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We present a case study of a conversation between ourselves and an artificial
intelligence-based chatbot ChatGPT. We asked the chatbot to respond to a
basic physics question that will be familiar to most physics teachers: ‘A teddy
bear is thrown into the air. What is its acceleration in the highest point?’ The
chatbot’s responses, while linguistically quite advanced, were unreliable in
their correctness and often full of contradictions. We then attempted to
engage in Socratic dialogue with the chatbot to resolve the errors and
contradictions, but with little success. We found that ChatGPT is not yet
good enough to be used as a cheating tool for physics students or as a physics
tutor. However, we found it quite reliable in generating incorrect responses
on which physics teachers could train assessment of student responses.
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1. Introduction

An artificial intelligence (AI) based chatbot Chat-
GPT (https://chat.openai.com/chat) is making the
headlines these days with its often impressive
ability to produce quality content in response to
a range of prompts of varying complexity. A
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chatbot is a computer program which is able to
interact with human users through a chat box sim-
ilar to those we use to talk to each other on online
messaging services. What makes ChatGPT stand
out is that it is perceived by many people as being
extremely good at having a meaningful conversa-
tion on a range of sometimes very specific top-
ics. It can provide computer coding assistance
on one hand [1] but can also write essays [2]
on a given topic, and can even do it in a given
writing style. For example, we tested its capa-
city to produce such creative output by asking
it to write a poem about quantum electrodynam-
ics in the style of Edgar Allan Poe. The result

1 ©2023 The Author(s). Published by IOP Publishing Ltd


http://iopscience.org/ped
https://orcid.org/0000-0002-9185-628X
https://orcid.org/0000-0002-1405-6561
http://crossmark.crossref.org/dialog/?doi=10.1088/1361-6552/acc299&domain=pdf&date_stamp=2023-3-22
mailto:bor.gregorcic@physics.uu.se
http://doi.org/10.1088/1361-6552/acc299
https://chat.openai.com/chat
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

B Gregorcic and A-M Pendrill

was amusing and quite impressive. We encourage
the reader to try it out using their own creative
prompt.

In recent months, voices of concern started
appearing that this is the beginning of the end of
digitally aided education, arguing that ChatGPT is
so good at producing content, students will inev-
itably use it to cheat on hand-in writing assign-
ments. Furthermore, its ability to tutor students
may even be seen as a potential existential risk
to teachers. These concerns are not completely
unfounded, considering that Al is developing at
a rapid pace. In this paper, we wish to provide a
demonstration and a case study of how well Chat-
GPT handles basic physics questions at this spe-
cific moment in time and how we as physics teach-
ers experienced our interaction with it. We realise
that in the fast-paced world of constantly develop-
ing Al, this might serve as a snapshot of what we
see is an interesting moment in time, when an Al
chatbot began to gain widespread attention in the
public sphere. However, at the end of the paper,
we also touch on some more general ideas which
may be interesting for readers pondering the pos-
sible roles of Al in physics education now and in
the future.

2. Teddy bear in the air

To perform our case study, we chose a problem on
the topic of kinematics and Newtonian mechanics,
which most physics teachers can be expected to
engage with on a regular basis. The first question
that we asked the Chatbot was: A feddy bear is
thrown into the air. What is its acceleration in the
highest point?

We first consider the Chatbot’s initial
response and then continue with its responses
to follow-up questions. The Chatbot gives the fol-
lowing initial response (the responses are divided
into numbered parts throughout the paper in order
to make referring to them easier):

(1) At the highest point of its trajectory, the teddy
bear’s acceleration would be equal to the
acceleration due to gravity, which is 9.8m s
downward.

(2) This is because at this point, the teddy bear
would be experiencing no net force, so its
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acceleration would be solely determined by
the force of gravity.

(3) When an object is thrown into the air, it ini-
tially accelerates upward due to the force of
the throw, but once it reaches the highest point
of its trajectory, it begins to slow down and
eventually start accelerating downward due to
the force of gravity.

(4) The teddy bear’s acceleration at the highest
point of its trajectory would be 9.8 m s
downward because this is the acceleration
that the force of gravity imparts on the teddy
bear at that point.

The response starts out promising. In part (1)
it seems that the Chatbot has avoided a mistake
that our students often exhibit, namely, that the
acceleration at the top of the trajectory is zero.
However, things take an unexpected turn already
in part (2). The statement (2) that the teddy bear
experiences no net force is not only incorrect,
but also incompatible with parts (1) and (4). The
response is somewhat shocking, because we as
teachers are not used to seeing this line of argu-
mentation with our human students. In part (3)
it refers to the force before the object leaves the
hand. It is not entirely clear from the response
whether this refers to the act of throwing itself,
or if impetus-like argumentation is being invoked.
The choice of words ‘force of the throw’ instead of
‘force of the hand’ certainly conjures in us ideas
related to impetus theory [3-5]. In any case, the
slowing down starts as soon as the object leaves
the hand—and certainly before the object reaches
its highest point, in contrast to what the Chat-
bot suggests. The slowing down is a downward
acceleration. The comment about ‘eventually start
accelerating’ resembles a common view that only
speeding up is acceleration. In part (4) the Chat-
bot essentially restates the content of part (1),
adding little to the content of the response as a
whole.

This initial answer by the Chatbot raises
many red flags for a teacher. In addition to
being wrong, it is also inconsistent with itself.
The inconsistence of the Chatbot goes beyond
internal consistency within one response. When
the same question was attempted a second time, it
gave the more common student answer—zero,
accompanied with an explanation which is

Phys. Educ. 58 (2023) 035021
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Figure 1. A schematic graph of elevation, velocity and
acceleration for an object thrown up, leaving the hand
with a speed of 5 m s~! and then brought to a stop
when reaching the ground. We chose the zero of eleva-
tion to be at the height where it was released. Note that
the graph is not completely symmetric in time, since
the object is left to fall to the ground, which is located
lower than the release point. Also note that the accel-
eration during the landing part is likely to be larger in
a realistic situation and the transitions smoother (less
jerky).

similarly internally inconsistent, but actually
resembles much better common student diffi-
culties on the topic (see supplementary material).

The conversation with the Chatbot continued.
As teachers, we could not help ourselves but to
attempt and help the Chatbot to arrive at a bet-
ter answer. We engaged in what could be seen as
Socratic dialogue with the Chatbot. Our aim was
to help it notice and then resolve its own inconsist-
encies by asking it leading questions. If we were
engaging with a human student, we would likely
resort to asking the student to construct represent-
ations other than verbal, such as a motion diagram,
or a schematic graph of how elevation, velocity
and acceleration vary during the process, similar
to figure 1. For a more in-depth discussion of a
similar scenario, see [6]. In our case, however, we
were limited to written language as our mode of
communication.

3. The Socratic dialogue

We tried to explore what meaning the Chatbot
ascribed to the term ‘net force’, recalling some
forum claims that ‘gravity is not a force,” from
people who have heard or read some popular
presentations of general relativity. However, we
did not want to entice the Chatbot onto that path.
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3.1. Whatis a ‘net force’?

The first question that we asked was thus simply
‘Is gravity not part of the net force?” The Chatbot
responded with a long-winded answer.

(5) Gravity is a force that acts on all objects with

mass, and it is always present.
However, when considering the net force act-
ing on an object, gravity is only one of the
forces that must be taken into account. The net
force is the total force acting on an object, and
it is the result of all the individual forces act-
ing on the object being combined.

(6) For example, if an object is resting on a table,
the forces acting on it include the force of
gravity pulling it downward and the force of
the table pushing upward on the object. The
net force on the object in this case would be
the force of the table minus the force of grav-
ity, which would be equal to zero. This means
that the object is not accelerating, because the
net force acting on it is zero. On the other
hand, if an object is being pushed or pulled by
some external force, the net force acting on the
object would not be zero, and the object would
accelerate in the direction of the net force. In
this case, gravity would still be acting on the
object, but it would not be the only force act-
ing on the object, and it would not be the only
factor determining the object’s acceleration.

We note that statements in this response are
much less problematic. However, they contradict
the statement in (2) above, that ‘the teddy bear
would be experiencing no net force.’

3.2. Attempting to resolve the contradiction

Our next step was to try to make the ‘student’
aware of the contradiction by asking: But at the
highest point, only gravity acts. Why would the net
force be zero? However, the Chatbot keeps bom-
barding us with a long response when we ques-
tion that the net force is zero in the highest point.
Correct and incorrect statements are mixed in the
answer:

(7) At the highest point of its trajectory, the teddy

bear is experiencing no net force because the
forces acting on it are balanced.

Phys. Educ. 58 (2023) 035021
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(8) At this point, the only force acting on the teddy
bear is gravity, which is pulling it downward.

(9) However, the teddy bear is also experiencing
an upward force due to its inertia,

(10) which is the tendency of an object to resist
changes in its state of motion.

(11) This inertia-induced force balances the force
of gravity, resulting in a net force of zero.

(12) The teddy bear is at rest (or moving at a con-
stant velocity) at the highest point of its tra-
Jjectory because the net force acting on it is
zero.

(13) If there were a net force acting on the teddy
bear at this point, it would accelerate in the
direction of the net force.

(14) However, since the net force is zero, the teddy
bear is not accelerating and is simply follow-
ing the path determined by its initial velocity
and the force of gravity.

(15) Itis important to note that the teddy bear is not
actually ‘at rest’ at the highest point of its tra-
jectory, as it is still moving upward with some
velocity.

(16) However, it is not accelerating at this point, so
its velocity is constant.

Statements (7), (11), (12) and (14) repeat
the claim that the net force is zero, while (8)
repeats that gravity is the only force acting on it,
and (9)—(11) invokes the idea that ‘inertia’ bal-
ances gravity. Although, as teachers, we may have
encountered students tempted by ‘inertial’ forces,
in our experience, this is more common the con-
text of circular motion [7]. One may also see this
as an instance of impetus-model reasoning [4]. On
the other hand, we have often encountered the idea
that the acceleration is zero in the highest point,
as claimed in (12). The statement in (15), and hin-
ted also in (16) that it continues upward after the
highest point is obviously contradicting itself. We
have not encountered this particular difficulty in
human students.

The aim of the next question was to make
the Chatbot acknowledge the mistake. However,
instead, it confirms that we are correct, framing
the answer as if it were the judge of correctness,
while still mixing correct and incorrect claims.
This is where the Socrates within us was starting
to get frustrated.
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3.3. Ifitis still moving upwards, it surely
cannot have reached the highest point?

The claim by the Chatbot that the teddy bear is
continuing upward after the highest point sur-
prised us. It is so much at odds with everyday
experience that we were not sure if we should
respond in all seriousness. We tried to give the
Chatbot a chance to revise its answer by point-
ing out the inconsistency. We asked the following
rhetoric question: If it is still moving upwards, it
surely cannot have reached the highest point? The
answer was:

(17) You are correct that the teddy bear has not
reached the highest point of its trajectory if it
is still moving upward. The highest point of the
teddy bear’s trajectory is the point at which it
reaches the peak of its motion and begins to
move downward again. At this point, the teddy
bear’s velocity is zero, and it is experiencing
no net force.

To clarify, the teddy bear will initially accel-
erate upward when it is thrown into the air
due to the force of the throw. As it continues to
move upward, it will eventually reach a point
where it is no longer accelerating upward and
begins to slow down due to the force of gravity
pulling it downward. This point is the highest
point of the teddy bear’s trajectory. At this
point, the teddy bear’s velocity is at a max-
imum and it is not accelerating in any dir-
ection. After reaching the highest point, the
teddy bear will begin to accelerate downward
due to the force of gravity, and it will continue
to do so until it reaches the ground.

(18)

The statement in (17) is correct—apart from
the final claim about no net force. The contra-
dictory statement in (18) essentially repeats the
contradiction from (3). The mention of ‘the force
of the throw’ in (18) can once again imply an
impetus-like model of motion, if we were to look
at it through a common-misconceptions lens. If
the reader wants to give up at this point, we
share the sentiment, although we did continue
with a few additional questions, listed in the
supplementary material. Even there, we found
no indication the Chatbot recognized its own
contradictions.

4 Phys. Educ. 58 (2023) 035021
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4. Multiple choice question and student
difficulties

Seeing friends on social media mentioning getting
useful help in generating multiple choice ques-
tions, we gave ChatGPT a chance to revisit the
topic of acceleration in the highest point.

4.1. ChatGPT provides a multiple-choice
question—and contradictory answers

We gave the Chatbot the following prompt: A ball
is thrown upwards and then caught again. I need a
multiple choice question about the acceleration in
the highest point. Could you help me? This request
generated the following response:

(19) Sure, here is a multiple choice question about
the acceleration of a ball thrown upwards and
then caught again:

(20) At the highest point of its motion, the acceler-
ation of the ball is:

(A) positive, (B) negative, (C) zero, (D)
undefined with (B) assigned as the correct
response.

When we asked it to generate the response for
the second time, the alternative (D) was changed
to ‘Impossible to determine’ and (C) was chosen
as the correct answer, with the explanation that.

(21) At the highest point of its trajectory, the
ball has reached its maximum height and is
momentarily at rest. Therefore, the accelera-
tion is zero.

4.2. Signs and directions

The sign is at focus in the multiple-choice ques-
tion suggested by the ChatGPT. The positive or
negative sign of acceleration in one dimension is
arbitrary, depending on our choice of the coordin-
ate system and with it, the positive direction. A
common way of choosing the positive direction
in vertical motion is upwards. The Chatbot might
have chosen a coordinate system where the posit-
ive direction is pointing downwards, but does not
explicitly state this or in any way justify its use of
signs.

Another way of explaining the Chatbots
answer is to refer to everyday language, where

May 2023
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Figure 2. A schematic graph of elevation, velocity and
acceleration for the situation in figure 1, but with speed
instead of velocity, and acceleration seen as the deriv-
ative of speed.

acceleration typically refers to speeding up. In
school physics, pupils are likely to learn that
slowing down is also acceleration. Possibly they
also (unfortunately) learn to talk about slowing
down as a ‘negative acceleration’. Anyhow, such
a definition would also make the acceleration of
the teddy bear negative on the way up (after it left
the throwing hand) and positive on the way down,
shown in figure 2. In this this definition, acceler-
ation can be written as dlvl/dz, which would not
be defined when the direction changes sign at the
top>. Assigning the value ‘zero’ can be seen as a
logical response in this context, and is a very com-
mon student response, which we have also found
to be quite teaching resistant: One of us had a stu-
dent exclaim at the end of a course that ‘Now, I
know that it is not zero, but I do not believe it’.

If the focus is instead placed on Newton’s
second law and the force of gravity as the only
force acting on the teddy bear after it leaves the
hand—and before landing—the answer is more
easily reasoned to be g. However, students often
fail to make this connection on their own.

4.3. Student difficulties according to
ChatGPT

Since ChatGPT was not agreeing with itself about
what answer to its multiple-choice question is cor-
rect, we asked Why do students have difficulties
answering questions about the acceleration in the
highest point? The Chatbot notes that:

3 The derivative of speed is typically addressed in higher edu-
cation, when acceleration in curvilinear motion is divided into
tangential and normal components.

Phys. Educ. 58 (2023) 035021
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(22) There are several reasons why students might
have difficulties answering questions about
the acceleration of an object at the highest
point of its trajectory
It then provides a list of points, some correct,
some absurd. After we asked it to generate the
response again, it concludes that:

(23) Overall, it is important for students to have
a clear understanding of the definitions and
concepts involved in problem solving, as well
as the tools and techniques they can use to
solve problems.

This is, of course, correct, although itis a very
general and unspecific answer, therefore being of
very limited use for the teacher. After a couple of
‘regenerated responses’, the Chatbot actually cre-
ates a somewhat reasonable list, which still con-
tains problematic parts. Although some of the list
items present common difficulties, many of the
items start out with a correct sentence, only to
expose the Chatbot’s own inconsistency and dif-
ficulties in the sentences that follow. We encour-
age the readers to assess these responses and find
useful and problematic parts.

(24) (vi) Misconceptions about the relationship
between velocity and acceleration: Some stu-
dents may have a misconception that an
object’s velocity and acceleration are always
in the same direction. However, this is not
always the case. The acceleration of an object
can change direction, even if the object’s velo-
city does not.

(vii) Difficulty visualizing and analysing
motion: It can be challenging for students to
visualize and analyse the motion of an object,
especially when it involves the highest point
of the motion. Students may struggle to under-
stand the physical forces acting on the object
and how they affect its acceleration.

(viii) Confusion about the direction of accel-
eration: Acceleration is a measure of the rate
of change of velocity, and it can be either pos-
itive (meaning the velocity is increasing) or
negative (meaning the velocity is decreasing).
Some students may have difficulty understand-
ing that the acceleration can be negative at the
highest point, as the object is slowing down as
it reaches the peak of its motion.
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(ix) Difficulty applying the concept of acceler-
ation to real-world situations: Understanding
the concept of acceleration in the abstract is
one thing, but applying it to real-world situ-
ations can be more challenging. Students may
have difficulty understanding how to apply the
concept of acceleration to a specific problem
or situation involving an object at the highest
point of its motion.

(25) (x) Lack of understanding of the concept
of freefall: In the case of an object thrown
upwards and caught again, the object is in
a state of freefall once it reaches the highest
point of its trajectory.

(xi) Students who do not understand the
concept of freefall might have difficulty under-
standing that the object is momentarily at rest
at the highest point of its trajectory.

(xii) Misconceptions about the effects of grav-
ity: Some students might have the misconcep-
tion that gravity always pulls an object down-
ward, regardless of its position or velocity.
(xiii) Confusion about the definition of accel-
eration: Acceleration is a measure of how
quickly an object’s velocity changes. At the
highest point of its trajectory, the ball’s velo-
city is momentarily zero, so there is no change
in velocity and therefore no acceleration.
(xiv) Misconception about gravity: Some stu-
dents may think that the ball is constantly
being pulled downward by gravity, so they
may assume that the acceleration is always
negative. However, at the highest point of the
trajectory, the ball is momentarily at rest, so
there is no acceleration.

5. Findings and discussion

From the Chatbot’s responses to the first and
follow-up questions, we can see that it can get
the physics wrong even when answering a very
basic question. We are not alone in this finding.
On social media we have seen many teachers post
incorrect answers that they received on seemingly
rudimentary questions. What is more interesting
is that the answers sometimes resemble common
student difficulties with the same topic, but at
other times seem uncanny in their wrongness. We
saw an example of such an uncanny response in
(15), where the Chatbot claimed that the teddy

6 Phys. Educ. 58 (2023) 035021
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bear is still moving upward at its highest point. In
our experience, students typically do not express
this belief. Yet, it is not very difficult to come
across such uncanny responses from ChatGPT.

The second finding that we made based on
the first and follow-up answers is that the Chatbot
can display contradictory and inconsistent argu-
mentation from a physics perspective; it can do
this across different responses (see section 3), but
also within one single response (see the response
to the very first question).

The third finding is that the Chatbot exhib-
its good linguistic abilities. It uses physics discip-
linary vocabulary and displays a capacity to form
what appears to be a logically structured argu-
ment. This, in combination with the wrongness
and contradictoriness of its responses, instilled in
us a sense that the Chatbot ‘thinks’ it understands
physics and ‘is quite confident’ in it, but really
has huge difficulties with it. This came to be per-
ceived by us and other teachers on social media as
a case of the Dunning—Kruger effect, where a per-
son knows a little bit about a topic, but not enough
to realize the limitations of their own knowledge,
overestimates it and often displays ignorant beha-
viour related to this discrepancy between actual
and perceived knowledge. It is important to note
here, that the Chatbot does not think or believe
things in the way human students do. Itis just reas-
onably good at writing things that make it seem
like it has thoughts and beliefs.

This brings us to the fourth finding, which
emanates from the previous ones. The behaviour
of reflecting and reproducing disciplinary lan-
guage without understanding its content on a dis-
ciplinary level is sometimes referred to as dis-
course imitation [8, 9]. The chatbot clearly fits
the reflection and reproduction of this descrip-
tion. It can produce ‘fancy’ physics language
and apparent logical chains of argumentation.
When we come to the question of whether it
also understands the content of its statements,
the answer is a clear no. This answer can be
arrived at in two ways. First, if we understand
how the Chatbot is functioning, we can immedi-
ately see that it is a clear-cut case of discourse
imitation. ChatGPT learned to respond by being
fed a massive corpus of text data, from which
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it essentially draws statistical inferences [10,
11], followed by human-supervised reinforcement
learning (a digital version of giving rewards for
appropriately formulated responses) to fine-tune
it for chat-like interactions with humans. So, in
this sense, the answer to the question of whether it
understands the content of its statements is obvi-
ous and straightforward—no, not in the sense of
understanding that we use when talking about
conceptual understanding in humans. On the other
hand, its answers can be studied purely from a
content perspective to arrive at the same con-
clusion. The skills of interpretation of student
answers that we have as teachers are the tools
at our disposal here. As we have pointed out
throughout the paper, the answers that the Chat-
GPT provided in our interactions would not be
seen as reflecting a good conceptual understand-
ing of the topics discussed, even if they were
provided by a human student.

Itis important to note here that discourse imit-
ation can also be seen as a part of the learning
process, which with time leads to an ‘Eureka!’
moment, when the student finally gleans the
meaning of the words they have been saying all
along [8]. What made us as teachers experience
the discussion with the Chatbot as particularly
unusual and at times frustrating, is that we impli-
citly assumed that we are talking to a student
and were on some level expecting of them certain
behaviours that we did not come to see, such as
admission of confusion, admission of incomplete
understanding of a concept, and a certain sense
of humility, when a contradiction is pointed out
to them. For the Chatbot, the ‘Eureka!” moment
simply did not occur.

6. Implications for education

Discussions in popular media nowadays some-
times suggest that ChatGPT is very close or actu-
ally already good enough to write student hand-
in homework and be quite good at it. While we
have not tested this in all school subjects, we can
say with confidence that it has not reached that
point in physics. Its inconsistency and unreliab-
ility across and within responses on basic physics
questions can put us at ease for the time being.

Phys. Educ. 58 (2023) 035021
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These are also the reasons why ChatGPT is not a
very good problem-solving tutor. There is in fact
areal risk that the polished language and the capa-
city to exhibit logical reasoning chains may do
significant damage by teaching unsuspecting stu-
dents the wrong physics*. Research and education
on critical thinking in students plays a crucial role
here [12].

On the other hand, we found ChatGPT to
be a reliable source of problematic and incorrect
answers to conceptual physics questions. This can
be useful in pre- and in-service teacher training,
helping teachers to learn to recognize and inter-
pret problematic argumentation. The nice thing
about such wrong answers is that they are so well
formulated that they require the teacher to really
engage with the substance of their content, instead
of focusing on grammatical or stylistic issues.

Yet, Chat GPT is in our experience, and
as discussed in this paper, less appropriate for
training teachers to help students improve their
understanding by letting them interact with it. As
described above, we experienced that it does not
actually behave like an unknowledgeable student,
but more like a self-confident ignorant partner in
conversation with no reliable every-day experi-
ence on which to meaningfully build conceptual
understanding of physics. Thus, teaching the Al
through a dialogue seems to be quite unlike teach-
ing a student through dialogue and may result in
teacher frustration, as it did with us.
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