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Abstract: This study aims to investigate the effectiveness of artificial intelligence in
creating inquiry-based lesson plans for science education in the context of Turkey. An
exploratory design was used to achieve this goal. The subject matter of middle school
science was treated as a case and ChatGPT was asked to create lesson plans by specifying
the objectives and duration of the lessons. Then, the plans were evaluated by the
researchers, considering the rubric of the Guidelines for Assessing Inquiry-based Lesson
Plans developed by Borda-Carulla and Harmen (2012). The researchers of this study
evaluated the lesson plans separately, and the internal consistency coefficient was
calculated as 0.83. The results suggest that the artificial intelligence-generated lesson
plans were aligned with the course objectives, incorporated real-world contexts, and
promoted an inquiry-based learning environment. Despite these strengths, the results of

this study also suggest that some areas need to be improved, such as providing structured
feedback and fostering curiosity.
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1. Introduction

Artificial intelligence (AI) has become more common and attracted much attention in education.
UNESCO has published Al Competency Framework for Students to help educators integrate Al into
education as a global standard and aims to educate students to be responsible, knowledgeable users and
creators of Al. The framework underlines the importance of educating students with to skills to use Al
effectively. The framework investigates these necessary knowledge and skills under four main
categories: Human-centred mindset; Ethics of Al; Al techniques and applications; and Al system design.
This framework not only serves as a guide for integrating Al into curricula but also highlights the
importance of equipping students with critical and ethical awareness, preparing them for an active role
in Al-driven societies (UNESCO, 2024). Although researchers have been discussing the use of Al in
education for about 30 years, its educational potential is still a black box for educators (Zawacki-Richter
etal.,, 2019). The integration of Al in education has led to the creation of more personalized and effective
learning experiences through enhanced technology platforms. The role of Al in education encompasses
several key dimensions, including facilitating nuanced teacher feedback, implementing automated
grading systems, promoting adaptive learning techniques, and supporting distance learning
frameworks (Liang et al., 2021). Besides this, it is revolutionizing teaching approaches, enhancing
learning processes, and refining assessment strategies (Johnson et al.,, 2017). It encompasses a wide
range of applications, from adaptive learning platforms that tailor content to the needs of individual
learners to analytics tools that monitor student engagement and performance (Chen, et al. 2020).
Additionally, Al has the potential to transform lesson planning and curriculum development, making
traditional methods, which are often time-consuming and static, more dynamic and personalized,
thereby reducing the burden on educators. For example, in a recent study, Cooper (2023) examined the
responses of ChatGPT, an Al tool, to questions related to science education. The answers were mostly
consistent with the literature. Furthermore, in the task of generating a lesson for a science subject, the
researcher suggests that the ChatGPT feature, although it needs further fine-tuning, is expected to gain
wide acceptance among educators. Based on this, our study aims to explore the effectiveness of Al in
creating lesson plans for science education in the context of Tiirkiye.
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To respond to a rapidly changing global landscape driven by technological progress, to show openness
to new ideas, and to develop individuals capable of integrating scientific principles into everyday life,
improvements in science education and training are underway, aiming to achieve global
competitiveness in Tiirkiye. In other words, the swift advancement of science and technology, the
changing needs of individuals and communities, contemporary innovations, and developments in
educational approaches have directly influenced the roles individuals need to adopt. To meet these
challenges, Tiirkiye has adopted inquiry-based learning in its science education program (MoNE, 2018).
With this transformation, individuals are expected to produce knowledge, use it effectively in practical
situations, solve problems, think critically, have an entrepreneurial spirit, be determined, have
communication skills, empathize, and add value to society and culture. This raises a question about the
inquiry-based learning strategy: "If students are to learn the methods of science, what better way than
through active participation in the inquiry process itself?” (NRC, 2000). This study thus aligns Al's
potential with Tiirkiye's educational goals, aiming to assess the quality of Al-generated lesson plans
within an inquiry-based learning context.

1.1. Inquiry-based learning

As in all learning and teaching approaches, the inquiry-based learning approach is used together with
other learning approaches. No learning and teaching approach alone can be effective for along time. Nor
has this approach emerged in isolation. Inquiry-based learning emerged under the influence of many
important theories and it has influenced other learning strategies, such as constructivist learning
(Degenhart, 2010). To demonstrate the importance of the inquiry-based learning strategy, the question
“If students were to learn the methods of science, then how better to learn than through active
engagement in the process of inquiry itself?” should be answered (NRC, 2000). When explaining this
strategy, it is necessary to focus on what provides more than just a dictionary definition. In this context,
learning benefits concerning the inquiry-based learning strategy have been identified. These benefits
include scientific process skills, the nature of scientific research-questioning, and the general research-
questioning process (Barrow, 2006). At the end of the IBL process, the benefits identified by the students
include investigating information from life by using information steps and problem-solving skills and
developing skills and attitudes that can generalize this information (Yasar & Duban, 2009). When
students learn by conducting inquiry, they go through the following stages: undertaking the research-
sorting process, exhibiting curiosity, defining current information questions, simple inquiry planning
and execution, proposing preliminary explanations or hypotheses, collecting evidence from
observations, using evidence-based explanations, and thinking of and explaining other explanations and
communications (NRC, 2000). When this process is examined carefully, it can be seen that students
follow their methods and practices by putting themselves in the place of scientists who collect
information about the world to accumulate information (Keselman, 2003). The provision of benefits is
associated with the level of inquiry. Furthermore, the quality of the subject to be applied and the target
audience also influences the level of questioning.

The relevant literature has shown that inquiry-based learning has numerous positive effects on
improving students' attitudes toward the subject under study, academic performance, scientific process
skills, perception of inquiry skills, motivation, application of research skills, meaning-making, and
acquisition of scientific knowledge (Suducetal, 2015; Unli, 2015; Varlu & Sagir, 2019; Yerlikaya, 2019).
Studies conducted in Tiirkiye are also in line with international literature. For instance, the positive
effects on achievement, perception of inquiry-learning skills, and metacognition levels after teaching the
propagation of light and sound at the fifth-grade level following the inquiry-based approach can be seen
in the results from the study by Varlu and Sag1 (2019). At the seventh-grade level, students' scientific
process skills improved after the application of inquiry-based learning in the biology unit ‘Systems in
our Body’ and, because of a qualitative data analysis, the students could see the skills they had developed
following their inquiry-based learning (Yerlikaya, 2019). In another study, students found doing

41



Sakarya University Journal of Education, 15(1) 2025, 40-53

research fun, although their teachers did not give them research assignments. The perceptions of pre-
service science teachers toward scientific process skills, their attitudes toward the laboratory, and their
academic achievements were positively affected by the inquiry-based learning practices in the
Chemistry Laboratory-II course they taught (Unal, 2018). In the general physics course, a guided
inquiry-based set of lessons on electrical current and simple electrical circuits was made and, although
it had a positive effect on academic achievement, the prospective teachers did not trust the knowledge
obtained at the end of the inquiry process (Yetisir, 2016). In Giiler and Sahin (2018), a group of pre-
service teachers had positive views about the inquiry process. An inquiry-based teaching strategy
positively improved their conceptual learning and academic self-efficacy (Kayacan & Selvi, 2017). In
another study, a set of teacher guidance materials (TGMs) was developed in which the stages and
principles for the implementation of the guided inquiry-based teaching approach were emphasized. In
another study, a set of TGMs was developed for a guided inquiry-based teaching approach (Saka, 2018).
The activities in the sixth-grade science textbook, which was prepared based on the inquiry-based
learning approach of the science curriculum, were analyzed using the scale of the requirements of the
inquiry-based learning model. It was determined that it did not fully meet the requirements of the
criteria determined in the scale (Sarioglan et al., 2016). However, it is essential to integrate this method
effectively. Studies have shown that teachers' attitudes, self-efficacy, and the appropriateness of the
activities for inquiry-based learning are crucial factors (Acikgoz et al, 2018; Dobber et al, 2017;
Sarioglan et al., 2016; Cleovoulou & Beach, 2019). Therefore, it is important to support teachers to
understand inquiry-based learning and use it to design lessons (Inoue et al., 2019; Teig et al,, 2018;
Villardon-Gallego, 2016; Saka, 2018). Planned, programmed, and systematic teaching experiences
organized in schools create an important dimension of the education process (Can, 1998). In this
context, teachers in charge and teacher candidates should have knowledge of and experience in the
effectiveness of Al in creating lesson plans.

1.2. Lesson planning and Al

For a teacher, in line with the objectives of the program,; it is an important professional competence to
regulate content, educational situations, and testing situations in the most effective way for students
(Yildirim & Yildirim, 2020). Lesson planning directs a teacher to the right path to achieve predetermined
goals. [t also helps the teacher in evaluating himself to implement techniques and strategies at a further
level (Khan & Elixir, 2011). By specifying instructional objectives, teachers define their purposes in
terms that are clear and understandable. Well-written instructional objectives enable teachers to plan
and implement their instructional strategies. Planning is arguably the most crucial task a teacher
undertakes. As new teaching scenarios emerge, planning skills will remain a vital aspect of every
teacher's professional life. (Cooper, 2011). Regarding science education, a well-structured lesson plan
provides students with a deep understanding of scientific concepts, develops their critical thinking and
problem-solving skills, and encourages them to actively participate in the scientific process (Krajcik &
Czerniak, 2014).

Given the importance of lesson planning in reaching educational objectives and the challenges teachers
encounter in this process, there is a need for more innovative approaches to simplify it. One possible
solution is to leverage the assistance of Al (Celik et al., 2022; Cooper, 2023; Zawacki-Richter et al., 2019).
Teaching is a complex, cognitively demanding, and highly creative process; Al technologies can be
utilized to support competency-based learning and to enhance teachers' creativity as they plan their
lessons (Pender et al., 2022). In particular, Al applications provide basic frameworks and materials that
can save teachers time while also adapting to the diverse needs of students and educators. Reflecting on
activities created by ChatGPT can help broaden teachers' perspectives and inspire creativity by offering
various approaches to teaching a specific topic. These suggestions can encourage teachers to think
outside the box and consider new and innovative ways to engage their students in the learning process
(Van den Berg & du Plessis, 2023).
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Recognizing the challenges teachers face in lesson planning, it becomes evident that Al's evolving
capabilities offer a promising avenue to address these difficulties and enhance educational outcomes. In
other words, the integration of Al in educational settings not only enables personalized learning
experiences but also supports educators by lighting their workload (Luckin et al., 2016). For instance,
prior research has shown that Al can aid teachers in planning and delivering lessons (Celik et al., 2022;
Zawacki-Richter et al.,, 2019). An example of Al's influence on educational planning is found in Cooper's
(2023) study, which explored ChatGPT's role in science education pedagogy. According to his research,
when asked about effective science teaching strategies, ChatGPT responded consistent with established
research. Moreover, the Al tool was tasked with creating instructional units, and the resulting content
proved valuable for educators. This example highlights how Al applications can offer both practical and
theoretical support, particularly in essential areas like lesson planning. Hence, the purpose of this study
is to investigate how Al can design inquiry-based lesson plans for middle-school science courses. For
this aim, the research question below was asked:

- To what extent do Al-generated inquiry-based lesson plans meet the standards of quality in
terms of design and content?

2. Method
2.1. Research design

The present research is designed as an exploratory study. Exploratory research is a critical method used
when a problem or context lacks clear definition or comprehension. It serves as an initial investigation
to gather more information and gain a deeper understanding of the key issues or opportunities before
starting more structured research projects. The primary goal of this type of research is to identify
patterns, theories, or understandings rather than reach a conclusion (Creswell, 2014). Additionally, the
current study utilized a self-study methodology to achieve its objectives. This methodology emphasizes
the researcher's practices and places a strong emphasis on analyzing one's own experiences to gain new
perspectives and make improvements (Hamilton et al., 2009).

2.2. Lesson plans

The purpose of this study was to examine the effectiveness of Al in creating inquiry-based lesson plans
for science education. To achieve this goal, we investigated the science curriculum for middle-school
students in Tiirkiye. The topic of 'Matter and its Nature' was then discussed as the subject of the case.
All the concepts for each grade are presented in Table 1.

Table 1

Concepts of ‘Matter and Its Nature for Each Grade

Grade  Topic Hour Concepts

Melting, freezing, boiling, condensation, evaporation,

h f fM . . .
Change of State of Matter 6 sublimation, condensation

Distinguishing Properties of

5 Matter 6 Melting and freezing point, boiling point
Heat and Temperature 7 Heat, temperature, heat exchange
Heat Affects Substances 7 Expansion, contraction
Particle Structure of Matter 6 Particle structure, hollow structure, moving structure
Intensity 8 Density, density unit
6 .. . .
Matter and Heat 3 Tl“hermgl COHdUCtI.Vlty, .thermal ' insulation, thermal
insulation, thermal insulation materials
Fuels 6 Solid fuels, liquid fuels, gaseous fuels, renewable and non-

renewable energy sources
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Table 1 (Continued)

Atom (nucleus, layer, proton, neutron, electron), property

Particle Structure of Matter 6 .
of scientific knowledge, molecule
Pure Substances 6 Element, symbols of elements, compound, compound
formulas
7 Homogeneous mixture, solution (solute, solvent),
Mixtures 6 heterogeneous mixture, dissolution, factors affecting
dissolution rate
Separation of Mixtures 4 Evaporation, density difference, distillation
Household Waste and 6 Domestic solid waste materials, domestic liquid waste
Recycling materials, recycling, reuse
Periodic System 4 Group, period, classification of periodic system
Physical and Chemical . .
y 4 Physical change, chemical change
Changes
Chemical Reactions 3 Occurrence of chemical reactions, conservation of mass
Acids and Bases 8 Acids, bases, pH, acid rain, solutions against acid rain
8 gg::actlon of Matter with 5 Factors related to heat and self-heat
Imported chemical products, exported chemical products,
. e 1 official rivate institutions that contribute to the
Chemical Industry in Tirkiye 4 / P

development of the chemical industry in our country,
chemistry-based professions

ChatGPT-4 was used to create the lesson plans. GPT-4 (generative pre-trained transformer) is a type of
generative Al language model created by OpenAl (OpenAl, 2023). Then, after providing details on grade
levels, time allocated, and learning outcomes, the program was asked to create lesson plans that were
appropriate for inquiry-based learning. Specifically, the prompt "Please create lesson plans that are
appropriate for inquiry-based learning, considering the provided grade levels, time allocated, and
learning outcomes" was provided to GPT-4. An example of the prompt given and the lesson plans created

is presented below, in Figure 1 and in Table 2, respectively.

Figure 1
Example of a Prompt Given to ChatGPT

ChatGPT

&

Please create lesson plans that are appropriate for inquiry-based
learning, considering the provided grade levels, time allocated, and
learning outcomes.

Grade 5.

F.5.4.1. Change of State of Matter Recommended Duration: 6 class
hours Subject / Concepts: Melting, freezing, boiling, condensation,
evaporation, sublimation, condensation

F.5.4.1.1. Makes inferences based on the data obtained from the
experiments that substances can change state under the influence of
heat. The basic difference between evaporation and boiling is
explained by stating that liquids evaporate at any temperature but boil
at certain temperatures.

Inquiry-Based Lesson Plan: Change of State of Matter (Grade 5)
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Table 2

Lesson Plan Example Generated by ChatGPT

Learning outcome

Subject

Grade

Recommended Period
Concepts

1. Lesson Hour:
Introduction and Basic
Concepts

2. Lesson Hour: Discovery
of the Melting Point

3. Lesson Hour:
Investigation of Freezing
Point

4. Lesson Hour: Boiling
Point Research

5. Lesson Hour: Data
Collection and Analysis

6. Lesson Hour:
Presentation and
Evaluation

F.5.4.2.1. Determines the melting, freezing and boiling points of pure substances
as a result of his/her experiments. It is emphasized that melting, freezing and
boiling points are distinguishing features.
Distinctive Properties of Matter
5
6 lesson hours
Melting point, freezing point, boiling point
Discuss the three states of matter (solid, liquid, gas) and the main
reasons for transitions between these states.
Activities Present the basic definitions of melting, freezing and boiling
points and emphasize that these concepts are the distinguishing
properties of substances.
To explain the basic definitions and importance of melting,
freezing and boiling points to students.
Conduct melting point experiments using various pure
substances (e.g. ice, chocolate).
Have students record their observations and collect melting point
data.
Explore how melting point is a distinguishing property of
Purpose: substances and give students an active role in the experimentation
process.
Organize experiments to compare the freezing points of water and
saline solutions.
Ask students to record their freezing point observations and
results.
To show that the freezing point is a distinguishing property of
Purpose: pure substances and how it can vary depending on the
components of the solution.
Conduct experiments to observe the boiling points of different
liquids (water, salt water, alcohol).
Provide students with thermometers to record temperature
changes during boiling.
To examine that the boiling point is a distinguishing characteristic
Purpose: of substances and the effect of atmospheric pressure on the
boiling point.
Collect the data from the experiments carried out in the previous
lesson time.
Have students analyze their data in groups and determine the
melting, freezing and boiling points of each substance
To give students the opportunity to analyze data and draw
scientific conclusions.
In groups, give students the opportunity to present the results of
their experiments to the class.
Discuss as a class how melting, freezing and boiling points can be
used to distinguish substances.
To reinforce what students have learned and to share knowledge,
Purpose: and to emphasize the importance of melting, freezing and boiling
points.

Purpose:

Activities

Activities

Activities

Activities

Purpose:

Activities
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2.3. Rubric for evaluation

The "Guidelines for Assessing Inquiry-Based Lesson Plans"
(https://www.scribd.com/document/379702927 /P2P-Rubric), developed by Borda-Carulla and
Harmen (2012), were used to evaluate the lesson plans. This rubric is derived from those created by the
Fibonacci Project, which ran from 2010 to 2013. The Fibonacci Project aimed to widely promote inquiry-
based science and mathematics education across the European Union. The project involved developing
and testing a unified approach to inquiry-based teaching and learning in science and mathematics and
implementing a dissemination process with 12 reference centers and 24 twin centers throughout
Europe, tailored to local contexts (Fibonacci, 2012). The project developed three different rubrics on
inquiry-based learning for teachers through interviews with students and teachers, classroom
observations, etc. They then provided guidelines for evaluating inquiry-based lesson plans.

The rubric is designed to assess various aspects of inquiry-based learning-including instructional
practices, real-world connections, inquiry processes, collaboration, documentation, and evaluation
rubric uses a five-point scale (1 = notatall, 5 = completely). An examination of the rubric items, as shown
in Table 3, reveals that it comprehensively addresses all of the critical criteria needed to assess inquiry-
based learning processes, making it a relevant and thorough assessment tool. The clear and explicit
definitions of each criterion also ensure consistent understanding among evaluators and students, thus
facilitating objective assessments. Therefore, this rubric was used to evaluate the lesson plans in the
current study. While direct evidence validating this specific rubric is not available, its foundation in the
well-regarded Fibonacci Project, and its comprehensive coverage of inquiry-based learning criteria,
suggest that it is a suitable tool for evaluating inquiry-based lesson plans in this context.

Ideally, an evaluation should yield consistent results regardless of who performs the scoring, and the
outcomes should be similar regardless of the time and location of the assessment. However, achieving
this level of consistency is challenging. The greater the consistency of scores across different raters and
occasions, the more reliable the assessment is considered to be (Jonsson & Svingby, 2007). The
researchers of this study evaluated the lesson plans separately and the internal consistency coefficient,
measured using Cohen's Kappa, was calculated as .83. The items of the rubric can be seen in Table 3. The
Kappa statistic was developed to determine the degree of agreement between two raters scoring at the
classification level (Cohen, 1988). The Kappa statistic assumes these categorized objects or individuals
are independent, that raters’ scores are independent of each other, and that the scoring categories are
independent of each other (Brennen & Prediger, 1981).

3. Results

The lesson plans created by the Al were first analyzed with a focus on content. This involved a thorough
review of the training material by two experts to assess its relevance, accuracy, and comprehensiveness.
The aim was to ensure that the plans created by the Al accurately addressed the learning outcomes.
According to the findings, all the content of the lesson plans was aligned with the relevant objectives. In
addition, the lesson plans demonstrated a clear understanding of the subject matter and provided a
structured approach to achieve the intended learning outcomes.

To evaluate the lesson plans, the researchers used the Guidelines for Assessing Inquiry-based Lesson
Plans, developed by Borda-Carulla and Harmen (2012). The scoring matrix uses a 5-point scale and has
six dimensions. These were general, real-world connections, inquiry, collaboration, documentation, and
evaluation. The mean scores of the lesson plans for each criterion are presented in Table 3.
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Table 3

The Mean Scores of the Lesson Plans

Criteria Mean

General
The lesson plan is definitely an inquiry-based lesson and/or utilizes at least 1 of the methods

presented in this MOOC (e.g. writing to learn activities, the Notebook of Experience,
Philosophy for Children, the Experimenter Report - or a more general IBSE activity). 3.52

The lesson plan is clear, easy to understand and concise in its manner. 4.05

The lesson plan is well aligned with its learning outcomes: activities and assessment clearly
link with the defined learning outcomes and allow the teacher to determine by the end of the 4.81
lesson(s) if the objectives have been achieved. '

The lesson plan includes a good mix between inquiry, scaffolding for learning and hands-on
tasks where appropriate. There is a good mix of activities used and none of the activities take 386
up more than 35% of the time (see the Learning Designer pie chart for this). '

The learning design shows that students are offered regular, structured and authentic
feedback to improve the quality of their work. 2.86

Average 3.82
Real-world connections

The starting point of the lesson stimulates curiosity. For example, it is an activity for a science
lesson that relates to an expedition in the wild. 3.00

The learning is embedded in real world contexts (the task is connected to students’ lives) and

the activities allow students to understand how the procedures they learn are applied in real-

life situations. For example, a chemistry activity that utilizes everyday materials, which can be 4.14
found at home.

Average 3.57
Inquiry
The teacher facilitates students’ development by allowing them to explore and develop their
own ideas and ask questions about the task at hand. 3.86

Students are encouraged to carry out an investigation. For example, they are actively involved
in collecting information (either from real objects or from secondary sources such as books, 4.52
posters, websites). '

Students are encouraged to draw conclusions, check their results, compare results with

predictions and document their progress. 4.48

Average 4.29
Collaboration

The instruction time is well balanced between whole group and small group instruction,
including a good mixture between individual and team work. 3.62

The lesson includes group discussions, in which pupils can freely express their thoughts and

ask questions. 4.57

Average 4.1

Documentation
The lesson makes sure that observation and data are recorded and collected in a systematic 414
way.
Students are encouraged to present their findings to the class. 4.62
Average 438
Evaluation

The lesson plan clearly indicates that the class has a chance to evaluate the inquiry activity
together. 3.62
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As can be seen in Table 3, the overall mean score of the evaluation was 3.82. Of the six dimensions, real-
world connections had the lowest mean score of 3.57, and documentation had the highest mean score
of 4.38. In terms of items, the highest score belonged to 'The lesson plan is well aligned with its learning
outcomes: activities and assessment are linked to the defined learning outcomes and allow the teacher
to determine at the end of the lesson(s) whether the objectives have been achieved' with 4.81.
Encouraging students to present the results of the lesson followed with an average of 4.62. Meanwhile,
‘The learning design shows that students are offered regular, structured and authentic feedback to
improve the quality of their work’ had the lowest score.

4. Discussion

This study aimed to investigate if ChatGPT could generate inquiry-based lesson plans for middle-school
science courses in a Turkish context. To achieve this, an exploratory research design was adopted. The
topic of '"Matter and its Nature' was chosen as the subject of the case. ChatGPT was asked to create lesson
plans based on the objectives and duration of the lessons. Then, the plans were evaluated by the
researchers considering the rubric developed by Borda-Carulla and Harmen (2012). According to the
findings, there were both strengths and areas for improvement in Al-generated lesson plans.

The Al-generated lesson plans showed a high degree of alighment with learning outcomes (M=4.81) and
the promotion of inquiry (M=4.29). This may indicate that the activities that were generated by ChatGPT
were effectively designed to achieve the objectives and were accessible to users. Furthermore, it reflects
that the lesson plans were successful in encouraging students to investigate and explore. This means
that Al can generate educational materials and design lessons considering educational outcomes for an
inquiry-based learning environment. This finding is consistent with the relevant literature. For example,
studies by Cooper (2023) have shown that Al systems can design lesson plans that adhere to curriculum
goals and promote inquiry, albeit with variations depending on the Al's training and context of use.

The moderate score in real-world connections (M=4.14) and student engagement (M=3.00) highlights a
gap, which is also reflected in some national and international research. In Tiirkiye, research such as
Celik (2019) suggests that while Al-generated content can be contextually relevant, it often lacks the
depth needed to deeply engage students with real-world applications. Similarly, research by Hattie
(2009) emphasizes that engaging students in real-world contexts is crucial for effective learning, and Al
systems may need more sophisticated mechanisms to enhance this aspect. Furthermore, the moderate
success in promoting collaborative learning (M=4.1) is consistent with findings in the literature that Al
can facilitate collaborative environments, but there is room for improvement. This suggests that Al-
generated lesson plans may require enhanced features to foster more meaningful and productive
collaborative experiences. Integrating more advanced collaborative tools and real-world scenarios into
Al-generated content could help bridge these gaps and better support rich learning experiences.

Another dimension in which the plans were successful was documentation (M=4.38). In other words,
the lesson plans generally emphasized that students recorded and presented their findings, which is
also an essential skill of scientific inquiry. The dimension of evaluation assessed the evaluation of the
activity. The mean score of this dimension was 3.62, which suggests that the lesson plans provided
moderate opportunities to evaluate the activities and needed improvement, perhaps by adding
reflective activities. Meanwhile, the lowest score for the general dimensions concerned feedback
(M=2.86) and indicated that there was a need for improvement in the lesson plans regarding providing
feedback to students. The low score suggests the importance of improving Al to integrate more
comprehensive feedback mechanisms into plans while designing an inquiry-based science course.

To sum up, the lesson plans generated by ChatGPT generally received moderate or high scores from the
Guidelines for Assessing Inquiry-based Lesson Plans rubric. Aligning with learning outcomes,
encouraging real-world connections, promoting inquiry, and encouraging collaboration and
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documentation were the strengths of the lesson plans. These features suggest that such lesson plans
could aid teachers in creating effective inquiry-based learning environments. It is also important to
consider that there are studies which suggest a positive relationship between inquiry-based learning
and students’ positive outcomes (e.g., Suduc et al,, 2015; Unli, 2015). However, integrating inquiry-
based learning effectively is crucial, and teachers need support in this area (Dobber et al, 2017;
Sarioglan et al,, 2016; Cleovoulou & Beach, 2019). The findings of this study support that Al has the
potential to develop inquiry-based lesson plans. Nevertheless, the provision of feedback and the
inclusion of more starting points for curiosity are areas for improvement. Integrating feedback into
students’ work was the weakest part of the lesson plans. It is important to note that ChatGPT was not
specifically trained in the current study. In future studies, it may be helpful to train an Al model to
generate more rounded plans.
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