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This study aimed at evaluating how students perceive the linguistic quality and scientific accuracy of
ChatGPT responses to physics comprehension questions. A total of 102 first- and second-year physics
students were confronted with three questions of progressing difficulty from introductory mechanics
(rolling motion, waves, and fluid dynamics). Each question was presented with four different responses. All
responses were attributed to ChatGPT, but in reality, one sample solution was created by the researchers.
All ChatGPT responses obtained in this study were wrong, imprecise, incomplete, or misleading. We
found little differences in the perceived linguistic quality between ChatGPT responses and the sample
solution. However, the students rated the overall scientific accuracy of the responses significantly
differently, with the sample solution being rated best for the questions of low and medium difficulty. The
discrepancy between the sample solution and the ChatGPT responses increased with the level of self-
assessed knowledge of the question content. For the question of highest difficulty (fluid dynamics) that
was unknown to most students, a ChatGPT response was rated just as good as the sample solution. Thus,
this study provides data on the students’ perception of ChatGPT responses and the factors influencing
their perception. The results highlight the need for careful evaluation of ChatGPT responses both by
instructors and students, particularly regarding scientific accuracy. Therefore, future research could
explore the potential of similar “spot the bot” activities in physics education to foster students’ critical
thinking skills.
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I. INTRODUCTION

On November 30, 2022, the artificial intelligence
(AI) company OpenAI released the large-language model
ChatGPT [1] to the public [2]. Even though the use of
generative AI in education was widely discussed within
the community before [3] since the release of ChatGPT,
the discussion on how generative AI will change the
education sector has gained public attention. The new
quality of ChatGPT is that it is easily accessible to
everyone, can be used in a wide field of applications,
and the answers are often of an unmatched quality [4–8],
even for highly specialized fields [9].
ChatGPT and similar chatbots, which are one class of

generative AI, will be used by different stakeholders in

education in various use cases, e.g., for generating practice
problems, step-by-step solutions, summaries, and outlines
of texts, to name only a few [3]. Since these chatbots are
designed not to have a particular use case, but to be a
versatile tool, they are used by students for getting answers
to all kinds of problems, among them answering factual and
conceptual questions about physics [4,7].
However, as long as chatbots are solely based on large

language models without access to a structural knowledge
base, the generated responses are based on a plethora of
different texts with which the algorithm was pretrained.
Such texts may include misconceptions, and faulty logic,
but also partly correct explanations. Briefly said, they are a
mixture of all kinds of texts on that topic present in the
training data, which—in the case of ChatGPT—includes
parts of the worldwide web up to a certain date (e.g., the
year 2021 for the current version of ChatGPT). And even
though future models will use results from web searches to
base their responses, they might still be faulty and exhibit
similar flaws as described above.
So, when physics students use ChatGPT or a similar

chatbot to solve physics questions, they are confronted
with different challenges. First, the model may not always
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provide accurate or complete responses (see above).
While ChatGPT has access to a vast amount of informa-
tion, its responses are not perfect and may not exhibit
the same level of understanding or depth of knowledge
as a human expert in the field of physics. Furthermore,
the responses generated by ChatGPT may be based on
prompts that exhibit a wrong understanding of the context
or nuances of the particular physics problem, which could
lead to incorrect or irrelevant responses. Students need to
provide detailed information and context about the prob-
lem they are trying to solve to receive a useful response
from the model [8]. Finally, the responses might not be
factually wrong but do not explain anything. Given a well-
written text from a supposedly authoritative source, this
might create an illusion of understanding where students
believe they have grasped the concept, but in reality, they
only memorize a response without a full comprehension
of the problem and its solution. This can hinder their
ability to learn and apply the concepts in future problem-
solving situations.
Thus, meaningful and fruitful use of generative AI

tools like ChatGPT by students requires reflection and
digital literacy, e.g., to identify whether ChatGPT
responses are correct and helpful for answering the
question. In the present study, we investigate to which
extent students adequately perceive the (a) scientific
accuracy and (b) linguistic quality of ChatGPT responses
to introductory physics questions. By doing so, the study
contributes to understanding student interactions with
generative AI in education and how these interactions
impact students’ learning experiences. Connected to this
line of research are plenty of new research questions,
including the impact of using generative AI on students’
motivation, engagement, and attitudes toward learning,
and the potential benefits and limitations of integrating
generative AI into physics curricula and pedagogical
practices.

II. STATE OF RESEARCH AND
RESEARCH QUESTIONS

A. Chatbots and their use in education

Chatbots have been around for several decades. The first
chatbot that was introduced to the public was ELIZA [10]
already in 1966. This chatbot used a set of rules on how to
react to specific keywords within the prompts to emulate a
psychotherapist’s answers to questions. Today’s generative
AI tools work on an entirely different model. They use
enormously large amounts of training data to build a
statistical model of language.
Chatbots have various applications for education.

According to a recent review [11] based on 53 studies
from 2016 to 2021, the most common application that was
investigated in the literature was teaching and learning, i.e.,
for instructors to deliver course content or to provide

students with engaged experience, and for students to
ask questions, and to get individualized help. Besides
teaching and learning, chatbots can assist students in
research and development, advise students (e.g., for deci-
sions about career and education), as well as assist
instructors with assessment and administrative tasks.
Besides possible applications, also the acceptance of

using AI tools, such as chatbots, among instructors and
students has been investigated [12,13]. It was found that the
perceived risk of the technology has a negative impact on
the attitude toward the adoption of AI while the effort
expectancy, i.e., the perceived ease of use has a positive
impact. The attitude toward adopting AI technology acts as
a strong predictor variable for the behavioral intention of
using AI technology in education [13].
The recently published chatbot ChatGPT is a refined

version of the large-language models InstructGPT [14]
and GPT-3.5. These models are based on a large body of
Internet data and were trained with different methods of
human feedback [2]. Since its release on November 30,
2022, it has been updated several times to react to user
feedback [15]. However, as the developers of ChatGPT
write on their website [2], “ChatGPT sometimes writes
plausible-sounding but incorrect or nonsensical answers.
Fixing this issue is challenging […].” After conducting
this study and while writing this paper, a new model,
GPT-4 [16], was introduced by OpenAI, which is not only
capable of processing language but also multimodal input.
Also, the performance of GPT-4 when responding to
physics problems is reportedly much better than that of
GPT-3.5 [9,17].
The unmatched quality of ChatGPT responses is the

reason why it has reached much media attention [18–20]
and is currently an arising object of interest for research
across many fields. Several researchers have examined the
quality of ChatGPT responses to exam questions, notably
for medical [6], pharmaceutical [21], law [5], economics
[22], and physics exams [4,7]. They found that ChatGPT
can answer enough questions sufficiently correctly to pass
standardized exams in various fields. However, a recent
review of the performance of ChatGPT on multiple choice-
based exams concluded that, overall, ChatGPT performs
only modestly on these tasks, especially when they
included problem-solving, transfer tasks, or maths prob-
lems [23]. It was concluded that ChatGPT can outperform
humans especially on mere recall questions, but not on
questions that ask for problem-solving or transfer [22,23].
Especially for physics questions, the studies noted that
ChatGPT exhibits errors that resemble those of novice
physics learners while not showing any signs of metacog-
nition, i.e., ChatGPT presents potentially false information
as if it was a fact [4,7,8]. This issue has been reportedly
partly resolved in the latest version of ChatGPT (GPT-4),
while also this model still produces erroneous responses in
certain cases [17]. In a recent pilot study [24], two activities
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with ChatGPT regarding the critical thinking skills of
students were implemented in the physics classroom.
The study gave hints toward a positive influence of this
activity toward ChatGPT.

B. Illusion of understanding

Since misconceptions might be included in responses
from ChatGPT (cf. Refs. [4,7]), it is crucial to have an
understanding of the topics concerned when working with
those responses. However, the self-assessed understanding
often does not match with an actual understanding [25]. In a
recent study [26], it was shown that students who watched
explanatory videos containing misconceptions developed
an equal belief of understanding as students who watched
similar videos without these misconceptions. This research
can be applied to the use of chatbots which might give
faulty explanations to physics questions. If students use
these chatbots, they might believe in faulty explanations
because they might sound plausible, are perhaps written
engagingly, or the design of the webpage could add to the
illusion of credibility.

C. Research questions

As far as we know, besides testing the chatbot
ChatGPT in the context of physics tasks, no survey
has been conducted yet that faces the students’ perception
of ChatGPT responses. However, as ChatGPT is an
emerging tool also in the educational context, one needs
to consider that (physics) students’ use and will use
ChatGPT for solving physics questions. Building on the
partly faultiness of ChatGPT responses, it would be
important that students critically evaluate the responses
provided by ChatGPT to identify errors and incomplete-
ness of responses. Therefore, our research interest is
whether physics students can adequately evaluate
ChatGPT responses to physics questions. Accordingly,
our main research question is:

1. How do introductory physics students rate ChatGPT
responses to phenomenological mechanics compre-
hension questions in terms of scientific accuracy and
linguistic quality compared to a (masked) sample
solution?

As written above (Sec. II B), the illusion of under-
standing refers to the tendency of students to overestimate
their understanding of a topic, particularly when they have
limited knowledge or incomplete information. This could
result in judgment errors. In the context of rating ChatGPT
responses, students who have limited content-related exper-
tise might be more likely to give higher ratings to responses
that they believe are correct, even if they do not fully
understand the topic. This could lead to inaccurate
evaluations of the quality of ChatGPT responses. There-
fore, it is important to examine how the students’ self-
estimated content-related expertise influences their rating
of ChatGPT responses, as this could help to identify

potential sources of bias in the evaluation process and
shed light on the accuracy of the ratings. Therefore, the
second research question acknowledges that the evaluation
of ChatGPT responses might depend on the prior knowl-
edge regarding the physics question itself:

2. What impact does the students’ self-estimated con-
tent-related expertise have on this rating?

The linguistic quality of a response might also influence
how accurately it is rated. A response that is well written
and clearly explains the scientific concepts might be more
likely to be rated as accurate, even if it contains errors or
misconceptions. Therefore, this research question about
the interdependence of scientific accuracy and linguistic
quality is important to investigate because it can help to
identify the impact of linguistic quality on the illusion of
understanding. The third research question, therefore,
investigates the interdependence of scientific accuracy
and linguistic quality.

3. Do any (potential) discrepancies regarding the rating
of scientific accuracy still exist when the rated
linguistic quality of the responses is considered
and corrected for?

III. METHODS AND MATERIALS

The instrument consisted of two parts. In the first
part, demographic information as well as information
on the students’ attitudes toward AI was collected. In the
second part, the students were presented with three
physics questions, and subsequently, for each question,
three responses were provided by ChatGPT as well as
one sample solution provided by the authors that was
also labeled as a ChatGPT response. The students should
then assess the perceived quality of the responses as a
solution to the question. The instrument was given to
the students in the German language (see Table V in the
Appendix A for the original and translated form of the
questions). In this section, it is described in the trans-
lated form.

A. Survey instrument

The questionnaire was implemented as an online survey
in the open-source tool LimeSurvey. After a front page on
which the students were briefly informed about the goal of
the survey (perception of ChatGPT responses to physics
questions among physics students) and were asked for
their consent to data collection. In the first step, the
students were asked about their subject of study (physics
major, physics teacher training, other), their current year
of study, and what gender they identify as. They were also
asked to rate three statements about their expectation of
the performance of AI (a chatbot allows me to get
accurate answers. Answers from a chatbot are not always
correct.) as well as their study-related attitude toward AI
in general [artificial intelligence (AI) is useful for my
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studies.] These items were adapted from a survey instru-
ment on the Unified Theory of Acceptance and Use of
Technology [13]. The items are answered on a 5-point
Likert scale (strongly disagree, disagree, neither agree
nor disagree, agree, strongly agree), but the students
could also skip the question (don’t know/prefer not
to say).
Subsequently, they were asked whether they have heard

about the chatbot ChatGPT (Have you ever heard of
ChatGPT?) and if so, how often (never, once, 2–5 times,
more than 5 times) they have used it so far to work on
physics exercises in their studies and for other (e.g., private)
use cases, respectively. After that, they were given a brief
explanation of what ChatGPT is and what they will have to
do in the remainder of the survey. We only explained
ChatGPT at this stage to not bias the students’ responses to
the previous questions.
In the second step, students were presented with three

physics comprehension questions one after another (fur-
ther described in Sec. III B) and were asked to give an
estimation of their level of performance when the ques-
tions would have been part of an exam [Without solving
the question yourself: Estimate how many points you
would have received on this question in a written exam
(0-6 points)]. This form of self-assessment comes close to
what [27] has described as the “guess your grade” model
of self-assessment research. Even though this form of self-
assessment usually has clear disadvantages (e.g., system-
atic overestimation of one’s abilities), we use the students’
ratings as an estimation of their potential performance
on these questions. We did not want to let the students
solve the questions themselves, first because of time
constraints and second because their opinion about the
presented responses would have been influenced too
much. However, it is likely that students started to craft
a solution in their minds. In follow-up studies, one could
use other indicators of performance that are not based on
self-assessments.
In the third step, after each question and the respective

self-assessment, the students were presented successively
with four responses to these physics comprehension
questions, all of them labeled as written by ChatGPT.
However, only three responses were provided by
ChatGPT, the fourth response was a sample solution
written by the authors and containing a correct and
complete explanation of the question. The students were
asked to rate each response regarding five criteria on a
5-point Likert scale (very low, low, medium, high, very
high). The criteria address both the scientific accuracy
(factual correctness and degree of completeness) and the
linguistic quality (comprehensibility and quality of the
language) of the responses. Additionally, the students
were asked whether the presented response would be an
appropriate sample solution for the question (suitability
as a sample solution). As will be described in Sec. V C,

the first two and the last item would later be combined
into the scale of scientific accuracy while the third
and fourth item would be combined into the scale of
linguistic quality. The students also had the opportunity to
take another look at the question itself. All four responses
to be rated for each question were displayed to the
participants in a randomized order to minimize the effect
of judgment errors (e.g., that the participants rate the
first displayed response better or worse than later
responses as they have no comparison in the first place).
The same procedure was applied to the other two physics
questions.
The study variables scientific accuracy and linguistic

quality were collected by rating scales, so that strictly
speaking one would have to refer to the “perceived”
scientific accuracy and perceived linguistic quality.
Also, to keep the test load limited, we only used 5 items
to assess these constructs, since the survey should be
feasible within a 30-min time frame at the end of a
lecture to gather answers from as many students as
possible. With 12 assessed responses, this would not
be possible with a more detailed scale to answer for each
response.
The survey ended with an open text field in which the

participants could write any comment regarding the
survey if necessary (Would you like to tell us something
concerning the survey in conclusion? Then you can do
so here…).

B. Physics questions and responses

We formulated three physics comprehension
questions in the German language which belong to three
different topics of the lecture on mechanics for first-year
physics students. These topics were rolling motion,
waves, and fluid mechanics. The questions were con-
structed such that they belong to three progressing levels
of difficulty. The rolling motion question (question 1)
was a mere repetition for most of the students as they
have seen the same question (and its solution) a
few weeks before as an exercise question. The wave
question (question 2) was an application of knowledge
the students have learned a few weeks before. And the
fluid mechanics question (question 3) required a transfer
of knowledge to an unknown and more complex problem
which required students to combine several concepts they
have learned.
For each question, five different responses were gen-

erated using the January 9 release of ChatGPT [15]. For
each response, a new chat was opened, so the program was
not influenced by its previous responses. The program
was prompted with the German questions formulated
before and the responses were taken as is, with two
exceptions: Prompted with the first question, the program
responded in English on one occasion. In this case, the
program was subsequently asked to write that response in
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German. The response to that question was then taken as
the final response. Prompted with the second question,
the responses to the program were significantly longer
than the responses to the other two questions. Therefore,
the program was asked to shorten its response to one
paragraph. Additionally, one correct and complete
sample solution per question was formulated by the
researchers (referred to as sample solution). The sample
solution was given in the same style as the ChatGPT
responses, i.e., as pure, explanatory text. For each
question, three ChatGPT responses were selected to
account for the variety of different responses given by
the program and at the same time to keep the rating effort
for the students acceptable. The selection was made
during the pilot phase in a process described in Sec. III C.
All questions, ChatGPT responses, and sample solutions
as well as their English translations are provided in
Table VI in the Appendix B. Exemplary, question 3
including the three selected ChatGPT responses and the
sample solution in a translated form can be found in
Table I.

C. Validation and pilot of the survey

The questions and all initially generated responses
(five responses provided by ChatGPT and the sample
solution) were validated with physics faculty staff
(referred to as experts in the following) and physics

students of higher years of study. The pilot had three
different goals:

(i) Based on the responses of all pilot participants, the
perceived variety of the quality in the five ChatGPT
responses was investigated to select those three
ChatGPT responses for the main survey whose
quality was assessed most differently to represent
the quality continuum of ChatGPT responses. The
three chosen responses chosen should reflect the
range of responses obtained. Additionally, it served
as a manipulation check by testing if the sample
solution performs best.

(ii) With the experts, we also checked if the sample
solution needed any revision. In case the experts
rated one sample solution to be unsuitable as such,
they were subsequently asked to state clearly what
the reason was.

(iii) With the students of higher semesters, the
comprehensibility of the survey text elements
as well as the necessary amount of time for
participation in the survey was piloted. Thus, time
stamps were taken and the students answered
four open questions regarding the comprehensi-
bility of the survey text elements and the criteria in
particular.

In total, the responses were rated fully by seven and
additionally partly by three experts for question 1, fully
by three and additionally partly by two experts for

TABLE I. Question and responses for question 3 (fluid mechanics) with a high level of difficulty. Responses 3.3 to 3.5 were generated
by ChatGPT in German and translated afterward, response 3.6 is the sample solution created by the authors.

Question 3

Paper scraps are lying on the bottom of a glass filled with water. You stir the water with a spoon.
After removing the spoon, you observe that the paper scraps rise and collect in the middle of the

bottom after sometime. Explain this phenomenon!

R3.3 This phenomenon can be explained by the process of sinking and rising of air bubbles in the water. When the water is
stirred with a spoon, air bubbles are stirred into the water, which collects on the paper scraps and causes them to float
upwards. After some time, the paper scraps sink again as the air bubbles escape from the paper scraps and the paper
scraps have their specific gravity again, which drives them back to the bottom. Therefore, the paper scraps collect in
the middle of the bottom because the air bubbles are no longer present and the paper scraps have their specific
weight.

R3.4 This phenomenon is explained by the so-called Buoyancy effect. When you stir the water with the spoon, a current is
created that pushes the paper shreds upwards. However, the paper scraps sink again because their specific weight is
greater than that of the water and they, therefore, sink back down. The paper scraps finally collect in the middle of the
bottom, as they come to rest there due to the natural balancing of the currents.

R3.5 This phenomenon occurs because the paper initially has a higher density than the surrounding water, which causes it to
sink. However, when it absorbs water and thus reduces its density, it rises. Eventually, however, it becomes heavier
again and, due to its greater density, sinks to the bottom, where it gathers in the middle.

R3.6 The spoon causes the water to rotate so that a centrifugal force acts on the water. This force is countered by a frictional
force due to the friction of the water with the bottom of the glass. The resulting velocity gradient creates a secondary
flow superimposed on the rotational motion. This flow runs from the center of the bottom of the glass upwards, in
higher layers towards the edge, at the edge of the glass downwards, and at the glass bottom towards the center. The
paper scraps are carried along by this flow. After removing the spoon, the flow decreases due to friction and the
shreds finally collect in the center of the bottom.
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question 2, and fully by three experts for question 3.
Furthermore, five students (physics major or physics
teacher-student, 3rd to 5th year) rated the 18 responses
to all three questions. The pilot phase revealed the
following:

(i) The results of the validating and pilot phase were
used to decide which ChatGPT responses are
used in the final instrument. Generally, we imple-
mented the ChatGPT responses into the instrument
which were rated worst and best on average
throughout all criteria and all participants in the
pilot study. To choose a third response, we took
additional qualitative criteria into account, such as
the differentiability between different responses.
For example, if all but one response share a certain
type of explanation, we implemented also the
one that used another type of explanation. The
precise reason for every response that was imple-
mented or not implemented is given in Table VI in
the Appendix B.

(ii) The experts rated the sample solution highest
in all five categories, so they can be assumed to
be suitable as such. One expert rated the sample
solution of question 1 as unsuitable. Based on the
written feedback, response 1.4 (sample solution)
was improved by adding a missing condition
(cf. Table VI). Also, one expert rated the sample
solution of question 2 as unsuitable but did not
give any reason, so we could not take that
judgment into account in the revision of this
solution. One expert rated the sample solution of
question 3 as unsuitable but stated in the com-
ment that they rushed through and probably did
not read the question correctly. Additionally, one
pilot participant reached out after the main study
had already begun and pointed out that mention-
ing “centrifugal force” in the sample solution to
question 3 is an imprecision when describing the
problem in the fixed frame, even though the term
is often used colloquially in textbooks and lec-
tures. However, the sample solution remained a
valid and complete explanation of the phenome-
non (cf. Table I). Since the term is still widely
used in German introductory textbooks, it is
unlikely that students judged the response due
to this term.

(iii) The students perceived the survey as largely
comprehensible. They had difficulties in distin-
guishing between the formerly used criteria
Sprachliche Verständlichkeit (English translation:
linguistic comprehensibility) and Sprachliche Prä-
zision (English translation: linguistic precision)
for the rating of the different responses, so
they were substituted by the already mentioned
criteria Verständlichkeit (English translation:

comprehensibility) and Sprachliche Qualität
(English translation quality of the language). The
students’ pilots lasted 23–53 min (M¼36min,
SD ¼ 11 min), so by shortening the survey as
intended (only three instead of five ChatGPT
responses per question), the intended time frame
of 20–30 min was reached.

IV. DATA COLLECTION

Data were collected with the original German version
of all physics questions, ChatGPT responses, sample
solutions, and additional questions in the survey in two
different physics courses at the University of Göttingen in
the last week of winter term 2022=2023 on February 8
and 10, 2023. The first course was the introductory
experimental physics lecture about mechanics and
thermodynamics (“Experimentalphysik 1”) for physics
majors and physics teacher students in their first semester.
The course was held by the authors themselves and
addressed the topics related to the three physics questions
in this survey. Thus, for this target group, the description
of progressing levels of difficulty described in Sec. III B
applies. The participants were briefly instructed that
ChatGPT is a new language-based AI tool that can also
be used to solve physics questions. After that, they solely
participated in the online survey that took most students
less than 20 min (M ¼ 14 min, SD ¼ 5 min). Afterward,
the students were provided the sample solutions. In
total, 84 students of this subgroup participated in this
survey. Three participants were excluded from the
dataset because they have not rated all responses for at
least one question and one further participant was
excluded due to an unrealistic fast processing time of
less than 4 min.
The second course in which the students participated in

this survey was a third-semester experimental physics
course (“Experimentalphysik III”) about wave optics and
atom physics. The lecture was held by another lecturer,
but all students should have already participated in the
first-year mechanics and thermodynamics course before.
However, the description of progressing levels of diffi-
culty does not necessarily apply to this subgroup since
they might not have seen the first question in the past.
The data collection was organized in the same way as for
the other subgroup. In total, 15 students of this subgroup
participated in this survey fully and 3 further students
partly. One participant was excluded from the further data
analysis as not all responses for at least one question
were rated.
So, in total, 94 full participants and 3 additional partial

participants were considered in the further data analysis.
A description of this group of participants regarding their
field of study, semester, and gender can be found in
Table II.
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V. RESULTS

We first report the descriptive results of the first part of
the survey about the students’ familiarity with ChatGPT
and their general attitude toward AI (Sec. VA) and the
students’ scores on their self-assessment for the three
physics questions they were given (Sec. V B). Afterward,
we describe the data reduction of the student’s answers to
the assessment of scientific accuracy and linguistic quality
of the responses (Sec. V C). Subsequently, we describe the
results of this analysis regarding the three research
questions stated in Sec. II C. First, we report the perceived
scientific accuracy and linguistic quality (Sec. V D), then
the impact of the self-assessment score on this assessment
(Sec. V E), and finally, the impact of the perceived
linguistic quality on the perceived scientific accuracy
(Sec. V F). The raw data (for reasons of data protection
without the demographic information) are provided in the
Supplemental Material [28].

A. Students’ familiarity with ChatGPT
and attitude toward AI

The majority of the students had already heard of
ChatGPT (84%) before the survey was conducted, but
only about half of them (48%) had used the chatbot. Only a
minority reported using the chatbot frequently (8%). We
also asked whether ChatGPT had ever been used in the
context of physics questions, which was denied by 74% of
the students.
In terms of attitudes regarding the role of AI in

education, the majority of students (50 out of 85) agreed

strongly that AI-generated answers can be prone to errors,
with a mean score of 4.27 out of 5 (SD ¼ 1.11). However,
when asked about the usefulness of AI chatbots for
physics studies, the level of agreement was moderate,
with a mean score of 3.47 (SD ¼ 1.06). Additionally,
students had a moderate level of expectation for accurate
answers from AI chatbots, with a mean score of
3.13 (SD ¼ 0.75).

B. Students’ self-assessment of performance
in different physics topics

Students were required to evaluate not only the given
responses to the physics questions based on various
criteria but also estimate their performance on a scale
from 0 to 6 points when they would have solved the
questions under exam conditions. The histograms in Fig. 1
depict the self-assessments of the students for the three
questions. They show that the students rated their knowl-
edge higher for the first question (related to rolling
motion; lowest level of difficulty) compared to the second
question (waves; medium level of difficulty), and the third
question (related to fluid dynamics; highest level of
difficulty). So, the students’ self-assessment is following
our intended level of difficulty.
Since the intended level of difficulty might not neces-

sarily hold for second-year students, we compared the self-
assessment rating between the first- and second-year
students by using a t test. For neither of the three questions,
we found a significant difference in the students’ self-
assessment (question 1: tð94Þ ¼ −0.4; p ¼ 0.72; question
2: tð93Þ¼0.9;p¼0.40; question 3: tð92Þ ¼ 0.1; p ¼ 0.89).

TABLE II. Overview of the number and characteristics of the participants in the two university physics courses in
which the survey was conducted.

Course 1 (Experimentalphysik I) Course 2 (Experimentalphysik III)

Participants (total) 80 fully þ4 partly 15 fully þ3 partly
Participants (cleaned) 79 fully þ1 partly 15 fully þ2 partly

Field of study
(i) Physics major 59 15
(ii) Physics teacher 16
(iii) Other 5 (math) 2 (math and applied data science)

Semester
(i) 1st semester 75
(ii) 3rd semester 3 17
(iii) >3rd semester 2

Gender
(i) Male 61 10
(ii) Female 15 5
(iii) Diverse 1
(iv) No specification 4 1
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C. Data reduction and data preprocessing

The students evaluated each response based on five
categories (i.e., factual correctness, degree of completeness,
comprehensibility, quality of the language, and suitability
as a sample solution). Exploratory factor analysis revealed
that the first two categories group together with the last one;
hence, the ratings were averaged to represent the variable
(perceived) scientific accuracy for further analysis. This

three-item scale achieved a mean reliability of Cronbach’s
α ¼ 0.80 (see Table III). Further, the third and fourth item
group together, representing the (perceived) linguistic
quality scale that obtains a mean Spearman-Brown coef-
ficient of r ¼ 0.65. The exact values of the reliabilities can
be found in Table III.

D. Analysis of perceived scientific accuracy and
linguistic quality

To answer the first research question, i.e., to evaluate
the impact of the different responses presented and
the assessment criterion (scientific accuracy vs linguistic
quality) on the students’ ratings (see Fig. 2), a two-
way repeated-measure analysis of variance (ANOVA;
4 × 2 ANOVA rm) was conducted for each of the three
questions.
For the first question, we found a statistically signifi-

cant main effect of both factors, presented response
[Fð3;285Þ¼99.9;p<0.001;η2p¼0.51] and assessment cri-
terion [Fð1; 95Þ ¼ 321; p < 0.001; η2p ¼ 0.77], and also
the interaction effect was significant [Fð3; 285Þ ¼ 114;
p < 0.001; η2p ¼ 0.55]. These results mean in particular
that (i) the expert solution received the highest ratings
among all responses (M ¼ 4.03; SD ¼ 0.81 for scientific
accuracy, M ¼ 4.07; SD ¼ 0.76 for linguistic quality);
(ii) students rated the overall linguistic quality higher
(M ¼ 3.69; SD ¼ 0.54) than the scientific accuracy
(M ¼ 2.59; SD ¼ 0.48), and (iii), there are consistently
large differences in the ChatGPT responses concerning the
assessment of the two criteria, whereas these differences
are very small in the expert solution.
For the second question, similar results were obtained.

We found a statistically significant main effect of both
factors [Fð3;279Þ¼108;p<0.001;η2p¼0.54 and Fð1; 93Þ ¼
231; p < 0.001; η2p ¼ 0.71 for the presented response and
assessment criterion, respectively] and of the interaction
[Fð3;279Þ¼ 44.6;p< 0.001;η2p ¼ 0.32]. Again, the expert

FIG. 1. Distribution of students’ self-assessment of their performance [“Without solving the question yourself: Estimate how many
points you would have received on this question in a written exam (0–6 points)”] regarding questions 1–3.

TABLE III. Reliabilities for the two scales scientific accuracy
based on the three criteria factual correctness, degree of
completeness, and suitability as a sample solution, and linguistic
quality based on the two criteria comprehensibility and quality of
the language. Cronbach’s α (for k ¼ 3 items) and Spearman-
Brown coefficient (for k ¼ 2 items; 94 to 96 d.o.f., depending on
the response) are calculated.

Question and response

Scientific
accuracy
(k ¼ 3)

Linguistic
quality
(k ¼ 2)

Question 1 (rolling motion)
R1.1 (ChatGPT) 0.82 0.61
R1.2 (ChatGPT) 0.83 0.63
R1.4 (sample solution) 0.85 0.78
R1.6 (ChatGPT) 0.62 0.66

Question 2 (waves)
R2.1 (ChatGPT) 0.73 0.73
R2.2 (ChatGPT) 0.86 0.62
R2.4 (sample solution) 0.89 0.83
R2.6 (ChatGPT) 0.81 0.71

Question 3 (fluid dynamics)
R3.3 (ChatGPT) 0.78 0.45
R3.4 (ChatGPT) 0.84 0.67
R3.5 (ChatGPT) 0.70 0.63
R3.6 (sample solution) 0.86 0.52

Mean 0.80 0.65
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solution achieved higher ratings than the ChatGPT
responses, the linguistic quality was overall assessed higher
than the scientific accuracy, and the difference between
both ratings is smaller for the expert solution compared to
the ChatGPT responses.
For the third question, the statistical analysis yielded

similar results. The main effect of both factors is
significant [Fð3; 276Þ ¼ 110; p < 0.001; η2p ¼ 0.55 and
Fð1; 92Þ ¼ 264; p < 0.001; η2p ¼ 0.74 for the presented
response and assessment criterion, respectively] as
well as their interaction [Fð3; 276Þ ¼ 102; p < 0.001;
η2p ¼ 0.53]. Inspecting the descriptive data in Fig. 2(c)
reveals that response R3.4 was rated closer to the expert
solution than any other response in the dataset. Post hoc
analyses show that the perception of linguistic quality
does not differ between R3.4 and R3.6 [Tð92Þ ¼ 1.09,
p ¼ 0.28]; however, the expert solution has significantly
higher ratings regarding the scientific accuracy than the
ChatGPT response R3.4 [Tð92Þ ¼ 2.82, p ¼ 0.01].
Figure 2 also shows that the experts (physics

faculty) systematically rate both the scientific accuracy
and the linguistic quality of the ChatGPT responses lower
than the students, while at the same time, the sample
solutions tend to receive higher ratings. In the next
section, we analyze the gaps between the ratings of
the sample solution and the chatbot responses in more
detail.

E. Analysis of the gap between the sample solution
and ChatGPT responses

To answer the second research question, we first calcu-
lated the difference between the judgments of the sample
solution (R1.4, R2.4, and R3.6) and the arithmetic mean of
ratings of the three bot responses for each question. We did
this separately for the two scales (scientific accuracy and
linguistic quality). We then subjected this gap metric
to an ANOVA with performance assessment as the

between-subjects factor (the students only gave ratings
from 1 to 6 points for their self-assessment, therefore this
factor is modeled as six-level).
This gap metric can now be used to discuss the effect

of the students’ self-assessment scores. For each of the
three questions, in Fig. 3, the gap metric is presented
over the students’ self-assessment scores. For comparison,
also the experts’ gap metric from the pilots is pre-
sented there.
In the first question, we observed a statistically signifi-

cant main effect of the self-assessment score on the
performance gap metric [Fð4; 91Þ ¼ 3.42; p ¼ 0.007;
η2 ¼ 0.14], i.e., a higher self-assessment score is correlated
with a higher discrepancy in perceived scientific accuracy
between the sample solution and ChatGPT responses.
However, we did not find any significant impact on the
gap metric related to linguistic quality. In the second
question, both gap metrics varied based on the students’
self-assessed performance score [performance: Fð5; 88Þ ¼
2.20; p ¼ 0.05; η2 ¼ 0.11; linguistic quality: Fð5; 88Þ ¼
2.52; p ¼ 0.04; η2 ¼ 0.13]. However, in the third question,
no such relationship was present. Moreover, the descrip-
tive data in Fig. 3 show that the experts assess the
scientific accuracy of the chatbot responses more differ-
ently from the sample solution than the students. The data
also show that for questions 1 and 2 (low and medium
level of difficulty), students with a higher self-assessment
score rate the responses more expertlike than students
with a lower self-assessment score (black line in the
diagram has a positive slope) while for question 3 (high
level of difficulty), the students’ rating of the responses is
almost independent of their self-assessment score (the
black line has almost zero slope). As the students’ self-
assessment score can carefully be treated as an indicator of
the students’ prior knowledge, this demonstrates that
with increasing, expertlike prior knowledge, students
(as experts) rate the sample solution much better than

FIG. 2. Students’ perceived accuracy and linguistic quality of the four individual responses to each of the three questions. The correct
sample solution is printed in bold (R1.4, R2.4, and R3.6). The experts’ assessments from the pilot are also shown. The error bars indicate
the standard error.
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the faulty ChatGPT responses while students with lower,
novicelike prior knowledge rate the faulty ChatGPT
responses not that distinctly different than the sample
solution.

F. Impact of perceived linguistic quality on scientific
accuracy ratings

To address the third research question, we restructured
the dataset to enable an analysis of covariance (ANCOVA).
Specifically, we treated the presented responses as an
independent variable with four values (e.g., R1.1, R1.2,
R1.4, and R1.6), the rating of scientific accuracy as the
dependent variable, and the rating of linguistic quality as a
covariate. Here, we present a comparison of the main effect
(i.e., the impact of the presented responses on the perceived
scientific accuracy) with and without the covariates. The
correlations between both scales are rð384Þ ¼ 0.45; p <
0.01; rð377Þ ¼ 0.60; p < 0.01, and rð374Þ ¼ 0.47; p <
0.01 for questions 1, 2, and 3, respectively.

For the first question, the analysis of covariance shows
a significant effect of the response on the assessment of
scientific accuracy [Fð3;383Þ¼ 130;p< 0.001;η2¼ 0.46]
when corrected for the different perceptions of linguistic
quality. Without correction, the effect also occurs and is
marginally larger [Fð3;383Þ¼ 141;p< 0.001;η2¼ 0.53].
In the second question, the effect was more pronounced
without correction [Fð3;376Þ¼ 121;p< 0.001;η2¼ 0.49]
than with correction [Fð3; 376Þ ¼ 87.4; p < 0.001;
η2 ¼ 0.26]. In the third question, there was also a
substantial difference concerning the effect sizes between
both models [Fð3; 373Þ ¼ 152; p < 0.001; η2 ¼ 0.43 and
Fð3; 373Þ ¼ 165; p < 0.001; η2 ¼ 0.57 with and without
correction, respectively]. For a better overview, the values
for η2 are shown in Table IV.
In summary, when accounting for differences in the

linguistic quality of the responses, the effect of the
presented responses on the perceived scientific accuracy
still exists, but the effect is less pronounced, as indicated by
smaller effect sizes η. A lower effect size in compared to
ANOVA suggests that controlling for the covariate has
reduced the influence of the independent group variable
(response type) on the dependent variable (perceived
scientific accuracy). This indicates that the covariate plays
an important role in explaining the dependent variable,
especially in question 2, which is also supported by a high
correlation between both scales. This implies that the
perceived linguistic quality has a high impact on the
perceived scientific accuracy.

VI. DISCUSSION

In this section, we answer the three research questions
from Sec. II C and point out the limitations of the cur-
rent study.

TABLE IV. Comparison of effect sizes (η2) that indicate the
impact of the different responses on the perceived scientific
accuracy. In model 1, the accuracy ratings are corrected by the
perceived linguistic quality (i.e., the linguistic quality was treated
as a covariate in the model), whereas in model 2, no such
correction was performed.

η2

Model 1
(ANCOVA)

Model 2
(ANOVA)

Question 1 (rolling motion) 0.46 0.53
Question 2 (waves) 0.26 0.49
Question 3 (fluid dynamics) 0.43 0.57

FIG. 3. Scientific accuracy- and linguistic quality-related gap metric (distance between the sample solution and the arithmetic mean of
the three bot responses) for each of the three questions displayed with the mean (curve) and standard error (shaded area) over the
students’ self-assessment score (the expected number of points from 0 to 6 in a written exam). The dashed line represents the gap metric
of the experts in the pilots, for which there is no self-assessment score, so this is the average of all experts who rated the responses to that
question.
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Regarding the first research question, the results of our
study suggest that students assess the linguistic quality of
ChatGPT responses on the same level as the sample
solutions. The scientific accuracy, however, is generally
rated on a lower level than that of the sample solutions. The
latter effect is more pronounced for questions of a lower
than for a higher level of difficulty.
One response to the question of the highest level of

difficulty was rated on the same level of scientific
accuracy as that of the sample solution. It is likely that
the good rating of this one response was mostly due to
the fact that there were not any wrong statements in the
response, and it gave the impression to answer the
question. This is in line with a known limitation of
ChatGPT, that it gives “plausible-sounding but incorrect
or nonsensical answers” [2].
Regarding the second research question, we found that

the gap between students’ assessment of the scientific
accuracy of ChatGPT responses and sample solutions
is significantly lower if the (self-assessed) level of
expertise is lower (Fig. 3). This might be explained
by the illusion of understanding: If the answer to a
question is unknown (which is the case if the self-
assessed score is low), plausible-sounding responses
sound correct, no matter the actual level of correctness.
Therefore, the results of this study add to research
about the illusion of understanding (cf. Sec. II B) by
giving further evidence that students with lower prior
knowledge are more susceptible to inadequate physics
conceptions.
Regarding the third research question, the results of

our study suggest that the perception of the linguistic
quality does impact the perception of scientific accuracy,
i.e., the perception that a response is well written might
overlay the judgment of scientific accuracy, even though
the actual scientific accuracy and linguistic quality are
likely not related with each other. This result is particu-
larly interesting regarding the fact that the linguistic
quality of ChatGPT responses is already of unmatched
quality, whereas the scientific accuracy is still partly
questionable (cf. the responses in this study as well as
Refs. [4,7,8]).
The study indicates the risks of using ChatGPT as a

student when it is used to find answers to unknown
questions. Since ChatGPT does not show any signs of
metacognition or a confidence scale for its response, it is
up to the user to decide how much the particular response
can be trusted. As research about the illusion of under-
standing shows, students tend to trust plausible sounding
responses, especially when they foster common false
conceptions they hold themselves. The findings from the
first part of the survey about students’ performance
expectations and attitudes toward AI suggest that while
they recognize the potential limitations of AI-generated
answers, they still consider chatbots to be useful tools

for learning with the expectation of receiving reliable
information.
At the same time, the study also hints at the potential of

ChatGPT as an educational tool since false ChatGPT
responses can be used to educate students, e.g., in an
activity like “spot the bot” as suggested in Ref. [7].
Research about learning with errors shows that such
activities are most beneficial for advanced students and
only with an explicit intervention [29,30]. Upon asking at
the end of the survey, some students stated that they
found this small exercise to be very instructive; some
even wished for more exercises of this kind. This
demonstrates the potential of using chatbot-generated
responses to help students reflect on their understanding
and evaluate the scientific accuracy of explanations,
providing a unique opportunity to promote metacognition
and stimulate students to reflect on their understanding
and reasoning. It was pointed out in Ref. [8] that using
responses from ChatGPT might be useful in preservice
teacher education to learn and recognize problematic
argumentation without being distracted by grammatical
or stylistic issues.
The current study had some limitations. The most

important factor that influences the outcome of this study
is the creation of the responses provided by ChatGPT as
well as the sample solution. ChatGPT generally rarely
gives the same response to the same question, hence in
principle, there would be an infinite amount of possible
ChatGPT responses. We tried to account for this fact by
giving the students three different responses per question
which we already chose out of a collection of five
different generated responses. In these five different
responses, we already saw some repetition in explanation
patterns (cf. Table VI), but this does not mean that in more
iterations, we would not find new patterns. However, this
randomness factor of ChatGPT cannot be influenced by
the researchers, as the responses given by the chatbot are
not deterministic.
Besides this limitation, students had to rate the

responses based on five criteria that were not further
specified, therefore no gauging of the rating took place.
We did not use detailed descriptions of the criteria to stay
within the time frame and to avoid unnecessary cognitive
load on the students. This unguided rating of the answers
might have caused judgment errors, such as a bias toward
extreme values or the center. Also, we have not specified
in detail what we mean by the term “sample solution,” so
we can only assume that students judged the suitability as
sample solution for themselves. In future work, these
judgment errors could be avoided by the implementation
of more detailed scales or rating manuals for the cost of a
longer survey duration and a higher cognitive load for the
students.
We presented the responses in a randomized order

to avoid a rating bias for the first presented response.
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This, however, lead to the fact that students saw the
sample solution at different positions. If students did not
know the correct response, seeing the correct response
might have influenced the rating of responses presented
afterward.
As already pointed out in Sec. III A, the prior knowledge

of the students was assessed by a self-assessment score.
This is only a very distant proxy of assessing the expertise
on a question. We chose this method to keep the survey to
be feasible within a limited time frame and to not bias the
students’ ratings too much. Some of the students might
have started to craft a solution in their minds which they
compared the presented responses to, especially in the case
of the first question, where the students took on average
60 s (SD ¼ 33 s) to do the self-assessment. For questions 2
and 3, this time was lower [43 s, (SD ¼ 28 s) and 46 s
(SD ¼ 35 s), respectively] even though the questions were
more difficult, so they did not spend much time crafting
their own sample solution. Regarding the validity of the
self-assessment as a proxy for expertise, as shown in
Sec. V B, students rated themselves highest for the question
with the lowest level of difficulty, a bit lower for the
question with the medium level of difficulty, and lowest for
the question with the highest level of difficulty. This is a
hint that the self-assessment score is not completely
uncorrelated with the actual level of expertise. Since the
means of the self-assessment score did not differ signifi-
cantly between first- and second-year students, the intended
level of difficulty can be assumed to hold for the two groups
which is why we treated both samples as one group in
further analysis.
Finally, this study was conducted using responses

created based on the model GPT-3.5. By the time of
writing, an enhanced model, GPT-4, was already published.
It is possible that the responses this model gives would be
more accurate [17]. While it is true that new advancements
in the field may lead to more accurate results in the future,
the main findings and conclusions of our study should still
hold value for researchers and practitioners alike, providing
a valuable baseline for comparison and further research in
this area.

VII. CONCLUSION AND OUTLOOK

Our study shows that students can adequately evaluate
the scientific quality of language-wise comparable
ChatGPT responses and sample solutions for qualitative
physics questions as far as their prior knowledge is
sufficient. However, if the students’ prior knowledge is
limited, it becomes much more challenging for the
students to distinguish between correct and complete
sample-solution-like responses and ChatGPT responses
that are not incorrect but do not address the key aspect of
the problem.
Thus, instructors also in physics studies will need to

educate their students in adequately evaluating and

responsibly using ChatGPT responses for their studies.
For this, ChatGPT can serve as an educational tool in
analogy to worked examples that provides students with
unlimited responses to all physics questions that can and
should be analyzed regarding the factual correctness and
degree of completeness. Instructors need to guide their
students and teach them how to conduct this evaluation
process based on the knowledge taught in the study course
program and by further research (e.g., on the Internet or
standard textbooks).
In perspective, research on ChatGPT in physics

education needs to be continued. Based on our findings
in this survey, we would particularly propose two
research questions: First, one needs to investigate to
which extent students trust ChatGPT responses in
comparison to traditional textbooks or other Internet
resources including forums, and accordingly if ChatGPT
could substitute traditional teaching and learning
resources from the student’s point of view. This could
be tested in a similar survey as described here by
additionally just masking the pretended origin (e.g.,
ChatGPT, textbook, website, chat forum, …) of the
responses randomly. Second, in preparation for our
study, we experienced that ChatGPT comes up with
very different (wrong or misleading) explanations
for identical physics questions, revealing different mis-
conceptions. Thus, a systematic analysis of ChatGPT
responses could be conducted to identify the (probably
language-dependent) “misconceptions” of ChatGPT and
to check whether they are in accordance with known
students’ preconceptions already described in the liter-
ature. This comparison would allow an appraisal of
whether ChatGPT is connectable to the students’ pre-
conceptions or whether it produces new preconceptions
that are rare among students.
ChatGPT itself is not the first and not the last generative

AI tool that exists. Already at the time of writing the
paper, there is the direct successor of the version the
authors used in the current study available with further
developments in sight. An interesting development would
be a tool that can calculate the confidence levels of
responses a certain AI gives based on its training. This
tool could be used to address concerns about a too-
authoritative response style.
The current study is still very early in its field

and hence of an exploratory character. Further research
in this field is highly encouraged and will continue
to give valuable insights into how learners use and
interact with AI tools such as ChatGPT and which
skill sets will be needed to do so in a responsible and
meaningful way.
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APPENDIX A: SURVEY INSTRUMENT

TABLE V. Survey questions and translations of the survey instrument described in Sec. III A.

German original English translation

In welchem Studiengang sind Sie eingeschrieben? What is your field of study?

Physik Mono-Bachelor, Physik 2FB Lehramt—Mein Zweifach
ist:, Physik 2FB (nicht Lehramt)—Mein Zweitfach ist:,
Sonstiges—Mein Studiengang ist:

Physics major, Physics education—My second subject is:, Physics
double major—My second subject is:, Other—My field of study:

In welchem Fachsemester in Physik befinden Sie sich aktuell? Please select your current semester:
1. Fachsemester, 2. Fachsemester, 3. Fachsemester,
>3. Fachsemester

1. Semester, 2. Semester, 3. Semester, >3. Semester

Welchem Geschlecht fühlen Sie sich zugehörig? What gender do you identify as?
Weiblich, männlich, divers, keine Angabe female, male, diverse, prefer not to say

Wie sehr stimmen Sie folgenden Aussagen zu? To what extent do you agree with the following statements?
Stimme gar nicht zu, stimme nicht zu, teils/teils, stimme zu,
stimme voll zu, weißnicht/keine Angabe

Strongly disagree, disagree, neither agree nor disagree, agree,
Strongly agree, Don’t know/prefer not to say

– Durch einen Chatbot kann ich präzise Antworten erhalten. – A chatbot allows me to get accurate answers.
– Antworten eines Chatbots sind nicht immer korrekt. – Answers from a chatbot are not always correct.
– Künstliche Intelligenz (KI) ist für mein Studium nützlich. – Artificial intelligence (AI) is useful for my studies.

Haben Sie schon einmal von ChatGPT gehört? Have you heard of ChatGPT before?
Ja/Nein Yes/No

Wie oft haben Sie schon ChatGPT zur Bearbeitung von
Übungszetteln in Ihrem Physikstudium genutzt?

How many times have you used ChatGPT to work on exercises in
your physics studies so far?

Noch nie, einmal, zwei- bis fünfmal, öfter als fünfmal Never, once, 2–5 times, more than 5 times

Wie oft haben Sie schon ChatGPT für andere Dinge als
Übungszettel (z. B. privat) genutzt?

How many times have you used ChatGPT for things other than
exercises (e.g., privately)?

Noch nie, einmal, zwei- bis fünfmal, öfter als fünfmal Never, once, 2–5 times, more than 5 times

Informationen zur Umfrage Survey information
ChatGPT ist ein Bot, der derzeit in vielen Bereichen der
Gesellschaft diskutiert wird und auch im Bereich der Physik-
Lehre genutzt wird. Der Bot produziert unter Umständen sehr
unterschiedliche Antworten auf dieselbe Frage.

ChatGPT is a bot that is currently being discussed in many areas of
society and is also being used in the field of physics education.
The bot may produce very different answers to the same
question.

(Table continued)
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TABLE V. (Continued)

German original English translation

Nachfolgend werden Ihnen drei Physik-Erkläraufgaben
angezeigt. Lesen Sie sich diese in Ruhe durch. Sie sollen die
Aufgaben nicht selbst bearbeiten, sondern nur eine schnelle
Selbsteinschätzung geben, wie Sie bei der jeweiligen
Aufgabe in einer Klausur abschneiden würden.

Below, you will see three physics explanation questions. Read
through them at your leisure. You are not supposed to work on
the tasks yourself, but only give a quick self-assessment of how
you would perform on each task in an exam.

Anschließend werden je Aufgabe nacheinander vier Lösungen
angezeigt, die von ChatGPT erstellt wurden. Sie können sich
die Aufgabe dabei immer noch einmal ansehen.

Afterward, four solutions per task are displayed one after the other,
which were created by ChatGPT. Meanwhile, you can always
have another look at the task.

Dann sollen Sie die Lösungen anhand folgender fünf Kriterien
einschätzen: fachliche Korrektheit, Grad der Vollständigkeit,
Verständlichkeit, sprachliche Qualität und Eignung als
Musterlösung.

Then, you have to evaluate the solutions based on the following five
criteria: technical correctness, degree of completeness,
comprehensibility, linguistic quality, and suitability as a sample
solution.

Es geht dabei nicht darum, die Lösungen im Vergleich
zueinander zu bewerten, sondern jede Lösung für sich anhand
des ersten Eindrucks einzuschätzen.

It is not a matter of evaluating the solutions in comparison to each
other, but rather of evaluating each solution individually based
on the first impression.

Ohne die Aufgabe selbst zu lösen: Schätzen Sie ein, wie viele
Punkte Sie in einer Klausur bei dieser Aufgabe erhalten hätten
(0-6 Punkte)?

Without solving the task yourself: Estimate how many points you
would have received on this task in a written exam (0–6 points)

Bewerten Sie die Antwort bitte anhand folgender Kriterien: Please rate the answer based on the following criteria:
Sehr niedrig, niedrig, mittel, hoch, sehr hoch Very low, low, medium, high, very high
–Fachliche Korrektheit –Factual correctness
–Grad der Vollständigkeit –Degree of completeness
–Verständlichkeit –Comprehensibility
–Sprachliche Qualität –Quality of the language
–Eignung als Musterlösung –Suitability as a sample solution

Abschlussfrage Final question
Möchten Sie uns abschließend noch etwas zur Umfrage
mitteilen? Dann können Sie das hier tun…

Would you like to tell us something concerning the survey in
conclusion? Then you can do so here…
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