed 

pedagogical decisions in the context of remote scientific education. 

 

The findings emphasize the importance of cultivating community among students in online science 

education. This can be accomplished by increasing peer-to-peer connections and utilizing online 

discussion forums and group activities (Wu et al., 2022). We can build a more engaging learning 

environment that goes beyond individualized experiences and fosters a sense of belonging among 

learners. 

 

Furthermore, the findings highlight the importance of continual professional development for educators 

in improving the quality of distance science education. We can better prepare educators to manage the 

complexity of teaching science in an online context and serve the different needs of their students by 

providing training in the effective use of digital tools, pedagogical tactics, and ethical considerations. 

Strategies for Incorporating Hands-On Activities in Distance Science Education 

The study's outcomes imply that overcoming hurdles to typical lab experiences in distance scientific 

education requires innovation, flexibility, and multiple digital technologies. Despite the lack of actual lab 

settings, virtual labs, simulations, and other interactive materials can effectively provide students with 

valuable hands-on experiences (Wu et al., 2022). Furthermore, as Boudreau (2023) points out, these 

digital alternatives may help reduce traditional lab activities' environmental impact. 

 

The findings, however, emphasize the need to evaluate the potential ethical consequences of utilizing 

AI technologies in science teaching. For example, when using AI technologies in distance scientific 
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education, the low pay offered to Kenyan content moderators who worked on developing ChatGPT 

(Perrigo, 2023) and the risk of copyright infringement (Karim, 2023) should be considered. 

 

Another essential part of reducing barriers in distance science education is ensuring that all students 

have equal access to technology and materials. This involves bridging the digital gap by equipping 

students with the technology, software, and internet access they need to participate fully in virtual lab 

experiences and other online learning activities (Boudreau, 2023). 

 

Furthermore, this research emphasizes the significance of integrating real-world applications and 

problem-solving activities into distance scientific education. Educators can assist students in developing 

a more profound knowledge of the subject matter and cultivate an appreciation for the relevance and 

importance of science in their daily lives by relating theoretical concepts to real-life events. In this regard, 

ChatGPT can make their work much more manageable and provide them with countless examples 

quickly. 

The Role of Artificial Intelligence in Future Distance Science Education 

The findings have numerous implications, underlining the importance of a comprehensive strategy to 

distance science education that encompasses technology improvements and ethical considerations. In 

keeping with Nature's (2023) principles, the researcher advocates for transparency in using AI platforms 

in educational research and practice. Furthermore, as proposed by Stokel-Walker (2023), the author 

encourages the development of more precise criteria for the safe use of AI in science education. 

 

Furthermore, the findings highlight the significance of encouraging critical thinking in both instructors 

and students in online science education. As the usage of AI technologies becomes more common, it is 

essential to cultivate a critical and analytical mentality, especially given the myriad obstacles and 

ambiguities surrounding proof, truth, and information sources in the digital era. 

 

The findings also highlight the importance of ongoing research and assessment to track the efficacy of 

online scientific education and identify best practices. This can include undertaking longitudinal studies, 

gathering qualitative and quantitative data, and collaborating across disciplines to gain a holistic 

understanding of the changing landscape of science education in the digital age. 

 

Furthermore, the research emphasizes the significance of policy creation and implementation in 

distance science education. Policymakers must collaborate with educators, researchers, and other 

stakeholders to set rules and laws that encourage high-quality science education, ensure fair access to 

resources, and address ethical concerns about AI technology use. By doing so, the author may build a 

solid foundation that promotes the growth and development of distance science education in a 

responsible and long-term manner. 

Distance Science Education: A Vision for the Future 

Finally, this study thoroughly examines distance scientific education, concentrating on its quality, 

involvement, overcoming barriers, and projecting future changes. The researcher investigates the 

effects of distance education on the quality and engagement of science education, techniques for 

overcoming traditional technology usage experiences, and implications for future practices and policies. 

 

The findings emphasize the need to harness technology, cultivate a sense of community, and encourage 

educators to pursue continual professional development to improve the quality and participation of 

distance scientific education. Additionally, the author emphasizes the need for equitable access to 

technology and resources, real-world applications, and problem-solving activities to overcome barriers 

in distance learning. The study also underscores the significance of ongoing research, evaluation, policy 
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development, and implementation to create a robust framework that supports the growth of distance 

science education responsibly and sustainably. This research contributes valuable insights into distance 

science education, providing practical guidance for educators, researchers, and policymakers alike. 

 

In terms of suggestions, future research could extend this study to other subject areas, such as math 

education or social sciences education. Additionally, exploring the potential of augmented and virtual 

reality in distance learning and examining the impact of collaborative learning in online environments 

can provide further insights. Assessing the long-term outcomes of distance science education and the 

role of technology in shaping these outcomes will also be valuable. 

 

The study's implications include educators' need to adapt their teaching methods and practices to take 

advantage of technology and digital resources available for distance science education. Emphasizing 

the development of a sense of community and collaboration among students can enhance engagement 

and learning outcomes. Policymakers and educational institutions should focus on ensuring equitable 

access to technology and resources for all students while also investing in the continual professional 

development of educators to keep pace with technological advancements. Addressing these challenges 

and integrating AI technologies like ChatGPT with appropriate pedagogical strategies can enhance 

distance science education, resulting in better student learning experiences and outcomes. 

References 

Abdellatif, S., Shomotova, A., Trabelsi, S., Husain, S., Alsalhi, N., & Eltahir, M. (2023). Transition to 

Distance Learning: Student Experience and Communication during the COVID-19 Pandemic in 

the United Arab Emirates. Sustainability, 15(8), 6456. https://doi.org/10.3390/su15086456  

Al-Worafi, Y. M., Hermansyah, A., Goh, K. W., & Ming, L. C. (2023). Artificial Intelligence Use in 

University: Should We Ban ChatGPT?. https://doi.org/10.20944/preprints202302.0400.v1  

Birt, L., Scott, S., Cavers, D., Campbell, C., & Walter, F. (2016). Member checking: a tool to enhance 

trustworthiness or merely a nod to validation?. Qualitative health research, 26(13), 1802-1811. 

https://doi.org/10.1177/1049732316654870  

Boddington, P. (2017). Towards a code of ethics for artificial intelligence (pp. 27-37). Cham: Springer. 

Boote, D. N., & Beile, P. (2005). Scholars before researchers: On the centrality of the dissertation 

literature review in research preparation. Educational Researcher, 34(6), 3-15. 

https://doi.org/10.3102/0013189X034006003  

Boudreau, C. (2023). I asked ChatGPT about its carbon footprint and it didn’t have a real answer. Insider. 

https://www.businessinsider.com/chatgpt-openai-carbon-footprint-ai-climate-crisis-2023-2  

Bozkurt, A. (2023). Generative artificial intelligence (AI) powered conversational educational agents: 

The inevitable paradigm shift. Asian Journal of Distance Education, 18(1). 

https://doi.org/10.5281/zenodo.7716416  

Bozkurt, A., & Sharma, R. C. (2023). Challenging the status quo and exploring the new boundaries in 

the age of algorithms: Reimagining the role of generative AI in distance education and online 

learning. Asian Journal of Distance Education, 18(1), i-viii. 

https://doi.org/10.5281/zenodo.7755273  

Bozkurt, A., Xiao, J., Lambert, S., Pazurek, A., Crompton, H., Koseoglu, S., Farrow, R., Bond, M., 

Nerantzi, C., Honeychurch, S., Bali, M., Dron, J., Mir, K., Stewart, B., Costello, E., Mason, J., 

Stracke, C. M., Romero-Hall, E., Koutropoulos, A., Toquero, C. M., Singh, L Tlili, A., Lee, K., 

https://doi.org/10.3390/su15086456
https://doi.org/10.20944/preprints202302.0400.v1
https://doi.org/10.1177/1049732316654870
https://doi.org/10.3102/0013189X034006003
https://www.businessinsider.com/chatgpt-openai-carbon-footprint-ai-climate-crisis-2023-2
https://doi.org/10.5281/zenodo.7716416
https://doi.org/10.5281/zenodo.7755273


Asian Journal of Distance Education Kılınç, S. 

 

232 

 

Nichols, M., Ossiannilsson, E., Brown, M., Irvine, V., Raffaghelli, J. E., Santos-Hermosa, G 

Farrell, O., Adam, T., Thong, Y. L., Sani-Bozkurt, S., Sharma, R. C., Hrastinski, S., & Jandrić, 

P. (2023). Speculative futures on ChatGPT and generative artificial intelligence (AI): A collective 

reflection from the educational landscape. Asian Journal of Distance Education, 18(1), 53-130. 

https://doi.org/10.5281/zenodo.7636568  

Buchanan, J. (2023). ChatGPT cites economics papers that do not exist. Economist Writing Every Day. 

https://economistwritingeveryday.com/2023/01/21/chatgpt-cites-economics-papers-that-do-

not-exist/  

Casillo, K., & Powell, A. (2023). Challenges in regulating the use of artificial intelligence. ENSafrica. 

https://www.ensafrica.com/news/detail/6874/challenges-in-regulating-the-use-of-artificia  

Celik, I. (2023). Towards Intelligent-TPACK: An empirical study on teachers’ professional knowledge to 

ethically integrate artificial intelligence (AI)-based tools into education. Computers in Human 

Behavior, 138, 107468. https://doi.org/10.1016/j.chb.2022.107468  

Chatterjee, J., & Dethlefs, N. (2023). This new conversational AI model can be your friend, philosopher, 

and guide ... and even your worst enemy. Patterns, 4(1), 100676. 

https://doi.org/10.1016/j.patter.2022.100676  

Chen, L., Chen, P., & Lin, Z. (2020). Artificial intelligence in education: A review. Ieee Access, 8, 75264-

75278. https://doi.org/10.1109/ACCESS.2020.2988510  

Chiu, T. K., Meng, H., Chai, C. S., King, I., Wong, S., & Yam, Y. (2021). Creation and evaluation of a 

pretertiary artificial intelligence (AI) curriculum. IEEE Transactions on Education, 65(1), 30-39. 

https://doi.org/10.1109/te.2021.3085878  

Cohen, J., Jones, W. M., Smith, S., & Calandra, B. (2017). Makification: Towards a framework for 

leveraging the maker movement in formal education. Journal of Educational Multimedia and 

Hypermedia, 26(3), 217-229. 

Conole, G. (2012). Designing for learning in an open world (Vol. 4). Springer Science & Business Media. 

Cooper, G. (2023). Examining Science Education in ChatGPT: An Exploratory Study of Generative 

Artificial Intelligence. Journal of Science Education and Technology, 1-9. 

https://doi.org/10.1007/s10956-023-10039-y  

Creswell, J. W., & Poth, C. N. (2018). Qualitative inquiry and research design: Choosing among five 

approaches. Sage Publications. https://doi.org/10.4135/9781529723957  

Crawford, J., Cowling, M., & Allen, K. (2023). Leadership is needed for ethical ChatGPT: Character, 

assessment, and learning using artificial intelligence (AI). Journal of University Teaching & 

Learning Practice, 20(3). https://doi.org/10.53761/1.20.3.02  

Dai, Y., Chai, C. S., Lin, P. Y., Jong, M. S. Y., Guo, Y., & Qin, J. (2020). Promoting students’ well-being 

by developing their readiness for the artificial intelligence age. Sustainability, 12(16), 6597. 

https://doi.org/10.3390/su12166597  

Darics, E., & Poppel, L. (2023). Debate: ChatGPT offers unseen opportunities to sharpen students’ 

critical skills. The Conversation. https://theconversation.com/debate-chatgpt-offers-unseen-

opportunities-to-sharpen-students-critical-skills-199264  

https://doi.org/10.5281/zenodo.7636568
https://economistwritingeveryday.com/2023/01/21/chatgpt-cites-economics-papers-that-do-not-exist/
https://economistwritingeveryday.com/2023/01/21/chatgpt-cites-economics-papers-that-do-not-exist/
https://www.ensafrica.com/news/detail/6874/challenges-in-regulating-the-use-of-artificia
https://doi.org/10.1016/j.chb.2022.107468
https://doi.org/10.1016/j.patter.2022.100676
https://doi.org/10.1109/ACCESS.2020.2988510
https://doi.org/10.1109/te.2021.3085878
https://doi.org/10.1007/s10956-023-10039-y
https://doi.org/10.4135/9781529723957
https://doi.org/10.53761/1.20.3.02
https://doi.org/10.3390/su12166597
https://theconversation.com/debate-chatgpt-offers-unseen-opportunities-to-sharpen-students-critical-skills-199264
https://theconversation.com/debate-chatgpt-offers-unseen-opportunities-to-sharpen-students-critical-skills-199264


Asian Journal of Distance Education Kılınç, S. 

 

233 

 

Dede, C. (2010). Comparing frameworks for 21st century skills. 21st century skills: Rethinking how 

students learn, 20(2010), 51-76.  

Dhawan, S. (2020). Online learning: A panacea in the time of COVID-19 crisis. Journal of educational 

technology systems, 49(1), 5-22. https://doi.org/10.1177/0047239520934018  

Elo, S., & Kyngäs, H. (2008). The qualitative content analysis process. Journal of advanced 

nursing, 62(1), 107-115. https://doi.org/10.1111/j.1365-2648.2007.04569.x  

Ertmer, P. A., & Ottenbreit-Leftwich, A. T. (2013). Removing obstacles to the pedagogical changes 

required by Jonassen's vision of authentic technology-enabled learning. Computers & 

Education, 64, 175-182. https://doi.org/10.1016/j.compedu.2012.10.008  

Fidalgo-Blanco, Á., Sein-Echaluce, M. L., García-Peñalvo, F. J., & Conde, M. Á. (2015). Using Learning 

Analytics to improve teamwork assessment. Computers in Human Behavior, 47, 149-156. 

https://doi.org/10.1016/j.chb.2014.11.050  

García-Peñalvo, F. J. (2023). The perception of artificial intelligence in educational contexts after the 

launch of ChatGPT: Disruption or panic? Education in the Knowledge Society, 24, e31279. 

https://doi.org/10.14201/eks.31279  

Garrison, D.R. (2016). E-Learning in the 21st Century: A Community of Inquiry Framework for Research 

and Practice (3rd ed.). Routledge. https://doi.org/10.4324/9781315667263  

Gikas, J., & Grant, M. M. (2013). Mobile computing devices in higher education: Student perspectives 

on learning with cellphones, smartphones & social media. The Internet and Higher 

Education, 19, 18-26. https://doi.org/10.1016/j.iheduc.2013.06.002  

Halaweh, M. (2023). ChatGPT in education: Strategies for responsible implementation. Contemporary 

Educational Technology, 15(2). https://doi.org/10.30935/cedtech/13036  

Holmes, W., Bialik, M., & Fadel, C. (2019). Artificial intelligence in education: Promises and implications 

for teaching and learning. Boston: Centre for Curriculum Redesign. https://doi.org/10.1007/978-

3-030-23207-8_20  

Holstein, K., McLaren, B. M., & Aleven, V. (2018). Student learning benefits of a mixed-reality teacher 

awareness tool in AI-enhanced classrooms. In Artificial Intelligence in Education: 19th 

International Conference, AIED 2018, London, UK, June 27–30, 2018, Proceedings, Part I 

19 (pp. 154-168). Springer International Publishing. https://doi.org/10.1007/978-3-319-93843-

1_12  

Holstein, K., Wortman Vaughan, J., Daumé III, H., Dudik, M., & Wallach, H. (2019, May). Improving 

fairness in machine learning systems: What do industry practitioners need?. In Proceedings of 

the 2019 CHI conference on human factors in computing systems (pp. 1-16). 

https://doi.org/10.1145/3290605.3300830  

Illia, L., Colleoni, E., & Zyglidopoulos, S. (2023). Ethical implications of text generation in the age of 

artificial intelligence. Business Ethics, the Environment & Responsibility, 32(1), 201-210. 

https://doi.org/10.1111/beer.12479  

Karadeniz, Ş., & Ergül, I. B. (2019). Educational Technologies in the Age of Transhumanism. 

In Handbook of Research on Learning in the Age of Transhumanism (pp. 291-305). IGI Global. 

https://doi.org/10.4018/978-1-5225-8431-5.ch018  

https://doi.org/10.1177/0047239520934018
https://doi.org/10.1111/j.1365-2648.2007.04569.x
https://doi.org/10.1016/j.compedu.2012.10.008
https://doi.org/10.1016/j.chb.2014.11.050
https://doi.org/10.14201/eks.31279
https://doi.org/10.4324/9781315667263
https://doi.org/10.1016/j.iheduc.2013.06.002
https://doi.org/10.30935/cedtech/13036
https://doi.org/10.1007/978-3-030-23207-8_20
https://doi.org/10.1007/978-3-030-23207-8_20
https://doi.org/10.1007/978-3-319-93843-1_12
https://doi.org/10.1007/978-3-319-93843-1_12
https://doi.org/10.1145/3290605.3300830
https://doi.org/10.1111/beer.12479
https://doi.org/10.4018/978-1-5225-8431-5.ch018


Asian Journal of Distance Education Kılınç, S. 

 

234 

 

Karim, R. (2023). ChatGPT: Old AI problems in a new guise, new problems in disguise. Monash Lens. 

https://lens.monash.edu/@politics-society/2023/02/13/1385448/chatgpt-old-ai-problems-in-a-

new-guise-new-problems-in-disguise  

Khalil, M., & Er, E. (2023). Will ChatGPT get you caught? Rethinking of plagiarism detection. arXiv. 

https://doi.org/10.35542/osf.io/fnh48  

Klegeris, A., & Hurren, H. (2011). Impact of problem-based learning in a large classroom setting: student 

perception and problem-solving skills. Advances in physiology education, 35(4), 408-415. 

https://doi.org/10.1152/advan.00046.2011  

Lieberman, M. (2023). What Is ChatGPT and how Is It used in education. Education Week. https://www. 

edweek.org/technology/what-is-chatg pt-and-how-is-it-used-in-education/2023/01  

Lu, Y. (2019) Artificial intelligence: a survey on evolution, models, applications and future trends. Journal 

of Management Analytics, 6(1), 1-29. https://doi.org/10.1080/23270012.2019.1570365  

Luckin, R., Holmes, W., Griffiths, M., & Forcier, L. B. (2016). Intelligence unleashed: An argument for AI 

in education. 

MacKenzie, A., Bacalja, A., Annamali, D., Panaretou, A., Girme, P., Cutajar, M., ... & Gourlay, L. (2022). 

Dissolving the dichotomies between online and campus-based teaching: a collective response 

to the manifesto for teaching online (Bayne et al. 2020). Postdigital Science and Education, 4(2), 

271-329. https://doi.org/10.1007/s42438-021-00259-z  

Mollick, E. R., & Mollick, L. (2022). New Modes of Learning Enabled by AI Chatbots: Three Methods 

and Assignments.  SSRN. 

Moore, M. G., Dickson-Deane, C., & Galyen, K. (2011). E-learning, online learning, and distance 

learning environments: Are they the same? The Internet and Higher Education, 14(2), 129-135. 

http://dx.doi.org/10.1016/j.iheduc.2010.10.001  

Nature. (2023). Tools such as ChatGPT threaten transparent science; here are our ground rules for their 

use. https://www.nature.com/articles/d41586-023-00191-1  

Ofgang, E. (2022). What is ChatGPT and how can you teach with it? Tips & tricks. Tech & Learning. 

https://www.techlearning.com/how-to/what-is-chatgpt-and-how-to-teach-with-it-tips-and-tricks 

OpenAI, T. B. (2022). Chatgpt: Optimizing language models for dialogue. OpenAI.   

OpenAI. (2023). Educator considerations for ChatGPT. https://platform.openai.com/docs/chatgpt-

education  

Qadir, J. (2022). Engineering education in the era of ChatGPT: Promise and pitfalls of generative AI for 

education. https://doi.org/10.36227/techrxiv.21789434.v1  

Papamitsiou, Z., & Economides, A. A. (2014). Learning analytics and educational data mining in 

practice: A systematic literature review of empirical evidence. Journal of Educational 

Technology & Society, 17(4), 49-64. 

Pardos, Z. A., & Bhandari, S. (2023). Learning gain differences between ChatGPT and human tutor 

generated algebra hints. arXiv preprint arXiv:2302.06871. 

https://doi.org/10.48550/arXiv.2302.06871  

Perrigo, B. (2023). Exclusive: The $2 per hour workers who made ChatGPT safer. Time. 

https://time.com/6247678/openai-chatgpt-kenya-workers/  

https://lens.monash.edu/@politics-society/2023/02/13/1385448/chatgpt-old-ai-problems-in-a-new-guise-new-problems-in-disguise
https://lens.monash.edu/@politics-society/2023/02/13/1385448/chatgpt-old-ai-problems-in-a-new-guise-new-problems-in-disguise
https://doi.org/10.35542/osf.io/fnh48
https://doi.org/10.1152/advan.00046.2011
https://doi.org/10.1080/23270012.2019.1570365
https://doi.org/10.1007/s42438-021-00259-z
http://dx.doi.org/10.1016/j.iheduc.2010.10.001
https://www.nature.com/articles/d41586-023-00191-1
https://platform.openai.com/docs/chatgpt-education
https://platform.openai.com/docs/chatgpt-education
https://doi.org/10.36227/techrxiv.21789434.v1
https://doi.org/10.48550/arXiv.2302.06871
https://time.com/6247678/openai-chatgpt-kenya-workers/


Asian Journal of Distance Education Kılınç, S. 

 

235 

 

PM, A. (2023, April 15). ChatGPT in Education Sector: Benefits and Challenges - analyticsinsight.net. 

https://www.analyticsinsight.net/chatgpt-in-education-sector-benefits-and-challenges/  

Pokrivčáková, S. (2019). Preparing teachers for the application of AI-powered technologies in foreign 

language education. Journal of Language and Cultural Education. 

https://doi.org/10.2478/jolace-2019-0025  

Rahman, M. M., & Watanobe, Y. (2023). ChatGPT for Education and Research: Opportunities, Threats, 

and Strategies. https://doi.org/10.20944/preprints202303.0473.v1  

Raman, R., Mandal, S., Das, P., Kaur, T., Sanjanasri, J. P., & Nedungadi, P. (2023). University students 

as early adopters of ChatGPT: Innovation Diffusion Study. https://doi.org/10.21203/rs.3.rs-

2734142/v1  

Ritzhaupt, A. D., Cheng, L., Luo, W., & Hohlfeld, T. N. (2020). The digital divide in formal educational 

settings: The past, present, and future relevance. Handbook of Research in Educational 

Communications and Technology: Learning Design, 483-504. https://doi.org/10.1007/978-3-

030-36119-8_23  

Roll, I., & Wylie, R. (2016). Evolution and revolution in artificial intelligence in education. International 

Journal of Artificial Intelligence in Education, 26, 582-599. https://doi.org/10.1007/s40593-016-

0110-3  

Sallam, M. (2023). The utility of ChatGPT as an example of large language models in healthcare 

education, research and practice: Systematic review on the future perspectives and potential 

limitations. medRxiv, 2023-02. https://doi.org/10.1101/2023.02.19.23286155  

Shue, E., Liu, L., Li, B., Feng, Z., Li, X., & Hu, G. (2023). Empowering Beginners in Bioinformatics with 

ChatGPT. bioRxiv, 2023-03.  

Stefanidou, C., & Mandrikas, A. (2023). Science Teaching at a Distance in Greece: Students’ 

Views. Education Sciences, 13(4), 395. https://doi.org/10.3390/educsci13040395  

Stockman, C., & Nottingham, E. (2022). Surveillance capitalism in schools: what’s the problem?’. Digital 

Culture & Education, 14(1), 1-15.  

Stokel-Walker, C. (2023). ChatGPT listed as author on research papers: Many scientists disapprove. 

Nature. https://www.nature.com/articles/d41586-023-00107-z  

Tate, T., Doroudi, S., Ritchie, D., & Xu, Y. (2023). Educational Research and AI-Generated Writing: 

Confronting the Coming Tsunami. https://doi.org/10.35542/osf.io/4mec3  

Tlili, A., Shehata, B., Adarkwah, M. A., Bozkurt, A., Hickey, D. T., Huang, R., & Agyemang, B. (2023). 

What if the devil is my guardian angel: ChatGPT as a case study of using chatbots in education. 

Smart Learning Environments, 10(1), 1-24. https://doi.org/10.1186/s40561-023-00237-x  

Tobin, K. (2015). The sociocultural turn in science education and its transformative 

potential. Sociocultural studies and implications for science education: The experiential and the 

virtual, 3-31.  

Tondeur, J., van Braak, J., Ertmer, P. A., & Ottenbreit-Leftwich, A. (2017). Understanding the 

relationship between teachers’ pedagogical beliefs and technology use in education: a 

systematic review of qualitative evidence. Educational Technology Research and Development, 

65(3), 555-575. https://doi.org/10.1007/s11423-016-9481-2  

https://www.analyticsinsight.net/chatgpt-in-education-sector-benefits-and-challenges/
https://doi.org/10.2478/jolace-2019-0025
https://doi.org/10.20944/preprints202303.0473.v1
https://doi.org/10.21203/rs.3.rs-2734142/v1
https://doi.org/10.21203/rs.3.rs-2734142/v1
https://doi.org/10.1007/978-3-030-36119-8_23
https://doi.org/10.1007/978-3-030-36119-8_23
https://doi.org/10.1007/s40593-016-0110-3
https://doi.org/10.1007/s40593-016-0110-3
https://doi.org/10.1101/2023.02.19.23286155
https://doi.org/10.3390/educsci13040395
https://www.nature.com/articles/d41586-023-00107-z
https://doi.org/10.35542/osf.io/4mec3
https://doi.org/10.1186/s40561-023-00237-x
https://doi.org/10.1007/s11423-016-9481-2


Asian Journal of Distance Education Kılınç, S. 

 

236 

 

Touretzky, D., Gardner-McCune, C., Martin, F., & Seehorn, D. (2019, July). Envisioning AI for K-12: 

What should every child know about AI?. In Proceedings of the AAAI conference on artificial 

intelligence (Vol. 33, No. 01, pp. 9795-9799). https://doi.org/10.1609/aaai.v33i01.33019795 

Tucker, B. (2012). The flipped classroom. Education Next, 12(1), 82-83. 

Vargas Bernuy, J., Espinoza Vidaurre, S., Velásquez Rodriguez, N., Gambetta Quelopana, R., Martinez 

Valdivia, A., & Leo Rossi, E. (2023). COVID-19 and Its Effects on the Management of the Basic 

Quality Conditions in Universities of Peru, 2022. Sustainability, 15(8), 6523. 

https://doi.org/10.3390/su15086523  

Wen, J., & Wang, W. (2023). The future of ChatGPT in academic research and publishing: A 

commentary for clinical and translational medicine. Clinical and Translational Medicine, 13(3). 

https://doi.org/10.1002/ctm2.1207  

Williams, C. (2023). Hype, or the future of learning and teaching? 3 Limits to AI's ability to write student 

essays. London School of Economics internet blog. https://kar.kent.ac.uk/99505/.  

Wingo, N. P., Ivankova, N. V., & Moss, J. A. (2017). Faculty perceptions about teaching online: Exploring 

the literature using the technology acceptance model as an organizing framework. Online 

Learning, 21(1), 15-35. 

Wu, C. J., Raghavendra, R., Gupta, U., Acun, B., Ardalani, N., Maeng, K., ... & Hazelwood, K. (2022). 

Sustainable ai: Environmental implications, challenges and opportunities. Proceedings of 

Machine Learning and Systems, 4, 795-813. 

Zakrzewski, J., & Newton, B. (2022). Technology in Teacher Education: Student Perceptions of 

Instructional Technology in the Classroom. Journal on Empowering Teaching Excellence, 6(1), 

4. https://doi.org/10.26077/0b43-c702  

Zawacki-Richter, O., Marín, V. I., Bond, M., & Gouverneur, F. (2019). Systematic review of research on 

artificial intelligence applications in higher education–where are the educators?. International 

Journal of Educational Technology in Higher Education, 16(1), 1-27. 

Zhai, X. (2022). ChatGPT user experience: Implications for education. Available at SSRN 4312418. 

About the Author(s) 

Selçuk Kılınç (Corresponding author); skilinc@metu.edu.tr; Middle East Technical University; Turkey; 
https://orcid.org/0000-0001-8846-7243 

Author’s Contributions (CRediT) 

Selçuk Kılınç: Conceptualization, Methodology, Data Curation, Formal Analysis, Writing - original draft, 
Writing - review & editing. 

Acknowledgements 

I express our gratitude to the creators and developers of ChatGPT, an advanced artificial intelligence 
language model, which has not only inspired this research but also plays a crucial role in revolutionizing 
the landscape of the future.  

Funding 

Not applicable. 

Ethics Statement 

The research in question does not involve any living organisms, and ChatGPT is also used for 
educational purposes, so a review of its ethical implications is unnecessary.  

https://doi.org/10.3390/su15086523
https://doi.org/10.1002/ctm2.1207
https://kar.kent.ac.uk/99505/
https://doi.org/10.26077/0b43-c702
https://orcid.org/0000-0001-8846-7243
https://credit.niso.org/


Asian Journal of Distance Education Kılınç, S. 

 

237 

 

Conflict of Interest 

The authors do not declare any conflict of interest. 

Data Availability Statement 

All data generated or analyzed during this study are included in this published article. 

Suggested citation: 
Kılınç, S. (2023). Embracing the future of distance science education: Opportunities and challenges of 
ChatGPT integration. Asian Journal of Distance Education, 18(1), 205-237. 
https://doi.org/10.5281/zenodo.7857396  
 
 

 

Authors retain copyright. Articles published under a Creative Commons Attribution 4.0 (CC-BY) International License. 
This licence allows this work to be copied, distributed, remixed, transformed, and built upon for any purpose provided 
that appropriate attribution is given, a link is provided to the license, and changes made were indicated. 

 
 

https://doi.org/10.5281/zenodo.7857396

