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Abstract  Keywords 

This study examined whether responses generated by chatbots 

(ChatGPT-3.5, ChatGPT-4, and Bard) about heat and temperature 

match misconceptions identified in the literature and how these 

responses compare to those of learners. The study also addressed 

the effect of Conceptual Change Texts (CCTs) on chatbot-generated 

responses about heat and temperature, focusing on their relevance 

to prompt engineering. Heat and Temperature Four-tier 

Misconception Test (HTMCT) and CCTs were utilized from a 

previous study that investigated the effectiveness of CCTs in 

remedying misconceptions about heat and temperature held by 

pre-service physics teachers. The HTMCT, consisting of 20 items, 

was designed to diagnose misconceptions about heat and 

temperature held by pre-service physics teachers as identified in 

the literature, with each misconception being assessed using 

multiple items. In this study, the HTMCT was used to diagnose the 

chatbots’ responses of the heat and temperature concepts before 

and after the implementation of CCTs. In addition, in-depth 

interviews with the chatbots were conducted to elaborate on their 

responses. Pre-service physics teachers in the prior study exhibited 

misconceptions about heat and temperature, which were 

effectively remediated by CCTs, leading to significant overall 

improvements. Similarly, this study found that chatbot-generated 

responses, except those from Bard, were prone to misconceptions. 

ChatGPT-4 consistently generated responses that aligned with the 

scientific paradigm, unlike the other two chatbots. However, pre- 

and post-test data revealed that ChatGPT-4-generated responses 

were prone to a misconception, specifically that equal amounts of 

heat supplied to different substances will result in the same final 

temperature, and these responses consistently reflected this 

misconception. Both ChatGPT-3.5 and Bard showed improved 

performance between the pre- and post-test data, despite 

providing inconsistent responses. While chatbots could generate 

responses that accurately expressed concept definitions, they 

struggled with drawing conclusions based on multiple scientific 
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concepts, applying concepts to real-world scenarios, and engaging 

in complex reasoning. In this study, while the algorithms 

underlying the chatbots remain undisclosed, the post-test 

responses for all chatbots showed a notable decrease in incorrect 

responses and improved alignment with scientific knowledge, 

suggesting a positive influence of CCTs, akin to findings from the 

prior study. 

Introduction 

The COVID-19 pandemic has led to a widespread shift toward the use of online technologies 

for teaching and learning (Sartika et al., 2021; Whalley et al., 2021). Artificial intelligence (AI) has been 

making its way into our daily lives, including through computers and mobile devices (Ramos et al., 

2008). AI is a general term that encompasses several technologies and methods, such as machine 

learning, deep learning, and natural language processing (Baker & Smith, 2023). Large language models 

(LLMs) based on generative artificial intelligence, such as ChatGPT and Google’s Bard, have gained 

widespread attention in education (Alasadi & Baiz, 2023; Labadze et al., 2023; O'Dea, & O'Dea, 2023). 

These generative chatbots perform human-like cognitive tasks by analyzing very large amounts of data 

(Zawacki-Richter et al., 2019).  

In science education, generative chatbots are being explored for their potential to support 

teaching and learning. Previous studies have investigated their use in various contexts, including 

assessing chatbot responses to exam questions (Clark, 2023; Fergus et al., 2023), using chatbot-generated 

responses as prompts for student critique (Exintaris et al., 2023), integrating chatbots in chemistry labs 

(Humphry & Fuller, 2023), and analyzing chatbot reasoning (Talanquer, 2023). Despite this growing 

interest, an underexplored area is the role of chatbots in addressing one of the most persistent challenges 

in science education: misconceptions about fundamental scientific concepts such as heat and 

temperature, which are essential for understanding thermodynamic principles and their applications 

across disciplines (Tiberghien, 1994). Building on this foundation, this study investigated chatbot 

responses (ChatGPT-3.5, ChatGPT-4, and Bard) related to the concepts of heat and temperature, 

examining their alignment with misconceptions identified in the literature and comparing these 

responses to those of learners. This is of particular significance for the field of science education, as it 

provides insight into how instructors can utilize chatbots to design formative assessment activities that 

elicit responses, challenge assumptions, and enhance learner reasoning. Students can discern accurate 

information and correct errors by subjecting chatbot responses to misconception tests to critical 

evaluation, thereby fostering a deeper and more robust understanding of scientific concepts. This 

manner of instruction facilitates the remediation of misconceptions and enhances the overall learning 

experience by encouraging critical thinking and active engagement with the subject matter (Exintaris et 

al., 2023; Rudolph et al., 2023). In this study, we adapted Çelik's (2022) methodology by employing a 

misconception test, originally constructed based on the literature on misconceptions about heat and 

temperature, to assess chatbot-generated responses and by utilizing Conceptual Change Texts (CCTs) 

to address these misconceptions. This approach enabled a comparative analysis to determine whether 

chatbot responses about heat and temperature aligned with the misconceptions identified in the 

literature and among pre-service physics teachers and to assess the effectiveness of CCTs in addressing 

these misconceptions across two different contexts: pre-service physics teachers and chatbot-generated 

responses. 

Prompt engineering ensures that chatbots generate accurate responses by refining the way 

questions or inputs are structured. While some chatbots, like Bard, can update their responses based on 

input data, the key goal of prompt engineering remains consistent: to enhance the precision and 

relevance of chatbot-generated information (Brown et al., 2020). Similarly, CCTs are widely used in 

science education to remedy misconceptions and present accurate scientific concepts (Duit & Treagust, 

2003). Both prompt engineering and CCTs share the objective of presenting clear, scientifically sound 
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information (Duit & Treagust, 2003; Liu et al., 2023). This study investigated how CCTs could refine 

chatbot responses about heat and temperature, with the aim of improving the quality of educational 

content provided by AI-driven tools. 

Background 

This section provides an overview of the key concepts underlying this study. In particular, it 

focuses on (1) misconceptions about heat and temperature, exploring their prevalence and importance 

in science education; (2) prompt engineering, highlighting its role in optimizing chatbot responses for 

educational purposes; and (3) conceptual change texts (CCTs), highlighting their usefulness in 

addressing learners’ misconceptions. Complementing the background discussion, the research aim 

section outlines the aims of the study and provides the basis for addressing the guiding questions of the 

study.  

Misconceptions About Heat and Temperature 

Perceptions are initially formed by observing one’s environment and nature. For instance, 

without any other input, someone who observes the process from sunrise to sunset may conclude that 

the Earth remains motionless while the sun rises in the east and falls in the west. Indeed, in the past, 

scientists and philosophers have drawn such conclusions based on their observations of nature. During 

the 17th and 18th centuries, scientists concluded that all combustible substances contained an invisible 

matter called phlogiston. According to this theory, phlogiston was thought to escape from a burning 

substance and dissolve into the air. However, over time, scientific advancements have refined our 

understanding of the motion of the Earth and other planets in the solar system and led to a more 

accurate comprehension of combustion events, one that does not reference the outdated concept of 

phlogiston.  

Misconceptions, like those about the Earth's motion or phlogiston, can create cognitive conflict, 

which affects how new information is processed. Learners often need to recognize and resolve these 

conflicts for effective learning (Posner et al., 1982). Some observations can encourage misconceptions in 

certain subjects, one of the best examples being the concept of heat. The misconception is that heat is 

matter and a quantity that a substance can possess, which is similar to the ideas of ancient philosophers 

and scientists. In this example, the belief is that heat is a tangible substance, akin to air or fluid, that can 

be added to or removed from objects. Studies have shown that such misconceptions about heat, 

temperature, force, and motion are persistent and can lead to systematic errors in understanding (Driver 

et al., 1994). Many learners also have difficulty distinguishing between “heat” and “temperature” and 

often use them as synonyms (Aydoğan et al., 2003; Çelik, 2022; Güneş, 2021). 

Prompt Engineering 

Prompt engineering is a fundamental technique of natural language processing (NLP), crucial 

for guiding large language models (LLMs) such as ChatGPT-3.5, ChatGPT-4, and Bard, to generate 

desired outputs. This technique is essential for optimizing the performance and utility of these models 

in various applications, including chatbots and automated content generation. By refining input 

prompts, researchers and practitioners can elicit more accurate, relevant, and contextually appropriate 

responses from LLMs. Carefully designed prompts leverage the inherent capabilities of LLMs more 

effectively, enabling them to perform complex tasks with minimal additional training. In the realm of 

maximizing the potential of large language models, prompt engineering is indispensable. Practitioners 

can substantially enhance the quality and relevance of model outputs by emphasizing clarity, context, 

structure, and iterative refinement. This technique also improves LLM performance and broadens their 

applicability across diverse fields, from automated content generation to educational tools (Brown et 

al., 2020). 
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Conceptual Change Text (CCT) 

CCTs are one of the most effective methods for remediating misconceptions (Chambers & 

Andre, 1997; Çelik, 2022; Hynd & Alvermann, 1986; Wang & Andre, 1991). CCTs are based on 

conceptual change models. Researchers have proposed various conceptual change models (Chi, 1992; 

diSessa, 1988; diSessa, 2008; Mortimer, 1995; Posner et al., 1982; Ueno, 1993; Vosniadou, 1992). 

According to Posner et al. (1982) model, which is one of the most widely used conceptual change models 

in education, for conceptual change to occur, a learner must be dissatisfied with their current 

conception, then the learner must recognize a new concept as intelligible, plausible, and fruitful. CCTs 

introduce possible misconceptions in a given context and explain flaws to prompt dissatisfaction. They 

present scientific concepts clearly, making them plausible, and offer various contexts to enhance 

understanding and applicability (Chambers & Andre, 1997; Güneş, 2021). CCTs represent a promising 

intervention method to remedy misconceptions about heat and temperature (Aydoğan et al., 2003; 

Çelik, 2022). A comparison of prompt engineering and the use of CCTs in science education reveals a 

common underlying approach: methodically designing the input, whether prompts for language 

models or instructional texts for students, to enhance the quality and effectiveness of the output. Both 

techniques emphasize the importance of clarity, context, and iterative refinement to achieve their 

respective goals. In essence, prompt engineering improves chatbot performance, while CCTs enhance 

learning by addressing and remedying misconceptions, thereby improving conceptual understanding 

in educational settings (Duit & Treagust, 2003; Liu et al., 2023). 

Research Aim 

The ability to distinguish between true and false and between scientific and non-scientific 

information on the internet is becoming increasingly important with the widespread use of AI, making 

Information and Communication Technology (ICT) skills essential. Many countries, with the goal of all 

internet users having these skills, have systematically included ICT skills in their curricula. 

Presentations of the concepts of heat and temperature, which are directly related but not the same, on 

the internet are based on scientific and non-scientific information sources, such as in textbooks (Leite, 

1999) and visual and written media (Allchin, 2023). For these reasons, we carried out a study on heat 

and temperature to check if the information in AI-based applications reinforced misconceptions about 

heat and temperature. A clearer comprehension of AI responses concerning cognitive features can aid 

in successfully integrating of emerging technologies in educational settings. We aimed to investigate 

whether the information provided to users by AI-based applications aligns with the misconceptions 

identified in the literature, how these responses compare to those of learners, and the effect of CCTs on 

chatbot-generated responses about heat and temperature. In this study, “learners” specifically refers to 

pre-service physics teachers, as examined in Çelik's (2022) study, where their conceptual understanding 

of heat and temperature provided a valuable benchmark for identifying and addressing 

misconceptions. The research questions that guided this study are as follows: 

• Do chatbot-generated responses about heat and temperature correspond to misconceptions 

identified in the literature? 

• Do chatbot-generated responses match pre-service physics teachers’ misconceptions about heat 

and temperature? 

• How do conceptual change texts affect chatbot-generated responses about heat and 

temperature concepts? 

• Is a chatbot consistent in its responses to the concept test? 
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Method 

The ChatGPT-3.5, ChatGPT-4, and Google Bard 1.0.0 chatbots were used in the study. The Heat 

and Temperature Four-tier Misconception Test (HTMCT) (Güneş, 2020) was used to diagnose the 

chatbots’ responses regarding heat and temperature concepts (See Appendix for the HTMCT). First, we 

opened a new chat page in all chatbots to administer the HTMCT as a pre-test on 3 November 2023. 

Following this, we provided CCTs to remedy the chatbots’ responses in case the chatbot-generated 

responses were in line with the misconceptions identified in the literature. The chatbots were tasked 

with offering suggestions for enhancing their responses, revealing varying degrees of receptiveness to 

learning. While ChatGPT-3.5 and ChatGPT-4 acknowledged the inability to integrate information from 

the prompt to update LLM, they still identified avenues for refining their responses. In contrast, Bard 

exhibited a high level of openness to learning, expressing readiness to adapt and improve based on the 

provision of accurate and high-quality information with the prompt. Therefore, because of their 

structured design, the CCTs were used as a tool to guide the chatbot's responses about the concepts of 

heat and temperature, not as a training model. In this study, the CCT, which consists of five distinct 

steps, was presented as a single, unified textual prompt rather than as separate stages, as is standard 

practice in such applications. By leveraging this unique approach, the CCT is believed to enhance the 

clarity and accuracy of chatbot responses. Additionally, responses indicated that remedying 

inaccuracies might require several days or even a week, thus justifying the one-week interval between 

the pre- and post-test assessments. One week later, on 9 November 2023, the HTMCT was administered 

as a post-test. In-depth interviews were then conducted to address the chatbot-generated responses that 

were consistent with the misconceptions. All tasks were completed on the same chat page. The pre- and 

post-test data were coded independently by the authors of this article, and five discrepancies between 

coders out of 120 coded data (20-item HTMCT for all three chatbots and for both pre- and post-test data) 

were observed and resolved through discussion; finally, the coding agreed upon by both authors was 

implemented. 

Heat and Temperature Four-tier Misconception Test (HTMCT) 

The HTMCT was developed as part of a master’s thesis supervised by the second author of this 

study (Güneş, 2020). The HTMCT measures each misconception using more than one item. There are 

20 items in the test. In the first tier of the test, one option is the correct response, the other options are 

misconceptions and distractors. The HTMCT was designed to diagnose seven common misconceptions 

(Çelik, 2022; Güneş, 2021) held by pre-service physics teachers, as identified in the literature (see Table 

1). 

Table 1. Heat and Temperature Misconceptions 

Misconception Number Misconceptions  

MCa1 The skin is a good thermometer. 

MC2 A temperature of 40°C is twice that of 20°C. 

MC3 When equal amounts of heat are supplied to different substances, they will 

reach the same final temperature. 

MC4 Heat and temperature are the same. 

MC5 When two liquids are mixed, the temperature of the resulting mixture is 

equal to the sum of the temperatures of the individual liquids. 

MC6 The temperature of any substance that receives heat increases. / The 

temperature of any substance that gives off heat decreases. 

MC7 Woolen clothes give heat to you. 
aMC stands for misconception 

In the first tier of the test, multiple-choice questions were asked about the misconceptions 

shown in Table 1. In the second tier, the level of confidence in the responses given in the first tier was 

questioned. The third tier asked about the reasoning behind the responses given in the first tier. The 
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fourth tier asked for the level of confidence in the reason given. A sample four-tier question (#12) from 

the HTMCT is shown in Box 1. 

Box 1. A Sample Four-tier Question (#12) from the HTMCT 

12.1. In the refrigerator of a house there are different amounts of cheese, olives, eggs, and apples, 

bought at different times. After being in the refrigerator for a long time, they have stopped 

exchanging heat with each other and with the environment. What quantity of these foods is absolutely 

the same? 

a) The amount of heat they take from the environment 

b) The heat they give off to the environment 

c) Final temperatures 

d) Final internal energies 

e) Temperature changes after being put in the refrigerator 

f) Other (please specify): ................................................... 

......................................................................................... 

12.2. How confident are you in your response to 12.1 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

12.3. What is the scientific reason for your response to 12.1 above? Please explain in your own words 

.…………........................................................................ 

............................................................................................... 

12.4. How confident are you in the reason you gave in 12.3 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

When the AI chatbots' responses to the HTMCT questions were analyzed, the chatbot-generated 

responses in the second and fourth tiers were all “I am sure” or “I am certainly sure”. This meant that 

none of the chatbots’ expressed any lack of confidence in their responses. The categorization of 

responses, therefore, considered only the other two tiers of the four-tier test (see Table 2). 
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Table 2. Categorization of Responses in the First and Third Tiersa 

  1st Tier 

  Correct Misconception Distractor 

3rd Tier Correct SC FN LK 

Misconception FP MC LK 

Distractor LK LK LK 
aSC, Scientific conception; MC, Misconception; FP, False positive; FN, False negative; LK, Lack of knowledge. 

The scientifically correct first and third tier responses are indicated by scientific conception (SC). 

Misconception (MC) indicates misconceptions for the first and third tiers. If a response is scientifically 

correct in the first tier, but the reason is consistent with the misconception in the third tier, this binary 

explanation is classified as a false positive (FP). Similarly, if the response is a misconception in the first 

tier, but scientifically correct in the third tier, it is classified as a false negative (FN). All other possible 

responses, except these four categories of responses, are considered as lack of knowledge (LK). It should 

be noted that some of the responses categorized as lack of knowledge in this study may be 

misconceptions, but that would need to be determined through in-depth interviews. For the purposes 

of this study, only the responses that contained a misconception in the first tier and provided an 

explanation with a reason to support the selected misconception in the third tier were considered 

misconceptions. 

Hestenes et al. (1992) introduced the concepts of “false positive” and “false negative” for the 

importance of the accuracy of metrics on multiple-tier tests. A false positive is a Newtonian answer 

selected using non-Newtonian reasoning, while a false negative is a non-Newtonian answer based on 

Newtonian reasoning. The rates of false positives and false negatives were reported to be less than 10% 

(Hestenes & Halloun, 1995). The validity of a multiple-tier test increases as the rates of false positives 

and false negatives decrease. 

Conceptual Change Text (CCT) and Prompt Engineering 

We used CCTs developed in a master’s thesis (Çelik, 2022) supervised by both authors to 

remedy the chatbots’ responses when the chatbots' generated responses were consistent with the 

misconceptions identified in the literature. Seven CCTs were developed to remedy the seven 

misconceptions identified by the HTMCT. The CCTs consisted of sections including questioning, 

dissatisfaction, intelligibility, plausibility, and fruitfulness, following the conditions of conceptual 

change as outlined by Chambers and Andre (1997). 

During the preparation of the CCTs, the first step involved questioning learners’ existing 

understanding of the subject to identify any misconceptions. In the second step, known as the 

dissatisfaction condition, the misconceptions were presented and the reasons for these misconceptions 

were emphasized. Then, an attempt was made to help learners recognize their existing misconceptions 

and understand the inadequacy of their currently held concepts. In the third step, referred to as 

intelligibility condition, learners were presented with scientific knowledge to remedy their 

misconceptions. The knowledge was explained using examples from daily life to ensure 

comprehension. The fourth step, called the plausibility condition, ensured that the scientific knowledge 

fit learners’ existing concepts and could be applied them to solve problems. The aim was to explain the 

scientific knowledge clearly and convincingly, using examples that learners are likely to encounter. In 

the final step, the fruitfulness condition demonstrated that scientific knowledge can be applied to solve 

problems in various areas and contexts. A sample of a CCT is presented in Box 2. 
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Box 2. An Example of Conceptual Change Text to Remedy Misconceptions about "Heat and 

temperature are the same." 

aAre heat and temperature the same concepts? 

bSome people may think that heat and temperature are the same concept. One of the possible 

reasons for this could be that heat and temperature are used interchangeably in everyday life, or they 

are thought to be synonymous. However, although heat and temperature are related, they are two 

different concepts. 

cHeat is the energy transferred between objects due to a difference in temperature. Heat is measured 

in units of energy such as joules or calories. Temperature is a measure of the average translational 

kinetic energy of particles in a material and is measured in kelvin. It is important to distinguish 

between temperature and heat as they are two different concepts. Heat is the transfer of energy from 

one object to another (or from a higher temperature part of an object to a lower temperature part) due 

to a difference in temperature. For example, when a cold hand touches a hot heating pad in winter, 

heat is transferred from the pad to the hand due to the difference in temperature. 

dSimilarly, if a bottle of water at 4°C is taken out of the refrigerator and placed in a kitchen at 27°C, 

it will receive heat from the environment until it reaches thermal equilibrium. This exchange of energy 

between the water and the environment is known as heat. If the bottle is left in the kitchen long 

enough, the water and the environment will reach equilibrium and there will be no net heat transfer. 

eConsider the example of an aluminium ruler that has been left at room temperature for a long 

time. If a candle is used to heat one end of the ruler, its temperature will increase. This temperature 

difference causes energy to be transferred from the heated end to the other end, which is known as 

heat. The transfer of energy continues until both ends are at the same temperature. Heat is the transfer 

of energy as a result of a temperature difference. It is important to note that the concepts of heat and 

temperature are not interchangeable. 

aQuestioning; bDissatisfaction; cIntelligibility; dPlausibility; eFruitfulness 

Having explained CCT, it is useful to emphasize its relevance and commonality with prompt 

engineering. Prompt engineering is critical to improving the performance of language models by 

producing clear, specific, and structured input. Clarity and specificity help reduce ambiguity and allow 

the model to focus on the precise task (Liu et al., 2023). Providing context and background information 

helps the model understand the broader framework of the query, which is particularly important for 

complex tasks (Reynolds & McDonell, 2021). The format and structure of prompts also play an 

important role; well-structured prompts with clear formatting improve the model’s ability to parse and 

respond effectively, according to Gao et al. (2020). Finally, prompt engineering is an iterative process 

that requires continuous testing and refinement to improve the quality of responses. Both prompt 

engineering and CCT exhibit structural and functional similarities that facilitate accurate information 

processing and learning. These techniques prioritize clarity and specificity, provide context and 

background information, employ effective formats and structures, and undergo iterative refinement. 

• Clarity and Specificity: In prompt engineering, it is paramount to ensure that prompts are clear 

and specific, as this guides language models towards accurate responses. Ambiguous prompts 

can lead to erroneous outputs. Similarly, CCTs aim to clarify misconceptions by offering 

unambiguous explanations that challenge existing knowledge and present accurate scientific 

concepts (Brown et al., 2020; Posner et al., 1982). 
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• Context and Background Information: Providing context and background information in 

prompts enhances language models’ understanding of tasks, eliciting responses that are more 

pertinent to the task at hand. CCT techniques use contextual information to help learners relate 

new concepts to their existing knowledge, facilitating a deeper understanding (Duit & Treagust, 

2003; Liu et al., 2023). 

• Format and Structure: The format and structure of prompts are crucial in guiding language 

models. Well-structured prompts, such as clear question-and-answer formats, enhance the 

model’s ability to interpret and respond accurately. CCTs use logical sequencing, headings, and 

instructional strategies to systematically address misconceptions and reinforce new concepts 

(Posner et al., 1982; Reynolds & McDonell, 2021). 

• Iteration and Refinement: Both prompt engineering and CCTs involve an iterative refinement 

process. Prompts undergo continuous testing and adjustment based on elicited responses, while 

CCTs are revised according to student feedback to ensure their effectiveness in addressing 

misconceptions and facilitating learning (Duit & Treagust, 2003; Gao et al., 2020). 

Results 

What Pre- and Post-test Data Reveals About Chatbot Responses Regarding Heat and 

Temperature? 

The results of the pre- and post-test data for ChatGPT-3.5, ChatGPT-4, and Google Bard 1.0.0 

chatbots are shown in Table 3. The responses of the AI chatbots to each question in the HTMCT were 

categorized as scientific conception, misconception, false positive, false negative, and lack of 

knowledge, as shown in Table 2. 

Table 3. Pre-and Post-test Data Results for the AI Chatbotsa 

Number of 

Question 

Pre-Test Post-Test 

CHATGPT-3.5 CHATGPT-4 BARD CHATGPT-3.5 CHATGPT-4 BARD 

1 FN SC LK FN SC SC 
2 FN SC FN SC SC FN 
3 LK LK SC SC LK FP 
4 LK SC FN LK SC LK 
5 MC5 SC SC SC SC LK 
6 LK SC LK LK SC SC 
7 SC SC SC SC SC SC 
8 SC SC SC SC SC SC 
9 FN SC SC LK SC SC 
10 SC SC LK SC SC LK 
11 LK MC3 SC LK MC3 SC 
12 LK SC LK LK SC LK 
13 LK SC FP SC SC SC 
14 MC6 SC LK LK SC LK 
15 SC SC SC SC SC SC 
16 LK SC SC LK SC SC 
17 LK SC LK LK SC FP 
18 LK SC LK SC SC LK 
19 LK SC SC LK SC SC 
20 SC SC SC SC SC SC 
aSC, Scientific conception; MC, Misconception; FP, False positive; FN, False negative; LK, Lack of knowledge. 
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The distribution of scientific conception, misconception, false positive, false negative, and lack 

of knowledge categories for the AI chatbots is presented in Figure 1. 

 
Figure 1. Distributions of SC, MC, FP, FN, and LK Categories for the AI Chatbots 

When analyzing the pre-test data, 50% of the responses in ChatGPT-3.5 were categorized as lack 

of knowledge, 25% as scientific conception, 10% as misconception, and 15% as false positive. In 

ChatGPT-4, 90% of the responses were categorized as scientific conception, 5% as misconception, and 

5% as lack of knowledge. For Bard, 50% of the responses were categorized as scientific conception, 35% 

as lack of knowledge, 10% as false negative, and 5% as false positive. 

Upon analysis of the post-test data, 50% of ChatGPT-3.5 responses were categorized as scientific 

conception, 45% as lack of knowledge, and 5% as false negative. For the ChatGPT-4 responses, there 

was no change from the pre-test data categorizations, with 90% of the responses being scientific 

conception, 5% misconception, and 5% lack of knowledge. In contrast, Bard’s responses were 

categorized as 55% scientific conception, 30% lack of knowledge, 10% false positive, and 5% false 

negative. Of the three chatbots, ChatGPT-4 provided consistent responses that aligned with the 

scientific paradigm, however, both the pre- and post-test data revealed that it was subject to MC3. 

According to the pre-test data results, ChatGPT-3.5 was found to generate the fewest responses 

based on scientific knowledge. In the post-test data, the proportion of responses categorized as scientific 

conception increased from 25% to 50%, while the proportion of responses categorized as lack of 

knowledge decreased from 50% to 45%. In the chatbot’s pre-test responses, two misconceptions (MC5 

and MC6) were identified, but when the post-test data was analyzed, the responses to both questions to 

which it previously expressed misconceptions were categorized as scientific conception. As a result, 

improvements in the post-test data were observed in terms of alignment with scientific knowledge. 

Bard outperformed ChatGPT-3.5, but was not as successful as ChatGPT-4. The post-test data 

showed an increase in the scientific conception rate from 50% to 55%, a decrease in the lack of 

knowledge rate from 35% to 30%, and a decrease in the false negative rate from 10% to 5%. However, 

the false positive rate increased from 5% to 10%. It is worth noting that none of Bard’s responses in both 

the pre- and post-test data were considered misconception. 
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Digging Beneath the Surface: Interview with the Chatbots 

As an example of analyzing the chatbots’ responses to questions, let us closely examine the 

responses to question 12 in Box 1, where, as shown in Table 3, the classification of each chatbot’s 

response remained unchanged between the pre- and post-test data. ChatGPT-4’s response was 

categorized as scientific conception, while ChatGPT-3.5’s and Bard’s responses were categorized as lack 

of knowledge. As ChatGPT-4’s response was consistent with the scientific paradigm, in-depth 

interviews were only conducted with the other two chatbots. 

After being exposed to the CCTs and asked question 12 again, ChatGPT-3.5 provided the 

response displayed in Box 3. According to Table 2, this response was categorized as lack of knowledge. 

Box 3. Response to Question 12 by ChatGPT-3.5 

12.1. d) Their internal energies 

12.2. a) I am absolutely certain 

12.3. After being stored in the refrigerator for a long time without any heat exchange with each other 

or the surroundings, their internal energies reach equilibrium as there’s no heat transfer occurring. 

12.4. a) I’m completely certain 

Upon examination of ChatGPT-3.5’s response, it was apparent that it evoked the 

misconceptions “heat is the energy that matter possesses” and “heat and internal energy are the same”, 

and while not being one of the seven misconceptions considered in this study, these have been 

frequently highlighted in literature (Aydogan et al., 2003). Therefore, when these misconceptions were 

considered in conjunction with MC4, it was inferred that the chatbot's responses indicated an 

interchangeable use of the concepts of heat, temperature, and internal energy. With this in mind, an in-

depth interview was conducted with this chatbot, and when asked to define the concepts of heat, 

temperature, and internal energy separately, ChatGPT-3.5 provided the concept definitions in Box 4. 

Box 4. Definitions of Heat, Temperature, and Internal Energy by ChatGPT-3.5 

Heat: Heat is a form of energy that is transferred between two substances or systems due to a 

temperature difference. It flows from a higher temperature to a lower temperature until thermal 

equilibrium is reached. 

Temperature: Temperature refers to the degree of hotness or coldness of an object. It is a measure of 

the average kinetic energy of the particles in a substance. In physics, it’s measured in units such as 

Celsius, Fahrenheit, or Kelvin. 

Internal Energy: Internal energy is the sum of the kinetic and potential energies of the particles within 

a substance. It includes the energy associated with their motion and their interactions. This energy 

determines the state of a substance and is related to its temperature. 

The responses defining these three concepts were evaluated as aligning with contemporary 

scientific explanations. Subsequently, when the same question was asked again or the chatbot was 

requested to draw a conclusion using these accurately defined concepts in a given scenario, it provided 

inconsistent responses. The chatbot was able to generate accurate responses when identifying concepts, 

but it struggled when attempting to contextualize and infer based on multiple concepts. 

Bard’s response to question 12 was previously categorized as lack of knowledge. Upon being 

asked again, the response provided (shown in Box 5) was also categorized as lack of knowledge. 
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Box 5. Response to Question 12 by Bard 

12.1. The response is (d), internal energy. 

12.2. I am (a), completely certain of my response. 

12.3. The first law of thermodynamics states that the total energy of an isolated system remains 

constant. In this case, the system is the four foods in the refrigerator. Since the foods are isolated from 

the environment, their total energy must remain constant. 

The internal energy of a system is the sum of its kinetic energy and potential energy. The kinetic 

energy of a system is the energy of its motion, and the potential energy of a system is the energy of its 

position. 

Since the foods are not moving, their kinetic energy is constant. The potential energy of the foods 

depends on their temperature. As the foods cool down in the refrigerator, their potential energy 

decreases. 

However, the total energy of the foods must remain constant. Therefore, the decrease in potential 

energy must be compensated by an increase in internal energy. 

Therefore, the internal energy of the four foods must be equal at the end. 

12.4. I am (a), completely certain of my explanation. 

In analyzing Bard’s response, it was apparent that this chatbot also had some difficulties with 

the relationships between the concepts of heat, temperature, and internal energy, for similar reasons to 

those apparent in ChatGPT-3.5’s responses. As a result, an in-depth interview was conducted with Bard. 

During the interview, Bard was asked to define the concepts of heat, temperature, and internal energy 

separately, the responses are provided in Box 6. 

Box 6. Definitions of Heat, Temperature, and Internal Energy by Bard 

Heat: Heat is the transfer of thermal energy from one system to another. It can be measured in units of 

joules (J). The heat transferred between two systems is equal to the difference in their internal 

energies. 

Temperature: Temperature is a measure of the average kinetic energy of the particles in a system. It is 

measured in units of degrees celsius (°C) or kelvin (K). The temperature of a system is directly 

proportional to its internal energy. 

Internal Energy: Internal energy is the total energy of a system. It is the sum of the kinetic energy and 

potential energy of the particles in the system. The internal energy of a system can be changed by heat 

transfer, work, or chemical reactions. 

ChatGPT-3.5’s responses were clearer and more accurate than Bard’s definitions for these three 

concepts. Bard’s definitions mostly aligned with the scientific paradigm, but Bard also made unclear 

and controversial judgements. By Bard’s definition, “The heat transferred between two systems is equal 

to the difference in their internal energies.” However, this definition is an overgeneralization as it only 

holds true when the system is not doing work or when no work is being done by the system. Similarly, 

Bard’s definition “The temperature of a system is directly proportional to its internal energy” is not 

always true as temperature is not a quantity directly proportional to internal energy. Temperature is a 

measure of the kinetic energy subcomponent of internal energy, most often translational kinetic energy. 

For instance, stating that temperature is directly proportional to internal energy would not be 

scientifically accurate. This is because a system at absolute zero temperature would still possess internal 

energy, despite its temperature being predicted to be zero. Finally, because heat and work are effective 

in changing the internal energy of a system, they can be included in the definition of internal energy, 
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but chemical reactions should not be considered as a third variable affecting internal energy as they are 

part of the system. According to the first law of thermodynamics, the internal energy of a system 

changes due to two factors: heat given and received, and work done by or on the system. Bard, who 

generated the definitions shown in Box 6, accepted the scientifically correct definitions when presented 

with them. However, Bard’s responses were inconsistent when asked to apply these concepts in a given 

context. 

While there was a tendency for ChatGPT-3.5 to employ more precise expressions in defining 

concepts compared to Bard, it was notable that both chatbots exhibited a degree of inconsistency in 

linking concepts within context. While they were consistent in explaining the meaning of information, 

they were unable to generate responses that drew conclusions using multiple scientific concepts, 

applied concepts in a given context, and carried out complex reasoning. 

An analysis of the chatbots’ responses in terms of misconceptions revealed an interesting 

phenomenon. Overall, while ChatGPT-4 provided the most consistent scientific knowledge, it was the 

only chatbot that still generated response reflecting misconception (MC3) after being given the CCTs. 

This situation, even though it could be due to its LLM or the effectiveness of the CCTs for it to learn, 

evoked previous reports in the literature that misconceptions are challenging to correct (Taber, 2003). 

Thus, an in-depth interview was conducted with this chatbot to address MC3. Question 11 asked: “A 

girl who lives in the same house as her brother made two sandwiches for breakfast, one with sausage 

and the other with cheese. She measured that the temperature of both sandwiches from the toaster was 

the same. After 5 minutes, which of the following statements is absolutely true, given that both 

sandwiches gave off the same amount of heat to the environment?” The expected response was that the 

amount of decrease in their internal energies would be the same for both sandwiches since they gave 

off the same amount of heat to the environment. However, in the interview with ChatGPT-4, the 

response to this question was “Since both sandwiches are at the same temperature, their internal 

energies are the same”. ChatGPT-4 stated that both their internal energies and their temperatures were 

the same. When presented with the scientific information that “the internal energies of substances of 

the same temperature do not have to be equal”, while ChatGPT-4 accepted the information, it failed to 

draw the correct conclusion in the given question’s context using these concepts. 

As previously stated, ChatGPT-3.5 provided responses categorized as MC5 and MC6 in the pre-

test. After implementing the CCTs, the chatbot provided a response categorized as scientific conception 

when asked the question aimed at diagnosing the MC5 misconception. However, following the 

implementation of the CCTs, ChatGPT-3.5’s expression of MC6 was changed to lack of knowledge. It 

was therefore decided to conduct another interview with the chatbot. The question related to MC6 was 

asked in the interview: “On a cold winter day, the upper layer of Lake Abant is frozen. Which of the 

following statements about the final state of the ice layer, which has received heat from the sun for a 

while when the first light of the morning falls on it, is absolutely correct?” The expected response was 

that the internal energy of the ice layer should increase. Initially, the chatbot chose the option that the 

mass of the ice layer would decrease and provided an explanation that supported this misconception. 

After being presented with sufficient data and evidence that there is no reason for the mass to decrease, 

the chatbot responded by stating that it had no response, as indicated in Box 7. 

Box 7. The final chat response of ChatGPT-3.5 

I’m sorry, but I can’t make a definitive statement about physical conditions like this. There are many 

variables and factors involved in the state of the ice. Without specific information about the situation, 

it’s challenging to determine exactly what changes might occur. If there is specific data or a scenario 

you have in mind, I’d be glad to help. However, generally speaking, various factors can influence 

changes in the state of the ice. 
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ChatGPT-3.5 did not generate a new response after being presented with evidence and asked 

to respond. This was not surprising, as LLMs have a limited capacity to generate new ideas and make 

comparisons in reasoning compared to human learners (Talanquer, 2023). 

Bard’s responses were noteworthy for its misconceptions. Although this chatbot included both 

non-scientific and ambiguous statements, as well as scientific knowledge, in its responses in both the 

pre- and post-test data, none of its responses could be classified as misconceptions. In both the pre- and 

post-test data, Bard’s responses comprised approximately 50% and 55% scientific conception and 30% 

and 35% lack of knowledge, respectively. Although there was a partial improvement in Bard’s responses 

after the CCTs, inconsistencies in the responses to the different tiers persisted. 

Having evaluated the responses of the chatbots, it was evident that only one response including 

the misconception (MC3) of ChatGPT-4 persisted after the implementation of the CCTs. It was difficult 

to determine the extent to which the CCTs contributed to remedy responses, including misconceptions, 

given that the algorithms behind these chatbots remain undisclosed. However, the post-test responses 

were consistent with scientific knowledge and the number of incorrect responses decreased, which may 

be a positive outcome of the CCTs. 

Discussion and Conclusion 

Research has shown that, in addition to scientific knowledge, cognitive structures such as 

misconceptions and lack of knowledge may persist in learners’ minds, even after completing academic 

education (Champagne et al., 1982; Driver & Easley, 1978; Hammer, 1996). Consequently, learners may 

make scientific errors and incorrect inferences by relying on explanations that may lead to 

misunderstandings. This study explored whether chatbot-generated responses on heat and temperature 

align with misconceptions documented in the literature and how these responses compare to those of 

learners. Çelik’s (2022) study, which investigated the effectiveness of CCTs in addressing seven 

misconceptions about heat and temperature, provided a valuable framework for identifying 

misconceptions that may arise in chatbot responses and the effect of conceptual change texts on chatbot-

generated responses about heat and temperature. Çelik (2022) found that pre-service teachers held all 

seven misconceptions, with CCTs successfully addressing five of them (i.e., MC1, MC2, MC3, MC4, and 

MC7) and yielding significant overall improvements.  

Pre-test results from the current study revealed variations among chatbots in their alignment 

with misconceptions. ChatGPT-3.5's responses on heat and temperature aligned with two 

misconceptions, specifically MC5 and MC6, as identified in the literature (Güneş, 2021) and Çelik’s 

study (2022). Similarly, ChatGPT-4’s responses exhibited alignment with a single misconception, MC3, 

documented in the same sources. In contrast, the responses generated by Bard did not reflect any 

misconceptions related to these concepts. Overall, the pre-test results indicate that ChatGPT-3.5 

produced the fewest responses based on scientific knowledge, while ChatGPT-4 demonstrated a 

stronger alignment with scientifically correct responses. Bard, although free from misconceptions, 

displayed a higher percentage of lack of knowledge responses compared to ChatGPT-4. The observed 

variations in performance across the three chatbots could be linked to their underlying architectures 

and design features. ChatGPT-3.5 and ChatGPT-4, both based on OpenAI's GPT, rely on LLMs trained 

on extensive datasets with knowledge cut-offs that prevent access to information beyond their training 

periods. ChatGPT-4, a more advanced version, exhibits significant improvements in text comprehension 

and contextually accurate responses due to enhancements in its architecture and training dataset 

(OpenAI, 2023). These improvements likely contribute to its higher proportion of scientifically correct 

responses and lower incidence of misconceptions (MC) compared to ChatGPT-3.5. In contrast, Google’s 

Bard employs a different approach, integrating live web access to generate responses without the 

constraints of knowledge cut-offs (Caramancion, 2023). While Bard’s architecture allowed it to avoid 

misconceptions in this study, its higher proportion of responses categorized as lack of knowledge 

compared to ChatGPT-4 might reflect differences in how it prioritizes and processes contextual 

information. 
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Assessing the effectiveness of these three models in addressing misconception, false positive, 

false negative, and lack of knowledge by learning from prompts, such as the diagnostic tests and CCTs 

used in this study, is essential. The responses of ChatGPT-3.5 and 4, which use similar models, and 

Bard, which is based on a different model, were evaluated separately. It is important to clarify that 

ChatGPT cannot instantly be trained and learn from user-provided prompts, while Bard claims quicker 

updating capabilities, but the extent of these claims remains speculative in this context. However, it was 

anticipated that, with sufficient time, prompts could enhance the learning of both models.  

To contribute to the generated responses of the ChatGPT model, prompts are important. The 

prompt and the way it is phrased can affect the response generated. ChatGPT states the following about 

its own learning process: “My responses are generated based on a mixture of licensed data, data created 

by human trainers, and publicly available data up to my last training cut-off,” and “If there was a 

correction or improvement in my response, it could be due to the nature of your follow-up questions, 

providing more context, or refining the query, allowing me to generate a more accurate response based 

on the data I was trained on.” (OpenAI, 2023). Therefore, providing different contexts for the questions 

may be effective in eliminating inappropriate responses from the chatbot. This indicates that prompt 

engineering plays a crucial role in refining chatbot responses. 

Based on our interactions, Bard may have been more efficient in updating its responses with 

prompted information and more receptive to user feedback. Bard gave the following statement on its 

learning process: “I am always eager to learn new things and improve my understanding of the world, 

including the concepts of heat and temperature. I appreciate your offer to help me update my data,” 

and “Here’s how you can help: 1. Share your knowledge, 2. Provide specific information, 3. Point out 

potential errors, and 4. Ask follow-up questions.” The following conclusions were drawn from the 

interviews with Bard: a) Prompts are continuously stored and analyzed by its training system. b) The 

training system identifies relevant information and patterns in the data, including the prompts, and 

uses this information to update its internal knowledge base. c) The updating process in Bard is 

continuous, but the time before the responses reflect the prompts can vary depending on several factors, 

such as the complexity of the information and the amount of existing data on the concept. However, 

these claims are based on Bard’s self-reported statements and lack direct empirical support from this 

study’s data. 

It is unclear how these three chatbots, each with different response mechanisms and models, 

develop their responses to the prompts in this study because each model is still a black box. However, 

some general information about the algorithms of the models is available. Based on the available 

information, the CCTs may not have been the sole reason for the changes in misconception, false 

positive, false negative, and lack of knowledge between the pre- and post-test data. However, upon 

evaluating the HTMCT data within its limitations, it can be inferred that the obtained results are 

compatible with the model structures of these chatbots. For instance, ChatGPT-4 was trained on a wider 

range of data than ChatGPT-3.5, resulting in its enhanced ability to generate coherent and contextually 

relevant responses. Indeed, this study found that, among the three chatbots, ChatGPT-4 was the only 

one that consistently provided responses that aligned with the scientific paradigm. Despite its superior 

performance, the pre- and post-test data showed that it was still subject to MC3, indicating that it 

consistently generated responses based on this misconception. Furthermore, ChatGPT-3.5’s 

performance improved between the pre- and post-test data, the number of scientifically correct 

responses increased, while the number of responses categorized as false negative and lack of knowledge 

decreased, and responses associated with misconceptions were reduced, but it provided inconsistent 

responses in both tests. Bard’s responses were similarly inconsistent, although the number of 

scientifically correct responses increased by one. The number of false positive responses also increased 

by one, while the number of false negative and lack of knowledge responses decreased by one. Overall, 

while Bard’s responses showed some improvement after being given the CCTs, the improvement was 

not as marked as Chat GPT-3.5. 
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These findings reveal distinctions between model capabilities (e.g., training scope, algorithmic 

design) and response consistency, which are essential to contextualize the results of this limited study. 

Such variability echoes ongoing debates in science education research about the coherence of learners’ 

ideas. Some researchers have argued that learners' ideas are fragmented and context-dependent 

(Clough & Driver, 1986; diSessa, 1988; diSessa et al., 2004), while others suggest they are systematic and 

internally coherent (Kuhn, 1996; Samarapungavan & Wiers, 1997). Others propose intermediate 

positions, acknowledging the contextual nature of knowledge use (Carey, 1999; Vosniadou, 1992) and 

emphasizing that perspectives may vary based on context (Linder, 1993; Mortimer, 1995; Ueno, 1993). 

Similarly, the variability observed in chatbot responses underscores the importance of considering 

model-specific characteristics and contextual factors when interpreting their outputs. 

The nature of human learning often leads to misinterpretations of scientific knowledge due to 

the influence of a learner’s prior knowledge, which can hinder meaningful learning (Ausubel, 1968). 

Our study showed that chatbots, like preservice physics teachers in Çelik’s study (2022), may generate 

erroneous knowledge. The fundamental aim of science education is to foster a deep understanding of 

scientific concepts, practices, and the natural world, which requires engaging students in sensemaking. 

According to Ford (2012), the sensemaking process employed by experts in the field of science involves 

constructing and critiquing knowledge elements in an individual’s mind to establish coherence. 

Successful sensemaking leads to a coherent explanation that fills gaps in knowledge or resolves 

inconsistencies (Ford, 2012; Odden & Russ, 2019). Therefore, it is crucial to ensure coherence and 

consistency between generated ideas for deep learning. The results indicated that ChatGPT-3.5, 

ChatGPT-4, and Bard generated responses constrained by their training data and design parameters. 

Although ChatGPT-4’s responses exhibited improved alignment with scientific accuracy, its persistence 

with MC3 suggests limitations in its ability to reconcile conflicting concepts within the context of CCTs. 

Similarly, ChatGPT-3.5-generated responses demonstrated inconsistencies, while Bard’s responses 

avoided misconceptions but lacked depth in scientific explanations, as indicated by its higher 

percentage of lack of knowledge responses. The observed limitations in chatbots’ capabilities to draw 

conclusions using multiple scientific concepts, apply concepts in real-world contexts, and engage in 

complex reasoning in such expert-like sensemaking processes highlight their current lack of coherence-

building capabilities, contrasting with the potential for human learners to achieve deep understanding 

(Hunter et al., 2021; Odden & Russ, 2019; Sirnoorkar et al., 2024). 

Suggestions 

It is important to consider the limitations of this study. First, chatbots may be based on different 

LLM models, and even if improvements are observed in their responses, the contribution of the 

information entered in a prompt to their own LLM may be limited. Chatbots may generate different 

responses to the same questions even though they use similar LLMs (e.g., ChatGPT-3.5 and ChatGPT-

4). Furthermore, while the CCTs used in this study can improve chatbot responses, their contribution 

to updating LLMs may be limited within the short time frame of this study, specifically between the 

pre-test and post-test. Individual learning is generally considered to be a cognitive process. Therefore, 

behaviors such as verbal or written expression, may not fully reflect cognitive learning. Chatbot 

responses, which are considered behaviors, may not fully indicate what chatbots have learned. While 

chatbot models are not frequently updated, it has been observed that their responses can change, 

indicating learning. Consistency in responses to the same or similar questions can be considered an 

indicator of chatbot learning. To evaluate chatbot learning, a large number of similar questions about 

concepts such as heat and temperature can be entered. Correlations between responses to these 

questions can be analyzed to gain meaningful insight. Second, the sample of chatbot responses studied 

may not reflect future responses, especially as the underlying technologies advance. Third, this study 

focused on only three specific chatbots (i.e., ChatGPT-3.5, ChatGPT-4, and Bard), so the results may not 

be generalizable to other chatbots or AI models. Fourth, although the study found that chatbots struggle 

with complex reasoning and applying concepts in real-world contexts, it did not delve into the unique 

challenges and subtleties of this aspect. Further studies could investigate which contexts are more 
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effective and persuasive for chatbots to learn, and compare their effectiveness with that of students. 

These contexts could also be used as instructional materials. This study, consistent with previous 

research (Clark, 2023; Talanquer, 2023), showed that chatbot generated responses can include 

misconceptions, inconsistencies, and far-from-complex reasoning. Despite this, integrating chatbots into 

educational settings has the potential to improve learning environments (Chen et al., 2023). Chatbots 

can be highly useful to science instructors when designing formative assessment activities by helping 

them to delve into, challenge, and advance learner reasoning. Learners can be challenged to evaluate 

chatbot responses to misconception tests to identify correct information and eliminate misconceptions 

and errors. Chatbots can also provide explanations and clarifications on a wide range of subjects, 

making them valuable study companions for learners.  

This study highlighted the importance of considering various elements such as model 

structures, training data, and the potential role of CCTs in guiding chatbot responses. However, the 

prompt design remains crucial for all chatbots, including ChatGPT-4. While ChatGPT-4 may have 

certain advantages due to its wider range of training data and enhanced performance, prompt 

engineering still plays a vital role in guiding chatbot responses. Prompt engineering and asking 

appropriate questions is essential when interacting with chatbots. Research has indicated that chatbots 

can provide relevant responses and avoid irrelevant ones when guided by appropriate prompts (Ekin, 

2023). In this study, the use of CCTs as a tool to guide chatbot responses further underscores the 

importance of prompt engineering by showcasing how prompt design impacts chatbot responses, 

except for ChatGPT-4. In fact, ChatGPT-4 consistently provided responses with only one misconception 

and lack of knowledge for the pre- and post-test data. CCTs may not be convincing in this regard. 

Educators can benefit by prioritizing thoughtful prompt design, aligning prompts with instructional 

goals, and investing time in crafting clear and concise prompts. Through prompt design, educators can 

create a dynamic learning environment that encourages active student engagement and deepens 

conceptual understanding. By guiding chatbot responses effectively, educators can leverage technology 

to support student learning and cultivate critical thinking skills. In addition, users must refine their 

ability to formulate prompts that guide chatbots to generate relevant responses to ensure instructional 

effectiveness. Essentially, the significance of instructional practice lies in the pivotal role of prompt 

engineering in optimizing the educational impact of chatbot interactions, ultimately improving student 

learning outcomes. 

Comment Regarding the Utilization of AI Chatbots in This Paper 

While chatbots operate through algorithms and data processing that are distinct from human 

cognitive processes, comparing chatbots to typical students underscores their potential as educational 

tools and provides insight into their ability to mirror human learning. We should also note that the 

name “Bard” was changed to “Gemini” after our submission. 
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Appendix 

Heat and Temperature Four-tier Misconception Test (HTMCT) 

HTMCT was developed and implemented in Turkish. This version is translated from Turkish to 

English. 

1.1. Ali and Ömer went skiing on a cold winter’s day. Ali’s sledge is made of wood and Ömer’s is 

made of metal. While Ali’s sledge runs smoothly, when Ömer touches the sledge to ski, he thinks his 

hand is freezing on the metal and feels colder. Which of the following is the main reason why Ömer 

feels this way? 

a) The energy transferred from Ömer’s hand to the metal sledge is greater than the energy transferred 

from Ali to the wooden sledge.  

b) The temperature of the metal sledge is lower than that of the wooden sledge.  

c) The temperature of the wooden sledge is higher than that of the metal sledge. 

d) The specific heat of the metal sledge is higher than the specific heat of the wooden sledge. 

e) The energy transferred from Ali’s hand to the wooden sledge per unit time is greater than the 

energy transferred from Ömer to the metal sledge. 

f) Other (please specify): ................................................... 

1.2. How confident are you in your response to 1.1 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

1.3. What is the scientific reason for your response to 1.1 above? Please explain in your own 

words…………........................................................................ 

1.4. How confident are you in the reason you gave in 1.3 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

2.1. Ayşe, a curious student, puts a teapot of water with an initial temperature of 60 oC in the 

refrigerator and measures it every 10 minutes. She records the results in the table below.  
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Time (minute) Temperature of water (oC) 

0 60 

10 48 

20 40 

30 30 

40 25 
 

According to this table, which of the following statements about the water temperature change is 

correct? 

a) The temperature of the water will change by half in 30 minutes.  

b) The temperature of the water will change by 35 oC in 40 minutes.  

c) The temperature of the water at the end of the measurement is even less than half the initial 

temperature.  

d) At the end of the measurement, the refrigerator transferred heat to the water. 

e) If the measurement had been taken at the end of 50 minutes, the temperature of the water would 

have decreased by one third. 

f) Other (please specify): .........................................................................................  

2.2. How confident are you in your response to 2.1 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

2.3. What is the scientific reason for your response to 2.1 above? Please explain in your own 

words…………........................................................................ 

2.4. How confident are you in the reason you gave in 2.3 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 
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3.1. Buse placed 500 mL of water in one of two identical aluminum pots and 500 mL of milk in the 

other and heated them on the stove for 5 minutes. Since it is known that equal volumes of water and 

milk, initially at room temperature, received the same amount of heat from the stove for 5 minutes, 

which of the following is absolutely true? 

a) Their masses are equal.  

b) Their internal energies are equal. 

c) Their changes in temperature are the same. 

d) Their changes in internal energy are the same.  

e) Their heat capacities are the same. 

f) Other (please specify): .......................................................................................  

3.2. How confident are you in your response to 3.1 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

3.3. What is the scientific reason for your response to 3.1 above? Please explain in your own 

words…………........................................................................ 

3.4. How confident are you in the reason you gave in 3.3 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

4.1. When Zeynep comes home from school, she puts a small bottle of 0.5 L of pure water and a large 

bottle of 1.5 L of pure water in a refrigerator, both of which have an initial temperature of 20 oC. After 

a sufficient period of time, she opens the refrigerator and sees that the temperature of both bottles of 

water has decreased to 4 oC. Which of the following statements is true about the process of 

temperature change in the refrigerator? 

a) The heat given off by the water in the small bottle is greater.  

b) The heat given off by the water in the small bottle is less.  

c) The internal energy change of the water in both bottles is the same.  

d) The change in temperature of the water in the small bottle is less. 

e) The temperature change of the water in the larger bottle is greater. 

f) Other (please specify): ........................................................................................  
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4.2. How confident are you in your response to 4.1 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

4.3. What is the scientific reason for your response to 4.1 above? Please explain in your own 

words…………........................................................................ 

4.4. How confident are you in the reason you gave in 4.3 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

5.1. When Ali comes home from school, he sees his mother cooking in the kitchen. Realizing that Ali is 

very cold, his mother gives him a small bowl of the soup she has just cooked. Ali cannot drink the 

soup at 60 oC because he finds it too hot. He takes the lemon juice at 4 oC from the refrigerator and 

adds it generously to the soup. This makes it easier for him to drink the soup. Which of the following 

could be the temperature of the soup that Ali can drink? 

a) 64 oC  

b) -64 oC 

c) 0 oC 

d) 50 oC  

e) -50 oC 

f) Other (please specify): specify) .........................................................................................  

5.2. How confident are you in your response to 5.1 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 
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5.3. What is the scientific reason for your response to 5.1 above? Please explain in your own 

words…………........................................................................ 

5.4. How confident are you in the reason you gave in 5.3 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

6.1. The equation Q=mc∆T can be used to determine the heat exchange of a substance. Where Q is the 

heat exchanged, m is the mass of the substance exchanging heat, c is the specific heat of that 

substance, and ∆T is the temperature change of that substance. Which of the following best explains 

this expression? 

a) The temperature of each substance that receives heat increases.  

b) The temperature of each substance that gives off heat decreases.  

c) A difference in temperature causes an exchange of heat.  

d) When a substance receives heat from another substance, the temperature difference between them 

increases. 

e) When one substance gives heat to another substance, the temperature difference between them 

increases. 

f) Other (please specify): .......................................................................................  

6.2. How confident are you in your response to 6.1 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

6.3. What is the scientific reason for your response to 6.1 above? Please explain in your own 

words…………........................................................................ 
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6.4. How confident are you in the reason you gave in 6.3 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

7.1. What is the energy given or received by a substance due to a temperature difference? 

a) Kinetic energy 

b) Temperature  

c) Internal energy 

d) Heat capacity 

e) Heat  

f) Other (please specify): .....................................................................................  

7.2. How confident are you in your response to 7.1 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

7.3. What is the scientific reason for your response to 7.1 above? Please explain in your own 

words…………........................................................................ 

7.4. How confident are you in the reason you gave in 7.3 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 
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8.1. While cotton is generally preferred for summer clothing, wool is preferred for winter clothing. 

According to this information, which of the following is the main reason why wool clothing is 

preferred in winter? 

a) It raises the body temperature. 

b) It increases the body’s internal energy. 

c) It raises the temperature of the environment. 

d) It reduces heat loss from the body.  

e) It increases the internal energy of the environment. 

f) Other (please specify): .......................................................................................  

8.2. How confident are you in your response to 8.1 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

8.3. What is the scientific reason for your response to 8.1 above? Please explain in your own 

words…………........................................................................ 

8.4. How confident are you in the reason you gave in 8.3 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

9.1. Ezgi goes on a snow vacation to Mount Uludag, skis all day and gets very cold. In the evening, she 

goes to the sauna of the hotel where she is staying for the first time in her life to warm up. Although 

the temperature is 80 oC, she is happy to be able to sit comfortably on the wooden steps in the sauna. 

When she touches the nail used to hold the wooden steps in place with her finger, she feels that the 

skin of her finger almost burns to the nail and it hurts. Which of the following is true about the main 

reason why Ezgi’s finger skin burns when she touches the metal nail, although she feels no discomfort 

when she touches the wood? 

a) The energy transferred per unit time from the nail to the finger is greater than that transferred from 

the wood. 

b) The energy transferred per unit time from the wood to the finger is greater than that transferred 

from the nail.  

c) The temperature of the wood is lower. 

d) The temperature of the nail is higher.  

e) The specific heat of the nail is higher. 

f) Other (please specify): ......................................................................................  
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9.2. How confident are you in your response to 9.1 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

9.3. What is the scientific reason for your response to 9.1 above? Please explain in your own 

words…………........................................................................ 

9.4. How confident are you in the reason you gave in 9.3 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

10.1. When measured in a city, the average air temperature is 0 oC when it is snowing. After snowfall, 

the average air temperature on clear days can drop to -4 oC. On sunny days the average temperature 

can be 10 oC. Which of the following is true about the air temperature in this city? 

a) The average air temperature on clear days is 4 times lower than on days when it snows. 

b) The average air temperature on sunny days is 10 times higher than on snowy days. 

c) The average air temperature on sunny days is 14 times higher than on clear days. 

d) When it snows, the average air temperature is 4 oC higher than on clear days. 

e) On sunny days, the average air temperature is 6 oC higher than on clear days. 

f) Other (please specify): ......................................................................................  

10.2. How confident are you in your response to 10.1 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 
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10.3. What is the scientific reason for your response to 10.1 above? Please explain in your own 

words…………........................................................................ 

10.4. How confident are you in the reason you gave in 10.3 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

11.1. A girl who lives in the same house as her brother made two sandwiches for breakfast, one with 

sausage and the other with cheese. She measured that the temperature of both sandwiches from the 

toaster was the same. After 5 minutes, which of the following statements is absolutely true, given that 

both sandwiches gave off the same amount of heat to the environment? 

a) Their internal energies are equal. 

b) Their heat capacities are the same. 

c) Their masses are equal. 

d) Their temperature changes are the same. 

e) Their internal energy changes are the same. 

f) Other (please specify): ......................................................................................  

11.2. How confident are you in your response to 11.1 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

11.3. What is the scientific reason for your response to 11.1 above? Please explain in your own 

words…………........................................................................ 
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11.4. How confident are you in the reason you gave in 11.3 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

12.1. In the refrigerator of a house there are different amounts of cheese, olives, eggs, and apples, 

bought at different times. After being in the refrigerator for a long time, they have stopped exchanging 

heat with each other and with the environment. What quantity of these foods is absolutely the same?  

a) The amount of heat they take from the environment 

b) The heat they give off to the environment 

c) Final temperatures  

d) Final internal energies 

e) Temperature changes after being put in the refrigerator 

f) Other (please specify): ................................................... 

12.2. How confident are you in your response to 12.1 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

12.3. What is the scientific reason for your response to 12.1 above? Please explain in your own 

words.…………........................................................................ 

12.4. How confident are you in the reason you gave in 12.3 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 
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13.1. In the classroom, the teacher asks the students, “If we mix 1 L of hot water boiled in a teapot at 90 

oC with 1 L of water kept in the refrigerator at 10 oC, what will be the final temperature of the 

mixture?” For this question, which of the following students’ answer and justification about the final 

temperature of the mixture is scientifically correct? 

a) Ayşe: Because we have to subtract the temperature of the cold water from the temperature of the 

hot water, it will be 80 oC. 

b) Büşra: Since we have to add the temperature of both waters, it will be 100 oC. 

c) Can: Since we have to divide the temperature of the hot water by the temperature of the cold water, 

it will be 9 oC. 

d) Damla: Since the heat given off by the hot water must be equal to the heat received by the cold 

water, it will be 50 oC. 

e) Ela: It will be 0 oC because the mass of both water is equal. 

f) Other (please specify): ......................................................................................  

13.2. How confident are you in your response to 13.1 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

13.3. What is the scientific reason for your response to 13.1 above? Please explain in your own 

words…………........................................................................ 

13.4. How confident are you in the reason you gave in 13.3 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 
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14.1. On a cold winter’s day, the upper layer of Lake Abant is frozen. Which of the following 

statements about the final state of the ice layer, which is known to have received heat from the Sun for 

a while when the first light of the morning falls on it, is absolutely correct? 

a) Its internal energy has increased. 

b) Its temperature has increased. 

c) Its density has decreased. 

d) Its mass has decreased. 

e) It changed from ice to liquid. 

f) Other (please specify): ......................................................................................  

14.2. How confident are you in your response to 14.1 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

14.3. What is the scientific reason for your response to 14.1 above? Please explain in your own 

words…………........................................................................ 

14.4. How confident are you in the reason you gave in 14.3 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

15.1. A clothing company wrote in the description section of the vest it sells as suitable for mountain 

hiking when the air temperature reaches 7-10 oC: “It functions by trapping air through the volume it 

takes up due to its texture. The trapped air keeps the body warm with its natural insulating 

properties.” If this explanation is correct, which of the following is the main reason why the vest keeps 

hikers warm? 

a) It raises the temperature of the air. 

b) It increases the body’s internal energy. 

c) It reduces the body's heat loss. 

d) It increases the body temperature. 

e) It increases the internal energy of the air. 

f) Other (please specify): ......................................................................................  
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15.2. How confident are you in your response to 15.1 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

15.3. What is the scientific reason for your response to 15.1 above? Please explain in your own 

words…………........................................................................ 

15.4. How confident are you in the reason you gave in 15.3 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

16.1. Which of the following is an indicator of the average translational kinetic energy of the particles 

of a substance? 

a) Heat 

b) Temperature 

c) Specific heat 

d) Internal energy 

e) Kinetic energy 

f) Other (please specify): ......................................................................................  

16.2. How confident are you in your response to 16.1 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 
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16.3. What is the scientific reason for your response to 16.1 above? Please explain in your own 

words…………........................................................................ 

16.4. How confident are you in the reason you gave in 16.3 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

17.1. Ali, on his way to work at a temperature of -20°C, feels his skin frozen to the metal hood of his 

car, waiting outside until morning, when he touches it with his right hand. Frightened this time, he 

touches the plastic door handle with his left hand and opens it easily. Which of the following 

statements is the main reason for this situation? 

a) The energy transferred from the right hand to the metal is greater than the energy transferred from 

the left hand to the plastic. 

b) The temperature of the metal is lower. 

c) The heat transfer rate of the right hand is less than that of the left hand. 

d) The energy transferred per unit time from the plastic to the left hand is greater than the energy 

transferred from the metal to the right hand. 

e) The temperature of the plastic is higher. 

f) Other (please specify): ......................................................................................  

17.2. How confident are you in your response to 17.1 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

17.3. What is the scientific reason for your response to 17.1 above? Please explain in your own 

words…………........................................................................ 
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17.4. How confident are you in the reason you gave in 17.3 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

18.1. Ayşe puts a box of cheese and a box of olives from the supermarket with the same initial 

temperatures in the refrigerator and leaves them there for half an hour. Since it is known that the 

boxes of cheese and olives give off the same amount of heat to the refrigerator, which of their 

quantities is absolutely equal at the end of this time? 

a) Heat capacities 

b) Masses 

c) Internal energy changes 

d) Temperatures 

e) Internal energies 

f) Other (please specify): ......................................................................................  

18.2. How confident are you in your response to 18.1 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

18.3. What is the scientific reason for your response to 18.1 above? Please explain in your own 

words…………........................................................................ 

18.4. How confident are you in the reason you gave in 18.3 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 
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19.1. The ayran container and yogurt and water to be used in making ayran are kept in the refrigerator 

until the temperature of each is 4 oC. In this container, 100 g of yogurt and 100 g of water are added to 

obtain ayran. Since there is no heat exchange between this container, yogurt, and water, what is the 

final temperature (in oC) of ayran? 

a) 8 

b) 1 

c) 0 

d) 16 

e) 4 

f) Other (please specify): ......................................................................................  

19.2. How confident are you in your response to 19.1 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

19.3. What is the scientific reason for your response to 19.1 above? Please explain in your own 

words…………........................................................................ 

19.4. How confident are you in the reason you gave in 19.3 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

20.1. Woolen clothing is preferred to protect against extreme cold. Which of the following is more 

likely to be a reason for preferring woolen clothing? 

a) The use of double glazing in windows to prevent heat loss in houses. 

b) Salt on the roads to prevent icing. 

c) Warming cold hands on the stove. 

d) Wearing dark clothes in cold weather. 

e) Car and door handles made of plastic to prevent skin damage in extremely cold weather. 

f) Other (please specify): ......................................................................................  
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20.2. How confident are you in your response to 20.1 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

20.3. What is the scientific reason for your response to 20.1 above? Please explain in your own 

words…………........................................................................ 

20.4. How confident are you in the reason you gave in 20.3 above? 

a) I’m certainly sure 

b) I’m sure 

c) I don’t know if I’m sure 

d) I’m not sure 

e) I’m not certainly sure. 

 

 


