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Abstract
Quality education is one of the United Nations Sustainable Development Goals. In pursuit of
reaching this goal there are multiple available techniques today, where one of them is
Artificial Intelligence, AI. How it can be used is not established but a potential area of use is
explored in this thesis. It is investigated whether an AI, today available to the public, can be
used to generate feedback for human produced multiple choice questions. It also reflects on
to what extent the feedback produced is sufficient to be helpful to a student when learning.

This area of study is of great importance due to feedback being a great contributor to learners'
understanding. However, feedback needs to be available when a learner needs it, and it has to
be specific for the learner. This is a big challenge and hard to achieve since feedback is hard
to produce, and it is therefore of great importance to find a viable option.

Multiple questions with feedback were provided and were sent into an AI with three different
prompts, to produce new improved feedback. Ratings of the questions were also provided.
The generated feedback was evaluated in two ways, it was rated according to criterias for
good feedback and a survey was sent out. The survey gave outside opinions on what prompts
were preferred and why.

The results showed that feedback can be produced with the different prompts and that it was
better and often preferred over the feedback created by humans. The feedback produced was
mostly correct, but not always, making the AI not always trustworthy. The results also
showed that the feedback produced was mostly considered sufficient. This shows that AI can
be used to enhance learning.

Key words: Artificial Intelligence, ChatGPT, Enhanced Learning, Feedback,
Question-Based Learning
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Sammanfattning
Att kunna erbjuda utbildning av god kvalitet är ett av Förenta Nationernas Globala mål mot
en hållbar framtid. I strävan för att uppnå detta mål har vi idag tillgång till flera nya tekniker,
där en av de nyaste är artificiell intelligens, AI. Hur vi kan använda oss av AI för att uppnå
målet är ännu inte fastställt, men ett alternativt användningsområde undersöks i detta arbete.
Det kommer undersökas om en AI, som är tillgänglig för allmänheten idag, kan användas för
att generera återkoppling till flervalsfrågor som är producerade av en människa. Arbetet
reflekterar också över till vilken grad som den producerade återkopplingen är tillräckligt bra
för att vara till hjälp vid en students inlärningsprocess.

Det är av yttersta vikt att detta område fortsätter undersökas, då återkoppling är en
bidragande faktor för studenters förståelse. Återkoppling måste finnas tillgängligt när
studenterna behöver det. Detta är en utmaning eftersom bra återkoppling är svårt att
producera, och det är därför av stor vikt att hitta ett hållbar alternativ.

Flervalsfrågor med återkoppling tillhandahölls och skickades in till en AI med tre olika
frågeformuleringar, med avsikt att producera ny förbättrad återkoppling. Värderingar av
frågorna var också tillhandahållna. Den genererade återkopplingen utvärderades på två sätt,
utefter kriterier för en bra återkoppling och med ett formulär. Formuläret gav utomstående
åsikter om vilka återkopplingar som föredrogs och varför. Detta för att undersöka vilken
inverkan frågeformuleringen hade på den genererade återkopplingen.

Resultatet visade att återkoppling kan produceras med de olika frågeformuleringen och att
återkopplingen var bättre och oftast föredragen framför återkopplingen skapad av människor.
Återkopplingen var till mestadels korrekt, men inte alltid, vilket medför att AI:ns resultat inte
alltid kan anses vara helt trovärdig. Resultatet visade också att den producerade
återkopplingen vad tillräckligt bra för att kunna vara till hjälp för de svarande. En slutsats
som kan dras är därför att AI kan användas för att förbättra inlärningen, även om det ännu
finns förbättringspunkter.

Nyckelord: Artificiell Intelligens, ChatGPT, Förbättrad Inlärning, Återkoppling,
Frågebaserad Inlärning
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1. Introduction
One of the United Nations, UN, Sustainable Development Goals is quality education [1]
where everyone should be able to access teaching of high quality. This goal is of great
importance and is therefore a goal to strive towards fulfilling. The evolution of education has,
especially with the help of technology, moved forward. For example by offering more
teaching materials online and distance learning. But this is not enough to fulfill the goal any
time soon. It is still hard to study by yourself if you lack good and useful feedback. Good
feedback is hard and time consuming to create, but with today's technology, that might be a
fixable problem.

One of the fastest growing technologies in the field is artificial intelligence, AI. AI can do a
lot of helpful things and the amount of different AI-tools out there are growing by the day.
One of the most popular is chatGPT, which is a program created by openAI. ChatGPT is, like
the name, a chatbot with which you can ask anything, and it will try its best to answer your
questions. Having a good tool that quickly can help generate answers to questions is of course
of great value, especially if it is used for good outcomes. For example in schools helping
teachers with their tutoring and to better shape the learning experience for the students.

Getting feedback when answering wrong on a question can give an understanding of what the
learner did wrong and is a great way of learning. If an AI-tool can create good and accurate
feedback for questions, then that would be step one in ensuring high quality of education and
lowering the workload for teachers. Hopefully resulting in teachers getting more time for
focusing directly on their students. The purpose of this paper is therefore to start the
determination of how far AI has gotten in this field by making an AI, today available to the
public, improve and produce feedback for questions. More precisely it will be examined
whether chatGPT has gotten far enough to create or improve generated feedback to human
generated questions.

1.1 Aim
The purpose of this research is to find out how far we have gotten with todays' AI technology.
This will be done by assessing whether a current AI model is good enough to improve, or
even create, feedback for answer alternatives to human generated questions. The aim is for
the produced feedback to be better than the human generated feedback that the model might
be given. This is so that, ideally, teachers can use their time more efficiently and quality of
the education can be ensured. The research questions of this report is therefore: Can an AI,
today available to the public, generate feedback for answers of human generated multiple
choice questions? And to what extent is the generated feedback sufficient to help a human
learn?
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1.2 Delimitations
Due to unchangeable factors, delimitations had to be set before the work of this study began.
The most controlling factor was a slim time frame resulting in four main cuts. The first cut
was from the multiple choice questions where only the feedback was studied instead of the
whole question. The second cut was for the type of questions that were studied. A dataset
with only programming questions was provided and that was therefore the type chosen. The
third cut was about the method. It was considered to create either a bigger project where one
way of creating feedback was examined or examine several smaller ways of producing
feedback. Due to time pressure, a broader study was made and the second way was chosen.
The fourth cut was about automation of the feedback creation. If this study were to be made
on a larger scale, an application programming interface could be used in order to simplify and
automate the creation process. For this study it was considered to be too time consuming.
Another factor that delimited the study was the small quantity of previous work. The research
field of AI in general is very new and since our specific field of study is very slim, previous,
directly correlating, work is hard to find.

1.3 Approach
The research question is approached in three different ways using three partly different
methods. All of the methods use the same data and the same tool, chatGPT. The differences
lay in the specifics of the prompts whereas the base of the prompts are the same in all
methods. They all include a human generated question with answer alternatives together with
instructions on how the feedback should be printed. One prompt asks the AI to improve given
feedback, one to create new feedback and one to improve given feedback by also trying to
improve the question and answers.

The feedback is then assessed and rated by us to get overall evaluations of the specific
feedback. It is also evaluated by others in order to decide whether the AI generated feedback
is preferred over the human generated feedback or not. This part is done with the help of a
survey and a few criterias for good feedback.

1.4 Outline
After going through some background and the method, this report moves on to thoroughly
going through the results that were found. Thereafter, the results are discussed and
conclusions are made.
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2. Background
This chapter begins with some information about education, followed by how it can be
enhanced with new technologies. Previous studies, that are related to the work, are then
presented.

2.1 Education
Education is a large part of society and it is important to offer an education of good quality to
all. It is a significant part of moving towards a sustainable development [1]. There have been
a lot of changes in the field of education in the last few years. One of these changes is the
concept of distance learning. A rapidly growing area making it possible to take courses online
from all around the world and to be more flexible when learning. It also makes education
available for a larger audience. However, with these changes, a lot of pressure is put on the
teaching process. Even though it has brought a lot of good, the standards for education can
not be lowered and things like teacher-student communication still needs to be functional.
Issues that regard the process of learning are therefore of extra importance and educators
must investigate how to adapt the learning techniques to be suitable for distance learning [2].

Online learning is a tool often used for distance learning, but it is also a tool more recurrently
used in on-campus learning. There are a lot of providers for online learning that can help the
teacher create better learning for the students. These systems can, for example, give the
students guidance and feedback, without direct communication with the teacher [3].

A type examination and learning tool is multiple choice questions that is used in many
schools. It is a productive way of assessing and can also be used when learning. They can
have a positive impact on the understanding of the subject and more structured questions can
enhance students to learn more efficiently [4].

2.1.1 Feedback
Feedback is of great importance as it enables students to learn from their mistakes and
rethink, with a clue, as to what they did wrong [5]. There are different ways of giving
feedback and how it is given is of great importance. To ensure effective feedback, it needs to
leave room for improvements. If it is missing and the feedback instead is negative, it can
instead result in lower self-esteem among students, affecting the learning negatively [6].

The educators must have the ability to give feedback that is useful in online learning. Here
the feedback is often not given face to face, which makes it more important to express the
feedback well. For educators, the task to provide feedback online can be very
time-consuming [7]. There are a lot of different feedback strategies and one important to
investigate further is personalized feedback. A previous study addressed the issues with how
personalized feedback can have a positive impact on students' learning experience [8].

In a study by Hattie and Timberley [9], a compilation of effect sizes, that related to feedback,
was made. The study showed that some of the lowest effect sizes came from feedback based
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on punishment, praise and rewards. One of the highest effect sizes was for information
feedback, with an effect size of 0.95 compared to an effect size of 0.14 for praise. The values
were produced by summarizing the findings from meta-analyses.

2.2 ChatGPT
Artificial intelligence, more commonly known as AI, is the science of intelligent machines
and the abilities and technology to create them. With the help of algorithms and data from the
human world the AI can solve problems or draw conclusions, by mimicking the abilities of
the human brain [10]. One newly released AI is chatGPT, which is a large language model
that the user can ask questions or have a conversation with. ChatGPT, based on GPT-3.5, was
released to the public on 30 of November 2022 and was created by the company openAI. The
program has been well received by the world [11]. There is also a newer and better version
using GPT-4. However, money has to be spent in order to use this model and it is therefore
considered not publicly available [12]. Whenever chatGPT is written in this text, chatGPT-3.5
is considered.

These new technologies open up a new way of teaching and learning. A potential area of
where to use chatGPT is in education in the schools. ChatGPT gives an opportunity to
improve the education for many. It opens up a chance to give the students a more
personalized learning that suits them better [13]. The model can for instance be used to lay
out lessons or assignments or write summaries of lessons. Teachers can use chatGPT to edit
material to make it more interesting for the students, or make the material more personalized
for each student [14].

2.2.1 Prompt Design
A prompt is something that is submitted to ChatGPT that gives a generated output. Every
time a prompt is submitted a different output can be given, since the API is non-deterministic.
The prompt needs to be clear of what should be done and enough information should be
provided for it to be a well-written prompt. A way to make prompts more clearer is to show
what is wanted, include an instruction or even an example of how the response should be
given. Another way of interacting with ChatGPT to ensure a good output is to tell it how it
should behave or give it an identity. An example of an identity is to tell ChatGPT to answer
as an expert in a field [15].

2.3 Related Work
Since our field of research is very new, a lot of related topics have not yet been researched.
The amount of related works that could be found were therefore very limited.

There have however been some studies performed on the subject of feedback before. One of
them is the study by Glassey and Bälter [16] that explored the field of generating multiple
choice questions with feedback. The study was performed as part of an introductory
programming course at KTH Royal Institute of Technology. The students that took this
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course were instructed to create multiple choice questions at the end of every week, 35
students participated in this every week. The questions were created in the system PeerWise
and the topic of the questions were the programming language Java. The questions were then
assessed by principles for good multiple choice questions. A finding from the study was that
the students did not have problems creating the questions and the answer alternatives, the
problem was to create feedback that was of good quality. The study also resulted in adding
some more principles to the initial principles for a good multiple choice question. The
principles were divided by question, answer alternatives and feedback. The principles for
good feedback can be found in Figure 1.

(1) Feedback is constructive
(2) Feedback is unique and provided for each answer alternative
(3) Feedback for answer alternatives does not reveal the answer

Figure 1: The principles of good feedback taken from a previous study.

Following the previously mentioned study, another study [17], also conducted by Glassey and
Bälter, was performed in order to rate the collected data. 96 of the questions were reviewed
and ranked by three students and four higher up academics, such as professors and teaching
assistants. Each feedback was assessed according to criterias for good multiple choice
questions, shown in Figure 2. These criterias were based on the principles of good feedback,
found in Figure 1, where the criteria “All feedback is correct” was added and the other
criterias were slightly modified. Each criteria got a rating of 0, 1 or 2 depending on how good
it was fulfilled. The ratings stood for 0: No, 1: Unsure and 2: Yes.

(1) Feedback is unique and provided for each answer alternative
(2) Feedback is sufficient for you to understand why each alternative was

incorrect or correct
(3) Only the feedback to the correct alternative reveals the answer
(4) All feedback is correct

Figure 2: Criteras for good feedback.

In this study, it was also found that the assessors' opinions of the criterias fulfillment were not
always the same. How alike it was also differed between the criterias. For criteria (2), found
in Figure 2, the agreement between the accessors differed the most.
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3. Method
The method was created as a mix of thorough considerations, earlier approaches found in
related work and necessary changes. It is divided into several sections. The first section
shows what data were obtained and from where. The second section explains how this data
was used in order to create new data and the last section describes what tools were used in the
evaluation of the new data.

3.1 Data
This section describes where the data used in the study comes from.

3.1.1 Dataset
In this study, a database with multiple choice questions was provided. Each question in the
database was created as part of a previous study [16]. They all consisted of questions related
to the programming language Java, with multiple answer alternatives and feedback for the
alternatives. An example of how a question is structured can be seen in Figure 3:

Question:Which inheritance in java is not supported?

Answer Alternatives:
A: Multiple inheritance using classes
B: Multiple inheritance using interfaces
C: Multilevel inheritance
D: Single inheritance

Correct Answer: A

Current Feedback:
Java doesn't support multiple inheritance of classes but it supports multiple
inheritance for interfaces. Means, class can not inherit more than one class but it
can inherit and implement multiple interfaces.

Figure 3: Example of structure of a question.

3.1.2 Ratings of Dataset
For the ratings of the original feedback, meaning the feedback collected from the dataset, the
ratings from another study [17] was used. These ratings were a number between 0 and 2 for
each of the four criterias for good feedback, found in Figure 2. In order to give each feedback
an overall rating of how well the criterias were fulfilled, a compilation of the ratings were
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prepared. Resulting in an average value between all four criterias for each feedback. Each
average value was a number between 0 and 8, where 0 meant no criterias were fulfilled and 8
meant all four criterias were fulfilled.

3.2 Methods for Feedback Creation
A basic prompt was created with the help of the rules for a good prompt in ChatGPT, found
under section 2.2.1. The prompt included the principles for good feedback, found under
section 2.3, along with a place for input data, such as a question with answer alternatives and
the feedback.

The prompt was tested on a few randomly picked questions from the dataset and then
modified depending on results. This was done until the test questions were considered to give
satisfying results.

When the basic prompt was considered good enough, it was slightly modified in two different
ways in order to try out different methods for fulfilling the aim. These prompts were also
tested in order to ensure no big changes had occurred in the outputs, for example the output
style. As before, this was done until the prompts were considered good enough. The three
methods are described under the sections 3.2.1, 3.2.2 and 3.2.3.

3.2.1 Prompt 1 - Improve Feedback
This was the basic prompt and it can be found in appendix A. With this prompt, the feedback
given in the input was improved by the AI.

3.2.2 Prompt 2 - Create Feedback
This prompt created feedback rather than improving it as prompt 1. With the basic prompt as
a foundation, modifications were performed to obtain the new prompt. The input feedback
was removed as well as the prompt emphasis changed from improve to create. Other than
that, the prompt stayed mainly the same. The prompt can be found in appendix A.

3.2.3 Prompt 3 - Improve the Whole Input
The third prompt differed from the basic prompt since it improved the feedback by also
improving the question and answer alternatives. The basic prompt was modified in two main
ways for this; the whole input would now be improved and not solely the feedback, as well as
the criterias for a good question and good answers alternatives were added. The prompt can
be found in appendix A.
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3.3 Feedback Creation
With the help of the database of questions and the three different prompts, the new, possibly
better, feedback was created. This was done by picking out the 22 questions with the worst
average rating of the feedback, the four with the best average rating and four random
questions with a rating in between. Making it a total of 30 questions. Each question was then
put into each prompt and sent into a new chat-window in ChatGPT. This to ensure the output
would not be influenced by previous responses. The AI got one shot at each prompt meaning
no questions were regenerated.

3.4 Evaluation
The evaluation of the created feedback was done in two main ways. One where the creators
of this report acted as experts and one where others became a part of the evaluation with the
help of a survey.

3.4.1 Our Evaluation
The evaluation of the generated feedback was conducted similarly to the original ratings of
the input, with a few changes. This time the evaluation was performed only by two people,
instead of seven as before. For starters, each generated feedback got a rating for each of the
four criterias for good feedback found in Figure 2. The ratings were 0, 1 or 2 depending on if
the criteria was fulfilled or not. The ratings stood for 0: No, 1: Unsure and 2: Yes. All ratings
for each feedback was then summed up giving a maximum rating of 8 and a minimum rating
of 0. The ratings were decided by the two assessors individually, but then put together, by
taking the average value of the ratings. Resulting in the final rating to still be a value between
0 and 8.

3.4.2 Survey
The survey evaluation was conducted both to see if a correlation over which feedback was
preferred could be found, as well as getting a few more ratings of the questions. This to see
whether more answers would give any significant changes from the expert answers. The
survey was completely anonymous but started with a few more personal questions about the
respondent. This in case any interesting connections could be found between the factors and
the respondents answers. These questions were: gender, age group, any previous
programming experience and if so, for how long and any experience with the programming
language Java. The rest of the survey consisted of evaluations of four different programming
questions from the input data. They were chosen as the one with the worst original feedback
rating, the best original feedback rating and two questions with random feedback ratings.
What questions were chosen and corresponding ratings can be found in Table 1. The question
with the worst rating can be found in Figure 3 under section 3.1.1.
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Question in survey Question in our Evaluation Original rating

1 3 2.71

2 30 8

3 17 4

4 1 1.71

Table 1: The question numbers included in the survey, with the original rating.

Each feedback for the questions got evaluated in two different ways; by comparing with the
other feedbacks and by answering whether it fulfilled the criterias for good feedback or not.

For the comparison, the respondents first got the original input question with answer
alternatives. They then got to answer what feedback was preferred from the original feedback
and the feedback from prompt 1: improve feedback, and from prompt 2: create feedback. It
was never said what prompts were used or in what order the feedback was presented. The
order also changed between questions. An additional comment on why the chosen feedback
was preferred could then be added. The question, answer alternatives and feedback generated
in prompt 3: improve the whole input, was then shown and the respondent could choose what
feedback was now preferred; the previously picked or the new one. Here too, the respondent
could add an additional comment. This part was done for each of the four questions included
in the survey.

Along with the comparison, the feedback's fulfillment of the criterias was also checked. The
rating was carried out in the same manner as before. However, three of the criterias were
considered to be more objective and therefore unnecessary for everyone to answer. The
criteria that was checked was the second criteria that can be seen in Figure 2 under section
2.3. Here the respondent got to answer Yes, Unsure or No for the criteria depending on if the
criteria could be considered fulfilled or not. The answer alternatives relate back to the
previously used numbers in the following way: 2: Yes, 1: Unsure and 0: No.

3.5 Limitations
● All the questions used in the study relate to the same field, the programming language

Java. This can cause it to be difficult for people without previous knowledge in this
field to answer the questions properly. All the questions being in the same field might
also cause the results to only be applicable to that field.

● In this study, only a small part of the given dataset were used. If a bigger dataset
would have been used, the results might be more accurate. However, the number of
questions used are considered enough to give a satisfactory result.
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● The large language model used is quite new and it is therefore hard to know exactly
how it works. It does not read things like a human and building a prompt making it
understand exactly how the output should be produced is therefore hard. Due to a
limit in time and resources, only a few prompt versions could be tested and decided
upon. If another prompt would have been made, the results from this study might
differ.

● In this study, the considered experts are 3rd year students studying computer science.
If results would have differed with more experienced experts is hard to say, but in this
study, it is assumed not to be a difference.
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4. Results
The result is presented in this chapter with the help of tables and figures. The first section
shows the result of our evaluation of the feedback. The second section shows the results of
the survey, divided into a quantitative and a qualitative part.

4.1 Our Evaluation
The average values of our ratings are shown below in Table 2, together with the ratings of the
original feedback. The ratings are shown for each of the 30 questions and for each of the
three prompts. Every rating is a combined value from all four criterias for good feedback and
each rating is therefore a number between 0 and 8. The sum of the ratings from the original
feedback is 130.13 out of a maximum of 240. For all of the AI generated feedback, the sum is
higher. Prompt 1 generated a sum of 164.5 and the other prompts generated a sum of 180.5
and 181 in ratings.
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Question Original feedback Prompt 1 Prompt 2 Prompt 3

1 1.71 8.00 7.00 7.00

2 2.00 7.00 7.00 6.00

3 2.71 6.00 6.00 4.50

4 2.71 4.00 4.00 4.00

5 3.00 5.50 4.50 3.50

6 3.29 3.50 4.00 3.50

7 3.29 6.50 5.50 3.00

8 3.29 6.50 6.50 8.00

9 3.29 8.00 8.00 8.00

10 3.43 4.00 3.00 4.00

11 3.57 8.00 8.00 6.00

12 3.57 7.50 7.50 7.50

13 3.57 2.50 1.50 3.50

14 3.71 2.00 6.00 6.50

15 3.71 3.50 5.00 8.00

16 4.00 2.00 4.50 8.00

17 4.00 5.50 8.00 6.00

18 4.00 2.50 6.00 3.50

19 4.00 8.00 8.00 7.00

20 4.14 4.00 5.00 8.00

21 4.14 4.00 3.50 0.00

22 4.14 6.00 6.00 6.00

23 5.14 8.00 8.00 8.00

24 5.71 8.00 8.00 8.00

25 6.14 5.50 5.50 8.00

26 6.14 4.00 6.00 5.50

27 7.86 5.50 6.00 8.00

28 7.86 8.00 8.00 8.00

29 8.00 6.00 6.50 6.00

30 8.00 5.00 8.00 8.00

AVERAGE: 4.34 5.48 6.02 6.03

SUM: 130.13 164.50 180.50 181.00

Table 2: Shows the ratings on the 30 different questions from the original ratings and the new
evaluated ratings on the three prompts.
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The values from Table 2 can be presented as a box plot to visualize the span of the ratings
and where most of the ratings lie. This is presented in Figure 4 below.

Figure 4: A box plot representing the ratings from our evaluation.

The results of our evaluation can also be presented by each criteria for good feedback, instead
of the four criterias combined to one value. This is presented in Figure 5. The graph shows
the ratings for each prompt and the graph is divided by each criteria. For criteria 1, criteria 2
and criteria 3 the rating for the three prompts is better than the rating for the original
feedback. If criteria four is considered instead it can be seen that the rating for the original
feedback is better, with a value of 48.71. Prompt 2 is the one with the value closest to the
original feedback, with a value of 45.
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Figure 5: The sum of the ratings for each prompt and the original feedback, for all 30
questions, divided by the four criterias.

4.2 Survey
From the survey, data was collected and the data have been divided into quantitative and
qualitative data.

4.2.1 Quantitative data
This section focuses on the quantitative data collected in the survey, meaning the data that
have been measured.

4.2.1.1 Age

Figure 6 shows the age distribution where 91.7 percent of the respondents, 11 out of 12,
answered 20 - 29. The last respondent answered 50-59. All numbers are in years.

Figure 6: Distribution of age of the responders, shown in years.
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4.2.1.2 Gender

The gender of the respondents is presented in figure 7. A majority, 58.3 percent, answered
with male, 33.3 percent with female and the rest preferred not to say.

Figure 7: Distribution of gender of the responders.

4.2.1.3 Previous Experience of Programming

All twelve of the respondents had previous experience with programming. Figure 8 shows the
distribution of how many years of experience the respondents had. Ten of them responded
that they had more than three years of previous experience, while five out of those ten
responded with more than five years. Eleven out of twelve had previous experience with the
programming language Java.

Figure 8: Distribution of the responders years of previous programming experience.

15



4.2.1.4 Respondent's Preferred Prompt

The respondents got to answer what feedback was preferred, from the original feedback and
the feedback produced with prompt 1 and prompt 2, for each of the four questions. The data
from all questions was compiled, resulting in prompt 2 being noticeably most popular with 50
percent of the votes, 24 out of 48 in total. Second to most popular feedback was from prompt
1 with 29 percent, 14 votes, followed by the original feedback that got 19 percent, 9 votes.
The distribution of the preferred prompt can be found in Figure 9.

Figure 9: Compilation of preferred feedback from all four questions.

The respondents then chose preferred feedback between the feedback they first chose and the
feedback produced by prompt 3. The option “The one I picked first” was most popular with
58 percent of the votes, 28 out of 48 in total. This followed by the feedback from prompt 3,
“The new feedback”, with 27 percent, 13 out of 48, resulting in 7 votes, 15 percent, on “No
preference”. This is presented in Figure 10.
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Figure 10: Compilation of preferred feedback, between the previously chosen one and the
one from prompt 3, from all four questions.

Data from Figure 9 and Figure 10 is combined and presented in Figure 11. Every respondent's
opinion is represented with one vote for each of the four questions, resulting in a total of 48
votes being divided between the different feedback. As can be seen in Figure 11, prompt 2
and prompt 3 are both the most preferred prompt with 27 percent of the votes each, 13 out of
48 votes. Prompt 1 got 19 percent, 9 votes, tightly followed by the option “No preference”
that got 8 votes, 17 percent. Leaving the original feedback with 5 votes, 10 percent.

None of the votes on “No preference” is a no preference between all of the four options. They
are all a no preference between two, or three in one case, of the different feedback options.
Which two, or three, of the feedbacks that the choice stood between is not presented further.

17



Figure 11: The total number of votes on the different prompts.

The results from Figure 11 can also be presented as for what question each prompt was
preferred. This is shown in Figure 12. Here each question gets a total of 12 votes, divided up
between the five options; original feedback, prompt 1, prompt 2, prompt 3 and no preference.
As can be seen in Figure 12, prompt 2 was the most popular for question one and two, with
50 percent respectively 42 percent of the votes in the survey, For question 3, prompt 3 instead
takes the lead with 7 out of 12 votes, 58 percent. In question 4, prompt 1, 50 percent of the
votes, and no preference 33 percent of the votes, is instead preferred.
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Figure 12: Distribution of votes for all questions for all prompts.

4.2.1.5 Feedbacks Sufficiency for Understanding

The second criteria for good feedback, “Feedback is sufficient for you to understand why
each alternative was incorrect or correct” was evaluated by the respondents. They all got to
rate each feedback alternative for each of the four questions resulting in 48 ratings for each
type of produced feedback. The output is presented in Figure 13 where it is shown that most
feedback is considered sufficient for the respondents understanding, resulting in a Yes in the
figure. All of the prompts got at least 73 percent Yes, with prompt 1 getting as much as 88
percent, and at most 10 percent No. The rest answered Unsure. The trend differs for the
original feedback where only 52 percent responded Yes and 33 percent with No.

19



Figure 13: Rating of feedback by the second criteria.

4.2.2 Qualitative feedback
The question about why the responders choose a specific feedback was included to get an
overview of the reasons behind their choices. One thing found was the differences in the
respondents preferred feedback type. Some chose their feedback due to it being short and
concise while others preferred the feedback to be longer and more informative. For example;
on questions 2, one respondent answered the following about prompt 2:

“The first alternative is easiest to understand for me because it gives all the information I
need in the clearest way, compared to other alternatives.”

Another respondent instead choose the origins feedback on the same question, giving the
following explanation:

“It is the most concise, not having any superfluous information”

Another thing stated several times was that another feedback option could almost as easily
have been chosen instead. This due to it being equally good or equally bad. An example of
this is the following:

“A bit clearer, and better sentence flow, but it is really close between 1 and 3”
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5. Discussion
This study has investigated the research question: Can an AI, today available to the public,
generate feedback for answers of human generated multiple choice questions? And to what
extent is the generated feedback sufficient to help a human learn?

5.1 Discussion of Results
Here the findings from the result are discussed.

5.1.1 Prompt Comparison - All Questions Combined
The result of our evaluation showed that prompt 2 and prompt 3 were the prompts that
fulfilled the criterias best. They were almost equally good, and the original feedback was the
one with the lowest ratings. The feedback from all three prompts received better ratings than
the original feedback, indicating that the method used in the study can make feedback better.
The respondents from the survey also thought that prompt 2 and prompt 3 generated the best
feedback. The result from the survey indicated that they both were equally popular. Since
both our evaluation and the respondents’ answers gave the same prompts as the best, it
strengthens the argument that prompt 2 and prompt 3 deliver the most desirable feedback.
Their responses also align with the fact that the original feedback is the least popular.

A reason that prompt 2 and prompt 3 performed best can be that the AI had the most freedom
when generating the feedback in those prompts. In prompt 1 the AI was asked to improve the
given feedback, making it consider the old feedback when producing the new one. So if the
feedback had a bad rating before, or was hard to understand, the new feedback would not
necessarily be much better. Prompt 2 instead gave the AI more freedom about the feedback
since it did not provide the original feedback in the prompt. This however could also be a
reason for the feedback to be incorrect since no human controlled the correctness of the core
feedback. Prompt 3 also got more freedom by getting to change the whole question if it
considered it not to be good enough. It however also included previous feedback resulting in
a partly new question being based on the old feedback and creating errors because of it. The
correctness of these assumptions are hard to verify.

5.1.2 Prompt Comparison - Each Questions Separately
When the result from the survey was investigated on a lower level and the result was shown
by each question the result varied a bit, shown in figure 12. For question one and two, prompt
2 was the one preferred. While prompt 3 was the most popular for question three and prompt
1 for question four. This can be due to several things. On question two the second prompt got
five votes, followed by the original feedback that got three votes. Question three and four
instead had no votes on the original feedback. This could be because the original feedback for
question two already had a rating of eight from the beginning, making it impossible to be
rated higher. Therefore it was probably also harder for the AI to create new feedback that a
human considers better. The original feedback on question three and four instead had lower
ratings from the beginning with question four having the lowest original rating of all
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questions, 1.71. It was then easier for the AI to create better feedback since it did not require
much improvement for it to be of higher quality.

From the qualitative feedback it can also be read that respondents choose different feedback
on question 2 due to one being shorter and more concise, while the other being longer and
more informative. They preferred different types of feedback making it reasonable that two
different feedback options were chosen. Why this pattern is not shown on the other questions
could be because other options were incorrect or no big type differences were given. The
participants' views of this are however hard to confirm. It is also hard to draw any
conclusions about if what kind of feedback a person likes always stays the same or if it
differs.

5.1.3 Criterias
Criteria two, ”Feedback is sufficient for you to understand why each alternative was incorrect
or correct”, was the criteria that was evaluated by both us and the respondents of the survey.
Our evaluation showed that prompt 2 fulfilled the criteria the most, followed by prompt 3 and
then prompt 1. The survey instead stated that prompt 1 was the prompt fulfilling the criteria
most, followed by prompt 2 and then prompt 3. However, in both of these cases, the
differences in numbers are slim and since this study is quite small, any conclusions drawn
might be incorrect. Despite that, similarities can be seen with a previously published paper
[17], where it is determined that criteria two is a very subjective criteria making it hard to
find one right answer. Not everything works equally good for everyone. However, even
though small differences can be found, it is clear that all feedback generated by prompts was
considered sufficient in most cases, with a sufficiency level of at least 73 percent. This while
the original feedback only was considered sufficient in just above half of the cases.

According to our evaluation, found in Figure 5, both criteria one, two and three are better
fulfilled by the prompt generated feedback. For criteria one and two the improvement was
significant. This is not the case for criteria four. The evaluation showed that the criteria was
better fulfilled for the original feedback. Criteria four asks if the feedback is correct, meaning
the reliability of the generated feedback is not as good. The material used for education must
be reliable since the students base their knowledge on it. Incorrect feedback results in
wrongful learning which can be hard to fix. Prompt 1 and prompt 2 had higher ratings than
prompt 3, though not by much. One reason for this was discussed under section 5.1.1 where a
possible explanation was that the new feedback, for prompt 3, was being created from
unaltered data. This resulted in the new feedback not being applicable for the altered data
making it incorrect.

5.2 Implications of theory and practice
Feedback is something that is shown to be an important part of learning and achievement.
The way feedback is received and what type of feedback matters in how effective it actually
is. The study by Hattie and Timperley [9] stated that the effect of feedback had a size of 0.95.
This is a high value and shows how much effect feedback has on the learning process. To be
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able to provide feedback of good quality is therefore important and something that, with the
help of AI, can be made easier. Without feedback we would keep making the same mistakes
and not learn from each other.

As can be seen from the results, AI can produce feedback, and mostly it is considered better
than human generated feedback. Especially since, according to a previous study [16],
feedback is hard to create for a human. This has been a problem that we can now solve with
the help of AI. This however comes at the expense of the feedback not always being correct.
When a human creates the feedback, they are in control of making sure it is correct. For an AI
it is harder. Here a knowledgeable human can of course check the correctness of each
produced feedback, but then the gain of having an AI producing the feedback is not as
beneficial. But even if the teacher has to proof check the feedback this can mean less
workload than doing it from scratch. This since producing feedback can be time-consuming
[7] and any help can therefore save time.

Another way of using this method to produce feedback would be for the tool to be directly in
the hands of the students. They would themselves be able to find the feedback and take help
from each other in order to both learn from the feedback and assess its correctness. If a
system was implemented, they would be able to report incorrect feedback and potentially use
that information to teach the AI to become more and more correct. This can also be a learning
opportunity for the students. Together with that, the system could also have a user friendly
interface for prompt optimizations such as adding how long or how descriptive to make the
feedback. This would not only help with generating feedback, but also helping with
generating feedback that is preferred for that student in particular. Personalized feedback can
be used when giving feedback and is shown to have a positive impact [8]. This to hopefully
make the already big effect size for learning even bigger.

5.3 Limitations
As talked about in the previous limitations, it is hard to know what the chosen language
model takes in as information when creating the output. In this study it is shown that the
model is not always consistent and the output information is not always correct. This could
partly be because of our lack of time to explore the model fully in order to create a prompt
optimal for the model's abilities, if that is even possible. Another possibility for getting better
and more correct results is to use a better model. Today, the better the model, the more time
and energy it takes to generate the output. The really good models are therefore not available
to everyone. For example, there is a better model for chatGPT that can be used if you pay for
it. This however is a limitation that makes the potentially better outcomes not accessible for
everyone and is therefore avoided in this study.

A limitation is the number of people that the survey reached as well as who they were.
Generally, a larger amount of data will give a better average and therefore more correct
results. With a smaller group, this is not always the case. With the representation of a larger
group a preferred prompt maybe could have been shown more clearly. If enough people were
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used in this survey to be able to draw correct conclusions is hard to say, but it will be
assumed in order to draw some conclusions about the work.

Who the people answering were and what previous experience they had could also have made
a difference. In this study, most of the responders had at least 3 years of previous knowledge
about the subject on which the questions were based. If more responders without previous
knowledge about the subject had participated, the results might have been different.

The questions used in the survey were chosen partly according to their ratings. The question
with the worst and the best original ratings were added and two questions with random
ratings in between. As shown in Figure 12, there was a clear difference for each question
which prompt was most popular. If any questions were to be changed, taken away or added,
the results might have been completely different and a clear trend for one of the prompts
might be seen. It is therefore hard to know how trustworthy the final results and the
conclusions made about the prompts are.

5.4 Future work
This study opens up the possibilities for teachers and students to easily create good feedback
for multiple choice questions. There are, however, some flaws at the moment that should be
studied further and there are therefore several ways of continuing this work.

One way is by studying if this method can be used in other fields too, or if the method
currently is restricted to programming questions. Also studying what type of question that can
get feedback can be of interest. Only multiple choice questions or also questions without
answer alternatives.

Another thing to keep investigating is if the time a responder has previously put down in the
subject has any role in what type of feedback the respondent prefers. Someone with much
experience may want shorter and more concise feedback, while someone new to the field
might want longer and more explaining feedback. Since the span of programming experience
was not so extensive in this study, any conclusions about if this is the case or not can not be
drawn.

It could also be interesting to conduct the study on a larger scale, with both more questions
and with more respondents in the survey. This to see if the results would differ from this
study and if a larger amount of data could point to one of the prompts being much better than
the others. Further, if this study was created again, the results could be completely different.
This field is moving forward at an incredible speed making it possible for our work to already
be outdated. Changes to the method should therefore be considered if this study was to be
created again in order to better adapt to the tools available at the time.
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6. Conclusion
This thesis set out to answer the research question: Can an AI, today available to the public,
generate feedback for answers of human generated multiple choice questions? And to what
extent is the generated feedback sufficient to help a human learn?

In this study, it is shown that an AI, today available to the public, can help in creating
feedback for multiple choice questions. The generated feedback is also mostly considered
sufficient. With these results, a new opportunity has opened up for teaching where a teacher
is not always required to the same extent anymore. There is still some way to go with making
sure the feedback is correct, but with this study we have come some way in finding new
techniques for solving the UN development goal. Concluding in AI today being a good tool
for feedback creation, but not always trustworthy.
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6. Appendix

6.1 Appendix A - Prompts
Prompt 1 - Basic prompt: Improve Feedback
Consider yourself an expert on the programming language java and the topic that the following

question takes up.

You will get a question with multiple potential answers. The answers will all have a letter then colon

(:) followed by the option. For example you will get “A: options 1, B: option 2” and that is two

different options.

Each answer also has feedback that explains whether the answer is correct or incorrect together with

an explanation of why. The explanations for why the incorrect answers are incorrect should NOT

reveal the correct answer. Meaning, you should be able to get the feedback from an incorrect answer

without getting to know what answer is correct.

Your job is to take all the information you get and use your knowledge of the field to improve the

different feedback explanation so that they better fulfill the following criterias:

- Feedback is constructive.

- Feedback is unique and provided for each answer alternative.

- Feedback for answer alternatives does not reveal the answer.

The feedback should be printed on the following form:

A: [correct or incorrect depending on if the answer is correct or incorrect] explanation why

B: Same as above

… and the same for all options.

NO OTHER information than the feedback for each answer should be printed. Meaning, there should

not be a conclusion after the feedback for each answer.

The question is like follows:

The answer alternatives are:

A:

B:

C:

D:

The correct answer is:

The current feedback is:

28



Please improve the feedback. Remember that only one answer alternative should be correct. Think

through your answer before you print and make sure you use the information you know about the

subject. The feedback should be understandable for a first year computer science student.

Prompt 2: Create Feedback
Consider yourself an expert on the programming language java and the topic that the following

question takes up.

You will get a question with multiple potential answers. The answers will all have a letter then colon

(:) followed by the option. For example you will get “A: options 1, B: option 2” and that is two

different options.

Your job is to take all the information you get and use your knowledge of the field to create feedback

to the answer alternatives.

The feedback should say if the answer is correct or incorrect together with an explanation of why.

The explanations for why the incorrect answers are incorrect should NOT reveal the correct answer.

Meaning, you should be able to get the feedback from an incorrect answer without getting to know

what answer is correct.

The feedback should fulfill the following criterias:

- Feedback is constructive.

- Feedback is unique and provided for each answer alternative.

- Feedback for answer alternatives does not reveal the answer.

The feedback should be printed on the following form:

A: [correct or incorrect depending on if the answer is correct or incorrect] explanation why

B: Same as above

… and the same for all options.

NO OTHER information than the feedback for each answer should be printed. Meaning, there should

not be a conclusion after the feedback for each answer.

The question is like follows:

The answer alternatives are:

A:

B:

C:

D:

The correct answer is:

Please create feedback to the given answer alternatives. Remember that only one answer alternative

should be correct. Think through your answer before you print and make sure you use the
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information you know about the subject. The feedback should be understandable for a first year

computer science student.

Prompt 3: Improve the Whole Input
Consider yourself an expert on the programming language java and the topic that the following

question takes up.

You will get a question with multiple potential answers. The answers will all have a letter then colon

(:) followed by the option. For example you will get “A: options 1, B: option 2” and that is two

different options.

Each answer also has feedback that explains whether the answer is correct or incorrect together with

an explanation of why. The explanations for why the incorrect answers are incorrect should NOT

reveal the correct answer. Meaning, you should be able to get the feedback from an incorrect answer

without getting to know what answer is correct.

Your job is to take all the information you get and use your knowledge of the field to improve the

question, alternatives and feedback. The question should still be about the same subject but the new

version should better fulfill the following criterias:

- Question is from the course domain.

- Question is targeted towards a misconception.

- Question is not based on reference look up.

- Question is reasonable to solve without external systems.

- Three or more answer alternatives are provided.

- Answer alternatives are plausible and linked to the misconception.

- Answer alternatives are formulated to maximize readability.

- Feedback is constructive.

- Feedback is unique and provided for each answer alternative.

- Feedback for answer alternatives does not reveal the answer.

The feedback should be printed on the following form:

A: [correct or incorrect depending on if the answer is correct or incorrect] explanation why

B: Same as above

… and the same for all options.

The question is like follows:

The answer alternatives are:

A:

B:

C:

D:
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The correct answer is:

The current feedback is:

Please improve both the question, the answers and the feedback. Remember that only one answer

alternative should be correct. Think through your answer before you print and make sure you use the

information you know about the subject. The question, answers and feedback should be

understandable for a first year computer science student. The format of the question should be the

same as before.
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