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This study aims to prepare statistics activity-targeting comprehension of the arithmetic mean, 
consisting of worked-out example explanations through ChatGPT for sixth graders; determine 
situations encountered during the implementation of the activity; ascertain the effect of the activity on 
students’ mathematics problem-solving performance; and obtain students’ perception about the 
activity. The embedded design was used in this study. A one-group pre-test-post-test design was 
employed to assess the situations experienced during the activity and its effectiveness. Additionally, a 
generic qualitative inquiry was conducted to understand the students' perceptions of the activity. 
Thirteen sixth-grade students were involved in the study. In addition to the activity developed, a 
mathematics performance test and a reflection paper were used to obtain data. As a result, ChatGPT 
assists students in solving problems through step-by-step explanations. The activity, which utilized 
ChatGPT-based explanations as a worked-out example, was statistically significant in improving 
students’ mathematics problem-solving performance. Additionally, it was found to be enjoyable, 
informative, and beneficial for students’ learning. However, ChatGPT distorted the given mathematics 
problem or tables in the problem and displayed incorrect explanations or solved mathematics problems 
by including a topic that the students had not learned, even though it was stated in the prompt.  
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Introduction 

ChatGPT is an application used by many people in daily life and is a tool that has been frequently used 
in educational studies and whose effectiveness has been studied (Egara & Mosimege, 2024; Ji et al., 
2023; Marcus & Lindvall, 2024; Taani & Alabidi, 2024). ChatGPT is a text-based application that 
responds to prompts with explanations and, when combined with worked-out example instruction, is 
suitable for use in mathematics education. Using worked-out examples supports students' learning and 
increases their problem-solving achievement (Chandler & Sweller, 1991; Cooper & Sweller, 1987; 
Gökdeniz Tahiroğlu, 2023; Özcan, 2024; Özcan et al., 2018; Sweller & Cooper, 1985). Using worked-
out examples is beneficial for reducing students' mental workload by increasing their intrinsic and 
germane cognitive loads and decreasing their extraneous loads (Ayres, 2012). Using worked-out 
examples helps students understand topics they struggle with more easily (Özcan, 2024).  

Statistics is often perceived as a complex and challenging subject for students (Fitzmaurice et al., 
2014; Watts, 1991), especially at higher education level. This may be due to a lack of meaningful 
learning about statistical concepts at a young age. In addition, while statistical literacy is an important 
type of literacy that plays a role in daily life (Ben-Zvi & Garfield, 2004; Watson, 2006), research has 
also shown that students' statistical literacy or reasoning levels are not advanced  (Aydın, 2019; Özbay, 
2012; Vural, 2020; Yolcu, 2012; Zora, 2019). Therefore, it would be beneficial for students to use 
worked-out examples that reduce cognitive load while simultaneously facilitating meaningful learning. 
However, with developing technology, teachers can also utilize generative artificial intelligence (AI) 
to accelerate this process. As in this study, designing a statistical activity that helps students to 
comprehend the concept of arithmetic mean, a fundamental concept in statistics, as well as integrating 
AI and a worked-out example into this activity besides carrying out a process and observing the results 
presents an important finding in the literature. 

Worked-out Examples 

Worked-out examples are a type of direct instruction in which a step-by-step solution to a problem or 
activity is presented (Ayres, 2012; Mcginn et al., 2015). The use of worked-out examples in learning 
differs positively from different types of problem solving, such as solving a large number of examples 
(Chandler & Sweller, 1991), and is especially recommended as it is effective in learning (Cooper & 
Sweller, 1987; Sweller & Cooper, 1985; Zhu & Simon, 1987). When worked-out examples are used, 
students’ success in solving similar problems and students' conceptual understanding increase (Booth 
et al., 2013; Dağseven Emecen, 2020; Gökdeniz Tahiroğlu, 2023; Özcan, 2024; Retnowati et al., 2010; 
Sweller & Cooper, 1985), minimize errors in problem solving (Özcan et al., 2018; Sweller & Cooper, 
1985), lead to successful results in transfer problems (Cooper & Sweller, 1987; Özcan, 2024; 
Retnowati et al., 2010), and reduce the cognitive load of students (Pass et al., 1994; van Gog et al., 
2010, 2011). Paas (1992) compared three different methods (i.e., conventional, worked-out, and 
worked-out with completion) in his study of measures of central tendency in a statistical subject with 
high school students and found that the two methods, which used worked examples, were more 
effective than the conventional method in solving transfer problems and required less mental effort. 
Using worked-out examples in a statistics course not only improves students’ statistical reasoning 
skills but also increases their confidence in succeeding in learning (Jin et al., 2011).  Among the 
different methods used by university students in an introductory statistics course, worked-out examples 
were also found to be more effective in learning and to result in lower cognitive load on students 
(Newman & Decaro, 2019). As a result, the relevance of worked-out examples to the cognitive load 
theory becomes apparent. 
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Cognitive Load Theory  

Worked-out examples are based on the cognitive load theory (CLT) because the way in which worked-
out examples are presented focuses the learner's attention, reduces mental workload, and therefore 
facilitates learning (Cooper & Sweller, 1987). When students are working on solving a problem, their 
minds are working on how to solve it, which leads to an increase in their working memory load 
(Ayres, 2012), but worked-out examples already include the presentation of the solution from each 
step to the next step at this point, helping students to concentrate on what they really need to learn 
(Ayres, 2012). Other instructional formats may cause learners to focus on different points rather than 
focusing on what they need to learn, leading to an increase in cognitive load, which can be experienced 
in different types of cognitive load. Cognitive load theory deals with the cognitive resources used 
during learning and problem solving (Chandler & Sweller, 1991) and how instruction should be 
planned to maximize learners' performance (Sweller, 2012). According to this theory, trying to focus 
on more than one point at the same time can make learning more difficult because it increases the 
working memory load (Sweller et al., 2011). 

According to CLT, there are three types of cognitive loads: a) intrinsic, b) extraneous, and c) germane. 
Intrinsic CL is related to the complexity of the information and material to be learned, and in order for 
it to alter, changes need to be made in the learning itself or in what is learned (Sweller, 2010). It is 
determined by the quantity of interacting information elements in the task or material being learned 
(Leppink et al., 2014; Sweller, 2010). Low element interactivity produces low working memory load, 
when things learned without referring to other elements fall into this group; and someone who is 
learning a new information, that is, a novice learner, may have to process more than one element at a 
time, whereas an advanced learner stores information as more than one element integrated and 
experiences a lower working memory load (Sweller, 2010). In addition to the complexity of the 
material to be learned, another point that affects working memory load is instructional procedures, and 
improper organization of these procedures (i.e., nonoptimal) creates extraneous CL (Sweller, 2010). 
Extraneous CL is undesirable because focusing on an element other than the learning situation results 
in extraneous CL (Sweller, 2010). Another type of CL is germane CL, which is only related to the 
learner's characteristics. The importance of this lies in how much the learner prioritizes working 
memory resources for the learning material (Sweller, 2010). Therefore, when designing learning 
materials, the aim is to optimize intrinsic CL, reduce extraneous CL, and enable the emergence of 
germane CL, which will help learners construct their cognitive schema (Leppink et al., 2014). At this 
point, the importance of worked-out examples emerges because they contribute to schema formation 
by reducing extraneous CL and allocating space for germane CL (Ayres, 2012). 

ChatGPT and Worked-out Examples 

ChatGPT is a large language model (LLM), which is a form of artificial intelligence that processes and 
produces textual data (Jury et al., 2024; Naveed et al., 2025) from OpenAI that has reached a wide 
audience (Jury et al., 2024; Wright, 2023). In a study where LLMs were used to prepare worked-out 
examples in computer science education, it was mentioned that worked-out examples were used as an 
effective teaching method, but these models were used because they were difficult to prepare by 
instructors (Marcus & Lindvall, 2024). Marcus and Lindvall (2024) concluded in their study that the 
solved examples produced by LLMs were at a level where some minor modifications were needed and 
that they produced good-quality examples and results. Similarly, in a study, researchers found that 
LLMs in an introductory programming course produced good-quality code explanations, especially for 
novice users; therefore, they developed and used a tool called 'WorkedGen' to produce worked-out 
examples (Jury et al., 2024). As a result, they concluded that it contained good explanations and was 
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beneficial for learning (Jury et al., 2024). In a study where a ChatGPT-supported collaborative 
learning environment was provided, it was found that teacher candidates' STEM learning performance 
increased and their cognitive load decreased (Ji et al., 2023). ChatGPT is used by mathematics and 
science teachers to support problem-solving, example generation, and explanations of the subject 
(Taani & Alabidi, 2024), but it is not a tool that mathematics teachers widely use. However, when it is 
used, it increases teaching effectiveness, facilitates the understanding of complex concepts, and 
ensures student engagement (Egara & Mosimege, 2024), and improves students' motivation to learn 
mathematics (Almarashdi et al., 2024). In a study comparing the answers given by students to 
questions in chemistry class with the answers given by ChatGPT, it was concluded that ChatGPT gave 
explanations like worked-out examples in chemistry textbooks and, unlike students, provided detailed, 
long, and good conceptualization (Clark et al., 2023). Considering these studies, the use of a publicly 
available LLM platform such as ChatGPT in generating worked-out examples in mathematics, a field 
where worked-out examples are widely used, can both save teachers’ time and be beneficial for 
students to use for their own learning, not only in the classroom but also in other areas. Likewise, in a 
study examining how good a mathematics teacher ChatGPT could be, it was determined that all of the 
lesson plans prepared by ChatGPT included worked-out examples (Cameron & Mesiti, 2024). Since 
the performance of LLMs depends on the quality of the prompts entered (Hassany et al., 2024), it is 
important to take into account that the prompts should be entered in accordance with the students' 
levels if a good performance in solving mathematical problems is desired. 

When the importance of worked-out examples on students’ achievement, the popularity of ChatGPT 
usage in education, and its possibility to reduce students’ cognitive load during problem-solving 
activities are considered, preparing an activity including ChatGPT as a tool for worked-out example 
explanation and determining its effectiveness could give educators information about the future use of 
this tool in their classroom. Therefore, this study aims to prepare statistics activity-targeting 
comprehension of arithmetic mean consisting of worked-out example explanations through ChatGPT; 
determine situations encountered during the implementation of the activity; ascertain the effect of the 
activity on students’ mathematics problem-solving performance; and obtain students’ perception about 
the activity.  

Method 

The embedded design (Creswell, 2012), a type of mixed methods design, was used in the study. One 
group pretest-posttest design, a weak experimental research design, was used as the quantitative 
approach; a generic qualitative inquiry was used to support quantitative results. Generic qualitative 
inquiry is a study in which known qualitative research approaches (case study, etc.) are not chosen, but 
instead an answer to the research question is sought using qualitative methods due to their nature 
(Patton, 2015; Sayın et al., 2022).  

Study Group 

The study group consisted of 13 sixth-grade students (n=7 male; n=6 female). The study was 
conducted at a middle school in the Üsküdar district of Istanbul. A convenience sampling technique 
was used to select participants who were easy to reach (Büyüköztürk et al., 2024; Johnson & 
Christensen, 2014). The researcher's ease of access to the students, strong communication with the 
mathematics teacher, and the school administration's emphasis on scientific research practices were all 
factors considered in selecting this group. 
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Preparation of the Activity  

Worked-out examples are used both to ensure that students learn meaningfully about a topic or concept 
that they will learn for the first time, and in cases where the teaching process has been carried out 
before, but students still have difficulty in making sense of it and solving the questions (Özcan, 2024). 
Before implementing the activity, the mathematics teacher taught a lesson covering the 2018 
Mathematics curriculum standard “M.6.4.2.2. (Student) Calculates and interprets the arithmetic mean 
of a data group” belonging to the data analysis subdomain (Milli Eğitim Bakanlığı [MoNE], 2018, p. 
64).  

At this point, during the activity preparation process, the mathematics teacher was first contacted to 
obtain information about the types of questions the students had difficulty with regarding the 
arithmetic mean, one of the statistics concepts. It was learned that students have more difficulty with 
far transfer problems than with instructional and near transfer problems that require operational 
knowledge about the average (Paas, 1992). One of the 6th-grade skill-based questions developed and 
made available openly by the Ministry of National Education (MoNE) General Directorate of 
Measurement, Evaluation and Exam Services (MEES) was purposefully selected and presented to the 
mathematics teacher for his/her opinion. Considering that students struggle to solve such questions, 
activity questions were prepared by taking inspiration from questions prepared by the Mone MEES 
and modifying their context.  

Another reason for choosing the skill-based questions prepared by the Mone MEES is that the 
questions in these resources were validated by experts and made available for open access. The 
questions in the prepared activity sheet were presented to a mathematics teacher and a mathematics 
education expert for their opinions, and they were asked to evaluate whether the questions were related 
to the mathematics standard, appropriate for the grade level, and in terms of appearance, thus ensuring 
content and face validity. After deciding on the suitability of the questions, the instructions for entering 
the prompts into ChatGPT were prepared in order to obtain worked-out examples with ChatGPT based 
explanations. There were several considerations at this point. First, the instructions in the activity sheet 
were prepared assuming that the students had never used ChatGPT before. Thus, instead of entering 
the question as a text prompt, attention was paid to first taking a picture of the question with the phone 
camera and then including explanations on how to upload it to ChatGPT. The aim was to prevent 
students from entering incomplete or incorrect information in the question when using text form, as 
this could impact the question's solution. Secondly, there was the possibility that ChatGPT would offer 
a solution using a concept or procedure that was not appropriate for the student's grade level, that is, a 
concept or procedure that the students had not yet learned (e.g., forming and solving equations).  

Before the implementation of the activity, it was known that the subjects of operations with natural 
numbers and fractions, decimal representation, ratio, algebraic expressions, mass measurement, and 
data analysis were taught in the classroom. It was notable that 6th-grade students were unfamiliar with 
setting up and solving first-degree equations with one unknown because this topic is included in the 
7th-grade mathematics curriculum in Türkiye. To prevent the possibility of ChatGPT providing a 
solution that is not appropriate for the student's grade level, special attention was paid to informing the 
students that they were 6th-grade students and did not know how to form equations in the ChatGPT 
prompt.  

The third issue was that the prompt entry into LLMs should be arranged in a way that serves the 
purpose (Hassany et al., 2024). At this point, due to the need for the explanations on the ChatGPT 
screen to be explanations like the worked-out examples, in the prompt entered into ChatGPT, it was 
necessary to be careful to organize the entered prompt in case ChatGPT made the explanation of the 
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problem short, incomplete, or solved the question directly. Therefore, another point that was taken into 
consideration in the instructions given to ChatGPT was the request to explain the problem verbally, 
step by step, to ensure that it included explanations of the solution. Finally, an instruction was given on 
the activity sheet asking the students to examine the explanations and solution steps made by ChatGPT 
in detail. Before the activity was implemented in the classroom, the students' mathematics teachers 
were contacted and informed that the students would use their mobile phones in mathematics class. In 
addition, since students needed to create an account to upload the photo of the mathematics problem to 
ChatGPT, and because students might not have used an account before, the researcher prepared email 
addresses and passwords the day before.  

Ethics committee approval was obtained for the study with the decision of the Social and Human 
Sciences Ethics Committee of Istanbul Medeniyet University dated 07/01/2025 and numbered 
2025/06. 

Implementation of the Activity  

Before the activity was implemented, a pre-test consisting of an open-ended question inspired by a 
skill-based question prepared by MoNe MEES was administered in order to determine the effect of the 
application on the students' performance in the far-transfer questions. After the pre-test application, 
students were asked what they knew about ChatGPT and whether they had used it before, as an 
introductory phase. Afterwards, students were given their phones and instructed to follow only the 
activity sheet's instructions, using their phones only for ChatGPT. Some students had ChatGPT 
installed on their mobile phones and used the application for transactions, while others accessed the 
ChatGPT screen through a web browser. The version of ChatGPT the students used was the free 
version of ChatGPT-4o. All students logged in with their email addresses and were ready to follow the 
instructions on the activity sheet. Activity sheets (Figures 1-2) were distributed, and the researcher first 
introduced the steps and prompts on the activity sheet (see Appendix A for Turkish). The students 
were then left alone with their mobile phones to practice the steps on the activity sheet. After the first 
activity was completed, a second activity sheet was distributed, and students repeated the same 
process. 

Students experiencing technical difficulties were addressed individually and resolved. After the 
implementation of the activity, a post-test was administered to determine students' performance on far-
transfer questions related to the concept of arithmetic mean using worked-out examples with 
ChatGPT-based explanations. Finally, the in-class implementation was concluded by distributing 
reflection papers to determine students' perceptions of the activity. 
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Figure 1 

ChatGPT-Based Statistics Activity Sheet I 
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Figure 2 

ChatGPT Based Statistics Activity Sheet II 
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Data Collection Tools 

Mathematics Performance Test 

This test, consisting of an open-ended question, was created by the researcher to measure the effect of 
the worked-out examples with ChatGPT-based explanations activity on students' mathematics 
problem-solving performance about the arithmetic mean concept. While creating this test, it was taken 
into account that students had difficulty with far-transfer questions regarding the concept of the 
arithmetic mean. The question regarding the acquisition of calculating and interpreting the arithmetic 
mean in the skill-based tests for 6th graders, prepared as support material by MoNE MEES, was taken 
into consideration, and an open-ended question was created inspired by the question in this multiple-
choice test. In the 2023 education vision, the programs aimed to develop students' high-level skills and 
to provide multiple materials that will enable the development of these skills (MoNE, 2019). For this 
purpose, skill-based questions, which start with a scenario or situation and are supported by pictures, 
tables, or examples (Selçuk, 2020), and which require the analysis of which mathematical knowledge 
and skills are used in the situation presented, in addition to the procedural skills, have become 
widespread since 2019 (Gürbuz Us & Ercan Güven, 2022). The reason for using skill-based questions, 
which are openly available to MoNE MEES, is that experts prepared the questions, and they have been 
validly and reliably prepared. In order to obtain the content and face validity of the question, whose 
context was preserved but whose data was changed and turned into an open-ended question by the 
researcher, a table of specifications was created, including a single standard (i.e., learning outcome), 
and opinions were received from a middle school mathematics teacher and an associate professor of 
mathematics education. When calculating the students' test scores, a holistic scoring rubric was used as 
follows: no solution or incorrect solution, 0 points; partial solution using the given information in the 
problem but without using the arithmetic mean, 5 points; complete and correct solution using the given 
information in the problem and the arithmetic mean, 10 points. 

Reflection Paper 

A four-question reflection paper was prepared to gather students' perceptions on statistics activities 
consisting of worked-out examples with ChatGPT-based explanations. The reflection paper, collected 
from students at the end of the activity, aimed to identify students' perceptions of the activity's 
effectiveness, the application’s practicality, and any challenges during the implementation. 

Data Analysis 

In order to examine the effects of statistics activities consisting of worked-out examples with 
ChatGPT-based explanations on students’ mathematics problem-solving performance, the distributions 
of pre-test and post-test scores were examined regarding normality. According to the Shapiro-Wilk test 
for normality, it was found that both pre- and post-test scores were not normally distributed, p=.001 
and p=.009, respectively. Therefore, to analyze the differences in students' pre- and post-test scores, 
the Wilcoxon Signed Rank test was used as a non-parametric test for statistical hypothesis testing. 
Additionally, the responses on the reflection papers collected from students at the end of the activity 
were analyzed through content analysis. The researcher and another mathematics education researcher 
initially created codes using open coding, and a 95% agreement rate was found. Two researchers then 
identified categories and finalized the themes. 

Results 

In this section, the assistance and shortcomings of statistics activity consisting of worked-out examples 
with ChatGPT-based explanations, the effect of implementation of this activity on students' 
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mathematics problem-solving performance, and the students' perceptions of this process are presented 
under three headings. 

Assistance and Shortcomings of ChatGPT-Based Explanations  

The most important point that attracted attention during the activity was to ensure that the photos were 
clear and readable by the application when entering them into ChatGPT. Most of the students did not 
have any problems with the explanations given by ChatGPT regarding the solution of the mathematics 
problem if they first took a photo of the mathematics problem with their phones, edited the photo 
according to the instructions on the activity sheet, that is, excluding the parts other than the 
mathematics problem if any, and uploaded it to the application. In this case, most of the students 
examined worked-out examples with ChatGPT-based explanations for both activities without any 
problems and took notes on their activity sheets. A sample screenshot of the solution for the first 
activity, taken from a student's ChatGPT account, is presented (see Appendix A). In addition, it 
included explanations that will recall the student's schema regarding the mathematical concept in the 
mathematics problem with a simpler, similar question (see Figure 3). These were the findings about 
the assistance of ChatGPT-based explanations.  

 

 

Note. To help you better understand this reasoning, 

here’s a short guiding question: If half of something is 

600 grams, how many grams is the whole? With this 

kind of thinking, you can solve these questions very 

easily! 

Figure 3 

Example of Simplification of the Problem by ChatGPT 

 

However, during the activity, some students reported difficulties with the solution explanations 
provided when they uploaded mathematics problems to ChatGPT. These difficulties were: a) issues 
that occured when the photo uploaded to the application for this activity is not uploaded according to 
the instructions stated in the activity sheet; b) ChatGPT did not read the table in the mathematical 
problem correctly, even though the photo was uploaded according to the instructions; c) it produced 
some explanations that did not exist in the mathematical problem; and d) although the instruction 
specifically asks not to establish equations in solving mathematical problems, it contained explanations 
for forming and solving equations. Figure 4 shows a screenshot of the ChatGPT screen of a student 
who uploaded an image to ChatGPT without following the instructions. Because this student did not 
upload an image according to the instructions, ChatGPT rendered the table in the mathematics problem 
incorrectly. 
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Figure 4 

A Screenshot of ChatGPT with the Wrong Photo Uploaded 

 

Even though students uploaded the correct photo of the mathematics problem, ChatGPT failed to 
process the problem correctly. For example, two screenshots showing two different students' 
incorrectly tabulated mathematics problems are presented in Figure 5. 

 

 

Note. Translation of the first figure: Mehmet went shopping three times. Each time, he 

bought walnuts in their shells and noted down the amount of walnut kernels he obtained. 

The given table: 1st Shopping- 800 gr walnuts in their shells, 300 gr walnut kernels; 2nd 

shopping- 900 gr walnuts in their shells, 360 gr walnut kernels; 3rd shopping- 600 gr 

walnuts in their shells, ? gr walnut kernels. Translation of the second figure: He cracked 

these walnuts and measured how many grams of walnut kernels came out. The following 

table is given: 1st Shopping- 800 gr walnuts in their shells, 300 gr walnut kernels; 2nd 

shopping- 1000 gr walnuts in their shells, 500 gr walnut kernels; 3rd shopping- ? gr 

walnuts in their shells, 600 gr walnut kernels. 

Figure 5 

Examples of the Table in the Mathematics Problem Rendered by ChatGPT 
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The table in the mathematical problem in Figure 1 indicates that the first purchase includes 800 grams 
of walnuts in shell, and the second purchase includes 300 grams of walnut kernel. However, as seen in 
Figure 5, ChatGPT wrote 300 grams of walnut kernel in the first purchase row in both examples. 
Another numerical value in the problem, 600, which is the arithmetic mean of in-shell walnuts 
obtained from three purchases, was randomly placed in the third purchase row in both examples, as 
seen in Figure 5. It appears that the other numbers in the problem (i.e., 1000 and 500) are incorrectly 
placed on the line representing the second purchase. It was noticed that the numbers 900 and 360 in the 
other student's solution were processed randomly. Another shortcoming was that the mathematics 
problem was detected incorrectly by ChatGPT (see Figure 6). Although the explanations proceed step 
by step, just like in the worked-out examples, and the meaning of each step is defined, as seen in 
Figure 6, ChatGPT's misunderstanding of the mathematical problem caused the student to examine an 
incorrect solution. The most significant shortcoming was that, despite being asked to present the 
solution without establishing an equation, as specified in the activity sheet and indicated as a prompt, 
ChatGPT actually set up and solved an equation (see Figure 7). 

 

 

Note. Step 2: Finding walnut kernels from 

walnuts in their shells. At the beginning of the 

problem, we are given some information: 500 

grams of walnuts in shells → 100 grams of 

walnut kernels. What does this mean? It 

means that for every 5 grams of walnuts in 

shells, you get 1 gram of walnut kernels. In 

other words, we find the kernel amount by 

dividing the shelled walnut amount by 5. For 

example: 800 grams of walnuts in shells → 

800 ÷ 5 = 160 grams of walnut kernels. 

 

Figure 6 

A Screenshot of the Mathematics Problem Being Incorrectly Detected by ChatGPT 
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Note. Translation of the first figure: Then you solve this equation step by step. This is the point where you are 

actually forming an equation! Step 5: Simplify the equation. Add what’s inside the parentheses: (y + 300 + x), 

divide by 3: (y + 300 + x) / 3 = 600, then multiply both sides by 3, and finally simplify to isolate either x or y. 

Translation of the second figure: You can think of this step as working with an equation: Let’s say you don’t 

know the amount of walnuts in shells bought in the 3rd shopping trip. Let’s call it x grams. The problem states 

that x grams of walnuts in shells were bought, and 600 grams of walnut kernels were obtained. Since the 

average yield of walnuts (e.g., 50% or another given ratio) is provided, you need to calculate using that ratio. 

Translation of the third figure: Step 3: Solve this equation. In this equation, we will both find the total and use 

inverse operations to solve for x, the unknown. To do this, we first need to eliminate the division, and then, by 

subtraction, isolate x. 

Figure 7 

Three Different ChatGPT Screenshots Including Equations in the Solution 

 

During the implementation of the activity, any of these results reported as shortcomings of ChatGPT 
were identified in two situations. The first instance occurred when students themselves identified 
inaccuracies in the answers provided by ChatGPT. The second instance involved the researcher and 
mathematics teacher noticing discrepancies while examining the students' phone screens or the activity 
sheets on which students had written down the answers received from ChatGPT. When encountering 
the different types of shortcomings mentioned above, the researcher and mathematics teacher 
intervened and had the students write new prompts to address the issues they encountered. The 
researcher provided these prompts to the students, and the process of writing new prompts continued 
until the desired and correct answer was obtained, with each student's ChatGPT response being 
checked individually. The researcher dictated new prompts to the students after encountering issues 
with ChatGPT because the students were inexperienced in entering the necessary prompts to achieve 
the desired results. Another consideration was the cognitive load the students would expend to 
understand whether the answer to the mathematics problem on the screen was correct after each 
prompt entered. Since the aim of this study was not to intentionally increase students' extraneous 
cognitive load, the researcher provided prompts so that the desired solution of the mathematical 
problem would appear, in order to avoid the possibility that each incorrect answer provided by 
ChatGPT could potentially increase the student's extraneous cognitive load. 

The Effect of Statistics Activities 

To determine the effect of the statistics activity on students’ mathematics problem-solving 
performance, a non-parametric test was conducted due to non-normality in both test scores. The 
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number of students with incorrect/unsolved, partial, and complete solutions in the pre- and post-tests is 
presented in Table 1. Descriptive statistics for students' pre- and post-test scores are shown in Table 2. 

Table 1 

Number of Students According to Holistic Rubric Before and After Statistics Activities 

 Incorrect/No solution Partial Complete 

Before activity 8 3 2 

After activity 2 7 4 

 

Table 2 

Descriptive Statistics of Students’ Pretest-Posttest Scores 

 Mean SD Skewness Kurtosis 

Pre-test 2.69 3.88 1.11 - .15 

Post-test 5.76 3.44 - .20 - .49 

  

The Wilcoxon signed-rank test was used to compare students' pre- and post-test results on the far-
transfer question about the arithmetic mean concept. According to the results of this test, there was a 
statistically significant increase (p=0.046) in students' post-test scores compared to their pre-test scores 
(see Table 3). 

Table 3 

Wilcoxon Signed Rank Test Results 

Posttest-
Pretest 

Ranks N Mean Rank Sum of 
Ranks 

Z p 

 Negative Ranks 1 2.5 2.5 -1.994 0.046 

 Positive Ranks 6 4.25 25.5   

 Ties 6     

 Total 13     

 

Students’ Perception of Activities 

Students' perceptions about the activity were grouped under three themes: benefits on learning, 
attributes of application (i.e., ChatGPT), and positive emotions towards the activity.  

Benefits on Learning 

Students responded differently regarding the activity's benefits for learning. When examining the 
learning benefits, the first thing that stands out was students' statements regarding the characteristics 
peculiar to the worked-out example. In the activity, students found it useful that ChatGPT presented 
the solution of the mathematical problem step by step, as in the worked-out examples. They stated that 
this made the solution to the mathematical problem easier to understand. Another advantage of 
worked-out examples was that they help students identify the steps they do not understand in similar 
questions they have previously solved. For example, two different students' opinions on these issues 
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are as follows: "I would like to understand the questions step by step rather than not understanding 
and leaving them blank. I would like to see what I did not understand" and "...if the questions were 
solved this way (in other courses), we could understand the subject more easily". 

Another aspect of ChatGPT's beneficial impact on learning was its use as a scaffolding tool. The 
fluidity of ChatGPT's narrative, its proficiency in summarizing answers when necessary, its ability to 
explain challenging topics, and its capacity to facilitate tasks that students find difficult all 
demonstrated that ChatGPT is a tool with distinct features that support students' learning. Students' 
answers such as "...made it easier for me to answer the question I couldn't answer", "the explanation 
and solutions of the questions are very fluent and very good" and "...explains in detail when we have 
difficulty" showed that the application scaffolds learning. 

Attributes of Application 

Since the use of the ChatGPT application was the major issue in this activity, the advantages and 
disadvantages that the students experienced in using the application during the activity formed two 
categories of this theme. Students listed ChatGPT's advantages as providing practical solutions to 
mathematical problems, making calculations easier for students, providing informative explanations 
about the topic or question, and fulfilling the entered prompts as they are. One student's statement, "...it 
could be very useful in daily life" suggested that students can use this tool for different purposes. 
However, students also pointed out the problems encountered during the implementation of the 
activity. Student’s statement, “I think some corrections should be made, because it didn’t understand 
the last question no matter what we did” caused the students to focus on the problems arising from 
ChatGPT during the activity and stray away from the purpose of the activity, as seen in the 
shortcomings revealed in the first finding of this study. The students' concerns included ChatGPT's 
incorrect perception of mathematical problems and its mistakes in solutions. In addition, the fact that 
the free version used during the activity only allowed a limited number of prompts caused the students 
to not complete the learning process, which was expressed by the students as a disadvantage of the 
application. 

Positive Emotions Towards Activity 

Instead of a traditional mathematics lesson, students engaged in a statistics activity using ChatGPT, a 
popular mobile phone application, which fostered positive feelings about the activity. Students 
expressed their pleasure for the activity with phrases like, "I thought it was a good and educational 
activity." Furthermore, many students felt enjoyment during the activity, as evidenced by statements 
like, "I thought it was very fun and enjoyable" and "the lesson was enjoyable". 

 

Conclusion and Discussion 

The first aim of this study was to prepare statistics activities targeting comprehension of the arithmetic 
mean, consisting of worked-out examples with ChatGPT-based explanations. The main reason for 
creating such an activity was to reduce students’ cognitive load. Especially when students are exposed 
to worked-out examples as instructional material, it alleviates their extraneous cognitive load and 
increases intrinsic and germane cognitive load (Leppink et al., 2013). However, preparing such 
activities for each topic could be exhausting for teachers, so they can get assistance from artificial 
intelligence (AI). Since ChatGPT is a very practical and popular AI tool, creating activity sheets with 
its assistance would be timesaving for educators. Thus, combining an efficient instructional method in 
mathematics, which is worked-out examples in this study, with AI would be supportive for both 
teachers in terms of reducing their workload, and students’ in terms of increasing their IL and GL. 
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During the implementation of the activities, both satisfactory and inadequate results were obtained. 
When ChatGPT followed given prompts properly, which were written as instructions on the activity 
sheet, and provided correct solutions to mathematics problems with step-by-step explanations, it was a 
powerful tool to use in the classroom. Students found ChatGPT's explanations to be informative and 
helpful in understanding the concept. Certainly, one of the things that students thought was beneficial 
for their learning was the structure of explanations, which were worked-out examples of a type. 
According to students’ perceptions, another finding was that ChatGPT plays the role of a scaffolding 
tool for learning. Instead of teacher assistance, ChatGPT’s explanations resemble just-in-time adult 
assistance (Gonulal & Loewen, 2018), thereby providing scaffolding that improves students’ 
mathematical problem-solving skills (Zhou et al., 2025). This finding suggests that educators can 
utilize generative AI to support teaching. On the other hand, it was also found that ChatGPT had some 
shortcomings. For instance, ChatGPT produced explanations that did not exist in the mathematical 
problem and set up equations to solve mathematical problems, even though it was instructed not to 
include an equation in the prompt. The latter one is a problematic issue because the statistics activity 
was designed for 6th graders, whose mathematics curriculum does not cover equations (MoNE, 2018). 
Exposing students to an answer that is not the purpose of the activity and that includes a topic they do 
not know in the solution stages of a mathematical problem will increase the students' cognitive load 
and especially cause an increase in EL. However, the purpose of this activity was to reduce students’ 
EL and CL. This shortcoming of ChatGPT was counterproductive to the purpose of the activity. To 
prevent students from encountering this situation in the classroom environment, teachers can use 
ChatGPT to prepare worked-out examples before instruction as a preparation step, and after checking 
its answers, they can use its explanations as a worked-out example task sheet. This will keep 
ChatGPT’s answer under control and will also help alleviate the teacher's workload. 

Although some students encountered the above-mentioned issues during the activity's implementation, 
others did not experience any problems. This suggests that the activity was beneficial to some students. 
The other aim of this study was to determine the effectiveness of the activity, which was statistically 
efficient in this specific sample. Its effectiveness on students’ mathematical problem-solving 
performance was an important finding, which could mean that the activity also enhance students IL. If 
students did not encounter any difficulties or misunderstandings with ChatGPT’s interpretation, they 
found it informative and helpful for understanding the mathematical topic. Even though they realized 
that ChatGPT has some shortcomings, they still enjoyed the activity. Enjoyment is an important 
emotion that has a role in students’ achievement (Pekrun et al., 2002; Schukajlow et al., 2012). Thus, 
creating enjoyable activities for instructional purposes, as in this study, especially involving 
applications or games, would be effective for learning and motivate them towards the course.  

One of the aims of this study was to understand the students' thoughts on the activity process. 
Although most of them found this process pleasant and enjoyable, they also complained about the 
disadvantages of ChatGPT. One of the significant disadvantages was the deterioration of the 
mathematics problem by ChatGPT. Students had to identify a table that was incorrect in the 
explanations provided by ChatGPT. Another problem was the limited access of students to GhatGPT-
4o with the free version. When they encountered a problem in the explanation and wanted to guide it 
through more prompts, they were unable to do so after a few trials. Although this is a limitation, the 
researcher made sure that the process was completed by using additional accounts so that the students 
would not be affected during the implementation.  

Sample size is one of the limitations of this study. Because one of the aims of this study is to prepare 
the activity sheet and determine the positive and negative aspects encountered during the activity, a 
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small sample size was initially considered sufficient to achieve this goal. However, since the study had 
a weak experimental design without a control group and was conducted on a small sample group, 
which poses a threat to external validity, it should not be forgotten that the results have limited 
generalizability in a quantitative aspect when interpreting them. In studies where activity sheets similar 
to the one developed in this study are developed or where worked-out examples with ChatGPT-based 
explanations are used as an instruction method, it may be recommended to work with experimental 
designs having control groups with larger sample sizes. Another limitation is that the study focused 
only on the concept of the arithmetic mean. The reason for this is the expectation that the sixth grade 
students should have learned this concept at previous grade levels and were capable of answering far-
transfer questions. Future research could further investigate the impact of teaching worked-out 
examples with ChatGPT-based explanations on students' statistical skills at different grade levels, with 
activities designed for other statistical concepts and both near and far transfer questions. Using free 
version of ChatGPT, which the students also mentioned this issue in their perceptions, was a limitation 
as well. The use of the paid version could be investigated to determine whether the problems 
encountered in this study (i.e., producing explanations that did not exist in the mathematical problem 
and setting up equations to solve mathematical problems) would be encountered and whether there 
would be differences in students' opinions about the application when they felt more comfortable with 
the number of prompts.  

In conclusion, using AI tools, specifically ChatGPT, to enhance students’ mathematics learning and 
performance brings with it both advantages and limitations. Due to students’ enjoyment and 
pleasantness during this activity, using ChatGPT’s motivational factor may counterbalance the 
limitations and compensate for its problematic results. However, this is a matter requiring extreme 
caution, like walking on thin ice, and educators are advised to carefully prepare their activities in this 
regard. 
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Appendix 1. 

ChatGPT-Based Statistics Activity Sheet I 
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Appendix 2. 

ChatGPT-Based Statistics Activity Sheet II 
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Appendix 3. 

ChatGPT’s Correct Solution for the First Activity 

 

 


