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Abstract

Peer review is a method of learning that has existed for many years, and has
been applied in several ways in different educational contexts. For this thesis, the
goal was to find out how using peer review for an individual assignment versus a
group assignment impacts the learning outcome for computer science students in
the context of programming assignments.

In order to be able to compare students’ learning outcome when using peer
review for an individual assignment versus a group assignment, in this research
a novel group management functionality was developed for the existing peer re-
view system Computer Science Assignment Management System (CSAMS). CSAMS
only allowed for individual assignments with peer review, but with the new func-
tionality, it is capable of handling group assignments while enabling individual
peer review of other projects. With the new functionality, CSAMS was used in the
Cloud course (PROG2005 - Cloud Technologies) at NTNU Gjøvik, in which stu-
dents both performed an individual assignment and a group assignment through-
out the course. As part of this, this project required the deployment and operation
of the system throughout the spring semester in order to explore its utility both
for lecturers and students. To collect data about the students’ learning outcome
from using peer review on these assignments, surveys were created and given to
the students following their peer review activity.

The surveys offered interesting insights into the learning opportunities asso-
ciated with peer review. One such example was that there are two main factors
that affect how much a student learns during a review in a peer review process,
the first one being skill level of the reviewer, and the second one being the ef-
fort put into the review. Based on these and further findings, this work reveals
that students have a higher learning outcome when using peer review for a group
assignment over using peer review for an individual assignment only. The thesis
concludes with further directions for advanced research in this area, as well as re-
commendations for feature extensions to make the system more useful in course
settings.

iii





Sammendrag

Peer review er en læringsmetode som har eksistert i mange år, og som har blitt
brukt på forskjellige måter i ulike læringssammenhenger. Målet for denne mas-
teroppgaven var å undersøke på hvilken måte læringsutbyttet påvirkes ved bruk
av peer review for en individuell oppgave kontra en gruppeoppgave for inform-
atikkstudenter i forbindelse med programmeringsoppgaver.

For å kunne sammenligne studentenes læringsutbytte når man bruker peer
review for en individuell oppgave kontra en gruppeoppgave, ble det i denne for-
skningen utviklet ny funsjonalitet for gruppeadministrasjon for det eksisterende
peer review systemet Computer Science Assignment Management System (CSAMS).
CSAMS tillot tidligere kun peer review av individuelle oppgaver. Med den nye
funksjonaliteten håndterer nå systemet både gruppeoppgaver og individuelle peer
reviewer av andre prosjekter. Den nye fuksjonaliteten i CSAMS ble brukt i Cloud-
faget (PROG2005 - Cloud Technologies) på NTNU Gjøvik der studentene både
gjennomførte en individuell oppgave og en gruppeoppgave i løpet av semesteret.
Som en del av arbeidet, var det behov for å klargjøre og drifte systemet gjennom
vårsemesteret for å kunne vurdere nytten det hadde både for forelesere og stu-
denter. For å kunne samle data om studentenes læringsutbytte ved bruk av peer
review av disse oppgavene, ble det utarbeidet spørreundersøkelser som ble gitt til
studentene etter at de hadde gjennomført peer review.

Spørreundersøkelsene ga interessant innsikt i læringsmulighentene ved bruk
av peer review. For eksempel var det to hovedfaktorer som påvirker hvordan stu-
dentene lærer gjennom et review i en peer review-prosess. Den første faktoren er
ferdighetsnivået på revieweren og den andre er innsatsen som legges inn i å gjøre
reviewet. Basert på disse og ytterligere funn, viser dette arbeidet at studentene
har høyere læringsutbytte når de gjør peer review for en gruppeoppgave enn når
de gjør det for en individuell oppgave. Avslutningsvis i denne masteroppgaven
presenteres forslag til videre forskning på området, i tillegg til anbefalinger til
nye fuksjoner for å øke nytten av systemet ytterligere i ulike fag.
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Chapter 1

Introduction

1.1 Keywords

• Peer review
• Group assignments
• Programming courses
• Learning Outcome
• Computer Science Education
• Development

1.2 Motivation

Peer reviewing is a method of learning used by many people around the world. It
can be used in multiple areas such as work, research, and education. Most people
will most likely have their first interaction with peer review at some point during
their time going to grade school, high school, or university. There are many dif-
ferent ways of conducting a peer review, e.g. in writing, through discussions, or
using a digital peer review system. An example of a digital peer review system is
ComPAIR[1], which is a system developed and used by the University of British
Colombia for educational purposes. While there are several ways of conducting a
peer review, there are also multiple use cases for it. One can perform a peer review
on written assignments, projects, coding, individual tasks, group tasks, and more.

There is a lot of research on trying to find and achieve the best learning out-
come when using peer review. For example, [2] looks into if the learning outcome
is higher when one completes one versus multiple reviews during a peer review.
There is also research looking into learning outcomes when doing peer review
on an individual assignment, and research looking into learning outcomes when
doing peer review on a group assignment. But there is little to no research on
comparing both.

Seeing this gap leads to a motivation of trying to explore and gain additional
insight into this gap. It clearly indicates that there is a lack of research when it
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Chapter 1: Introduction 2

comes to comparing the learning outcome of doing peer review on an individual
assignment versus on a group assignment.

This motivation leads to a range of research questions that this thesis aims to
explore.

1.3 Research Questions

The goal of the research questions created for this thesis is to get a better under-
standing of how peer review affects students’ learning outcome when used for
individual assignments as well as for group assignments. The aim is also to look
into how students learn best, and what their preferred method of learning is. With
these goals in mind, the following research questions were formulated:

1. RQ1: To what extent does the writing as well as receiving of peer reviews on
group and individual assignments respectively impact the student learning
outcome (with respect to that assignment)?

2. RQ2: Does a computer science/programming student learn more from in-
dividual work or group work when it comes to programming skills?

3. RQ3: Do computer science students prefer to learn coding individually or
in a group?

1.4 Contribution

The contribution of this thesis can be divided into three parts, which are develop-
ment, hosting and maintaining, and research.

As part of this thesis, the existing peer review system called Computer Sci-
ence Assignment Management System (CSAMS) has been extended with a novel
group management functionality. While being used for individual assessments,
the ability to allow for reviews of group submissions had not so far been covered
by existing functionality. This novel group management functionality is a feature
that is the basis for the evaluation performed as part of this research. At the same
time, it is a permanent feature extension to CSAMS that will be used for peer
review of group work.

Being the developer of this new feature also required taking the responsib-
ility of deploying and maintaining the system throughout the semester for given
courses, which were the basis for the evaluation. This included making sure every-
one got access to the system, responding to issues by fixing any errors and bugs
that occurred, and redeploying patched versions while ensuring data integrity
across deployments. At the same time, operating on an existing code base also re-
quired addressing existing bugs, i.e., bugs that were existing prior to the addition
of the new functionality, in order to ensure a smooth operation.

In the field of research, this thesis contributes to a better understanding of the
difference between learning outcomes from peer reviewing a group assignment
and peer reviewing an individual assignment. Due to this research being targeted
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at computer science students, the outcome of the research will primarily give in-
sight into computer science students and their specific disciplinary interests, but
also into the particular types of deliverables in computer science courses (e.g.,
code), as well as specific aspects of collaboration that differs from other environ-
ments (e.g., collaborative versioning based on git). Outcomes and insights might
hence differ for other fields, even if using the same tool set. To this end, this thesis
seeks to provide insight into the value of peer review for group projects in the
context of software development specifically.

1.5 Outline

Responding to these objectives, the remainder of this thesis is structured as fol-
lows:

Chapter 2 - Background
The goal of this chapter is to provide the reader with a general background in the
area of peer review in the context of computer science courses in Gjøvik.
Chapter 3 - Related Work
In this chapter, both literature and related work will be shown and reviewed in a
systematic literature review.
Chapter 4 - Methodology
In this chapter, the methodology used will be presented. This includes research,
development, and data collection. This chapter is built up of several sections
where each section describes a method used in this process.
Chapter 5 - Results
The Results chapter turns to the reporting of the findings from the different meth-
ods, which it compiles and analyzes.
Chapter 6 - Discussion
This chapter will summarise the thesis provided before it goes into discussing the
proposed solution. Finally, it will conclude the thesis. As well as it will provide
information about potential future research, both from the scientific perspective
and opportunities related to the future development of CSAMS.





Chapter 2

Background

Peer review is a method used in different ways, it can be used for learning, revis-
ing, quality control, and so on. In this thesis, the focus is on the learning aspect
of peer reviewing. Using peer review for learning purposes is often found in an
educational context, such as in colleges and universities where it is used to better
achieve the learning outcome of various subjects, tasks, or skills. The goal of the
peer review is to learn by reviewing other people’s work. When using peer review
in computer sciences/programming courses, the goal is often to learn by review-
ing other students’ code. Through reviewing code, one can learn other ways or
better ways to solve a problem, test and debug, and learn what to do and what
not to do. Depending on the coding skills of the reviewed and the reviewer the
learning outcome will vary.

At NTNU Gjøvik they currently use a peer review system called Computer Sci-
ence Assignment Management System (CSAMS). CSAMS is a peer review system
that allows teachers to create assignments with peer review for the students. Once
the deadline for the assignment is passed, the students will get access to review
other students’ assignments. All reviews are anonymous so neither the reviewer
nor the reviewed, will know who they are reviewing or who are reviewing their
work. CSAMS is managed by several professors in the IE[3] faculty and is used
regularly for their courses. Using the same system for multiple courses, where
some of the courses have more than 100 students, makes this a highly trafficked
system. Before the work with this thesis started, CSAMS was a peer review system
only capable of handling individual assignments. The system was originally built
by three bachelor students, as part of a bachelor thesis in 2019. After that, it has
been up to the teachers to maintain and update the system as they used it.

With CSAMS only having the capability of handling individual peer reviews,
there was an opportunity to expand the system with group management function-
ality to allow the students to deliver as a group before conducting a peer review. By
adding the group management functionality to CSAMS, it could be used to meas-
ure students’ learning outcome when doing peer reviews on group assignments.
With the already existing feature for individual assignments, students learning
outcomes on individual assignments can be measured. By measuring both indi-

5



Chapter 2: Background 6

vidual and group assignments, the results can then be analyzed and compared.
This analysis will help to answer the three research questions of this thesis. Devel-
oping the group management functionality to CSAMS, will also add functionality
to the system that the professors have been missing for several years.

Further, in the thesis when discussing the "Cloud course" it refers to the course
(PROG2005 - Cloud Technologies)[4] at NTNU Gjøvik.

The following chapter will turn to provide a background in research in the area
of peer review more generally, with focus on peer review in group work settings
specifically.



Chapter 3

Related Work

In this chapter, the process of searching for articles and the literature review will
be described. In order to respond to the first research question, this thesis relies
on a systematic literature review. This review follows the principles laid out in [5].

The purpose of this literature review is to obtain more knowledge on using
peer review for learning outcomes and find already existing research that relates
to this topic. Identifying existing research will help in the analysis of the topic
discussed in this thesis and prevent duplication of existing work.

This chapter is structured as follows, first, it will go into how the literature
search has been performed. Secondly, it will go into the literature review, before
the chapter is completed with a summary and conclusion of the literature review.

3.1 Search of articles

The search for articles was done between September and December of 2022. To
select the relevant literature from the extensive selection of literature in this time
period, some conditions were used. First of all, Google Scholar has been used [6]
to search for articles. Scholar allows searching for articles from multiple databases
and publishers. Some of the well known publishers represented with articles were
Springer, Elsevier, and IEEE. Another condition for the search was that the articles
needed to be either free to access or accessible through the NTNU network.

When it comes to searching for articles relevant or related to this research, the
following search parameters were used:

• Peer review
• Group work
• Individual work
• Learning outcomes
• Computer sciences

These parameters were used in the following combinations:

• "peer review"

7
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• "peer review" "learning outcome"
• "peer review" "learning outcome" "computer science"
• "peer review" "learning outcome" "group work"
• "peer review" "learning outcome" "group work" "computer science"
• "peer review" "learning outcome" "individual work" "group work"
• "peer review" "learning outcome" "individual work" "group work" "computer

science"
• "peer review" "learning outcome" "individual work" "versus" "group work"
• "peer review" "learning outcome" "individual work" "versus" "group work"

"computer science"

Since peer review is a method that has been used for learning for many years,
identified articles range all the way back to before the year 2000. Because of the
big time span of articles, a year limit was set to 2015, i.e. the search was limited
to articles from 2015 or newer. Later on in the search the time limit was changed
to 2005 to allow for finding older research that could also be related.

With the conditions set, there were still a lot of articles found. The next step
was to identify articles that were related and useful for this thesis. The follow-
ing conditions were, thus, used to select articles: 1. Title, 2. Type of article, 3.
Keywords, Abstract, introduction, conclusion, 4. Whole article.

First when selecting an article, the title was reviewed. If the article name
seemed relevant, it would go further on in the selection process, if not it would be
passed. A lot of the articles found from the search, were not relevant, due to the
reason that they just came up because they contained one of the search words.

Next was to check that the article was a journal or conference article, and not
a blog post or something similar. If the article met these criteria, it would go on
to the next step of the process, else it would be dropped.

The next step in validating the article was to look at the keywords and read
the abstract, introduction, and conclusion. Based on the impression and overview
gathered of the article after reading these sections, the decision to keep the article
for the next step was made. If it was very obvious that the article was not relevant,
it would be dropped. If there were any uncertainties the article was relevant, it
would be forwarded to the next step, as would articles that seemed relevant.

The last step to select articles was to read the whole article. After reading the
article, if it appeared to not be as relevant as anticipated, it was dropped. Relevant
articles would be used for the literature review.

3.2 Literature Review

This section is about the literature review done for this thesis. The literature re-
view will be used to acquire knowledge on the topic that will be used for the
research and to help answer the research questions. The articles and knowledge
reviewed can also be used as building stones for the discovery. Secondly, a review
like this one allows for discovering and gaining knowledge on what projects and
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research that have already been done on this topic.
The articles in this review, have been divided into three main categories. Each

category is set as a subsection, and the sections are called: Group Related, Learn-
ing Outcome and Peer Review. In the category Group Related the articles’ main
focus is on group work. While in the category Learning Outcome the articles’ main
focus is on learning outcome. Lastly in the category Peer Review the articles have
the main focus on peer reviewing.

3.2.1 Group related

Do they have to like it to learn from it? Students’ experiences, group dynam-
ics, and learning outcomes in group research projects [7]

In this article, the researcher reviews existing data on learning outcome in
groups, and test what a student’s learning outcome is during a group project. The
article goes in depth on different aspects of how group work can contribute to
learning. Some of the aspects mentioned are: “Group Processes in Small-group
Pedagogies”, “Cooperative learning pedagogy” and “Collaborative learning ped-
agogy”[7]. Further on in the article, the researchers look into the aspects and
variables that go into group work, identified by the help from the data collected
from the students, of their experience from working in groups.

The findings were ambiguous where the answer to their research question "Do
students have to like group research projects in order to learn from them?" was
both yes and no. There are several factors going into this statement. The findings
showed that it did not matter whether a student did not like the group or working
in a group. Because this had little impact on the results of the grades. There were
also data shoving the opposite. This meant that the impact varies from person to
person.

Thoughts:
Based on the good research work and use of earlier articles, this research is

valid. The researchers are able to use earlier work for reference in this research.
The article shows that there has been done thorough work in finding and research-
ing the aspects that exist in group work and using it for the conclusion. One thing
that would improve this article, is to write a separate conclusion section to make
the conclusion more accessible. It is a bit hard to see what is being concluded in
the discussion chapter.

Self and peer assessment – does it make a difference to student group
work?[8]

In this article, the researchers look at the problem of free riders in a group.
They acknowledge free riders as a common problem in group assignments, and
that it reduces the motivation and irritates the other members of the group that
have to work with them. A lot of the students think it is unfair that free riders get
the same grade as the members of the group that have actually done the work.
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To try and solve this problem the researchers propose a self and peer assessment
strategy.

The strategy is divided into two assessments. The first is a self assessment,
where the students will assess their own work, and show what they have done
and contributed to the group project. The second assessment is a peer assessment.
The goal of this one is to allow the students to give assessments of the other group
members’ contributions. With these assessments, the teachers will be able to give
different grades to the free riders in the group and prevent the problem of students
getting good grades for free.

The strategy showed to be successful and worked as intended. With the self
and peer assessments, they were able to discover the free riders and give grades
based on the work each student put into the group assignment. While it worked
the researchers also discovered that students were giving good feedback to the
members of the group that showed that they had had personal problems and were
unable to contribute as much as the others. This can potentially lead to an unfair
grading of students that do not contribute as much but hides their personal prob-
lems. This was then mentioned as feature research.

Thoughts:
While the proposed strategy is interesting and shows that it works, this was a

very small scale experiment. They had 17 students contributing to their testing.
To be able to clarify that this works on a broader basis, there need to be done
experiments on a bigger scale. This research discusses a well-known problem of
free riders in group work and suggests a way to solve it. The knowledge gained
from this research will be taken into account for the implementation of the group
functionality in CSAMS. Free riders are also something to watch out for in this
research.

Does Cooperative Learning Improve Student Learning Outcomes? [9]
In this article, the researchers look into whether cooperative learning improves

the learning outcome. The researchers do this by comparing normal lectures to
cooperative lectures. By cooperative lectures, they talk about lectures where the
students work together in groups. This experiment has also been done on group
assignments and exercises. Throughout the article the researchers go into what
cooperative learning is, how they will test it, and earlier work done in the field,
and give an in depth explanation of how they have measured the learning outcome
of cooperative learning.

This research gives a good insight into why cooperative or group learning can
and should be used for learning. throughout the experiment, the researchers are
able to establish that cooperative learning improves the learning outcome. They
have also collected feedback from students that says that they like having the abil-
ity to both learn from the teachers and from their group members. The researchers
have chosen to not look into the problems that can occur in group work like for
example free riders.
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Thoughts:
This is interesting research showing the benefits of group work, and that work-

ing in groups opens up other ways for students to learn. This article covers the
same area as the research done in this thesis and it will be useful. It will be useful
in finding out what to compare between individual and group peer reviewing, and
what to look for.

Students of a Feather “Flocked” Together: A Group Assignment Method
for Reducing Free-Riding and Improving Group and Individual Learning Out-
comes [10]

In this research article, the researchers look into a common problem in group
work which is free riders. The researchers use earlier research done to establish
their hypotheses that preselected groups reduce free riders more than self selec-
ted groups, and that this supports better learning outcomes. What they mean by
preselected groups, is groups created based on the work time and motivation to
work on the project that each student has.

The experiment was done on the same participants over different assignments.
One assignment was done where the students could choose their own groups,
whereas for the other assignment, the students were assigned a group. In these
groups, the students were matched based on their time schedule, and how much
they wanted to work with the project. This led to groups containing students with
similar goals. Both group scores and individual scores were measured for both
assignments to be able to compare them. While this was a small study and the
researchers only had 16 groups to work with, they were able to see and conclude
that there was a small difference between them. They found that in the preselected
groups, both group learning and individual learning were higher and that there
were fewer free riders.

Thoughts:
This was a very interesting study due to the fact that it looks into a problem in

group work that most people know about, but few have researched. Since this is
a small study, it is hard to say if the findings are applicable to larger groups of stu-
dents. This is also why this topic should be repeated on a bigger scale. This study
gives inspiration for developing the group functionally to CSAMS with a focus on
preventing free riders.

3.2.2 Learning outcome

The effect of peer review on student learning outcomes in a research methods
course [11]

The researchers of this article want to see how peer review affects students
learning outcomes in a course where the topic is research methods. During their
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research, they investigate how peer review affects learning compared to not doing
a peer review. They refer to previous research showing that peer review is a good
method of learning. With this in mind, they created three hypotheses based on
the belief that students doing peer review will get higher grades, score higher
on learning outcomes, and have higher changes in performance. The experiment
was conducted over two semesters on the same course. Students taking this course
were given the opportunity to choose which course path they wanted to do. The
option was between taking the peer review path or the non peer review path.
The two paths or groups had the same lectures and learning materials, the only
difference was that the group with peer review had peer review included in their
course.

Throughout the course, the students had different assignments and tests that
all counted against their grades. The group taking the peer review path got to
do several peer reviews during the course for writing assignments. Students were
randomly divided into groups of three for the peer review sessions. This allowed
each student to get two reviews and prevented students from choosing their own
group.

Analyzing and concluding their work the researchers found out that peer re-
viewing did not make any difference in the final grades the students got. It ap-
peared that the students not doing peer review, were able to do just as well as the
students doing peer review. They concluded that the reason for this could be that
the students were using too much time on peer reviewing so they did not manage
to catch up with the other students. There was one assignment where they could
see that the students doing the peer review performed better, but this did not alter
the overall scores.

In the future work section, they mention multiple methods and ways of fu-
ture work. Some of them are: Doing similar research but having the review be
anonymous, and peer review should be tested for other types of courses to see if
it works better there.

Thoughts:
This research is capable of showing that although peer review has a reputa-

tion for being a good learning method, it might not always make a big difference.
This article shows that there are cases where peer reviewing does not work as
intended. If the reason for it not working is due to badly conducted practice or if
it does not work for every subject, is hard to say without future research on this
topic. This was also suggested as future research by the researchers. While this
specific research topic is not the same as for this thesis, it will be kept in mind for
the planning and performing of this research.

Using peer review as a vehicle for communication skill development and
active learning [12]

This article takes another approach to using peer review, than the other articles
do. In this article, an instructor of a computer sciences course decides to test if she
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can use peer review to help the students learn more about the other group projects
in the course. The course is followed by a small class of 11 students which are
divided into four groups. Each group was given their own projects. The instructor
wanted to use peer review to get students more active in questioning the other
groups’ work during the weekly presentations in class. She hoped that by knowing
more about the projects that were being presented, the students would ask more
questions afterward.

After using peer review in the course, the instructor realized that it did not
actually make the students more active in questioning the presenters. However,
she discovered that the review feedback that was produced, helped each group
make their own projects better. She also discovered that the students learned a
lot from reviewing other projects in the way that they discovered other methods
and ways of doing things. The students themselves were very happy with the
experience and enjoyed learning more about the other projects.

While these are interesting findings on the use of peer reviewing in a com-
puter science course, the scale on which it was conducted is very small. There
were only 11 test subjects in this experiment so to be able to say if the same out-
come is applicable on a broader basis, the experiment needs to be conducted on
a larger scale.

Thoughts:
This article is a good example of students benefiting from using peer review.

The research done might have had another outcome than the researcher expec-
ted, but it shows the peer reviewing benefits to learning outcomes even when that
was not the research goal. This research can help to find out what to ask for when
creating a survey to collect data about group work.

Peer Assessment in the Algorithms Course [13]
In this research, the researchers look at how using peer review in computer

science courses affects students’ learning. In the article, the research has been lim-
ited to the specific course Algorithms. Following the algorithm course for one year
the researchers conducted eight tests of peer review. For each test 6 to 8 students
were given an assignment, the assignment gave the students multiple algorithm
tasks that they were to complete in one week. Once the assignment was done,
the submissions were anonymized and randomly given out to all the students in
the class for feedback. The feedback was then given back to the students who had
done the assignment. In this way, many students were given the opportunity to
try it out and learn both through receiving feedback and giving feedback.

Through the testing and analyzing of the results the researchers were able
to say that the experiment was a success and concluded that peer review helped
learning. They also suggested that peer review should be used in other courses in
computer science. To be able to analyze the results they made students give scores
for each task in the assignments based on their criteria.
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Thoughts:
While this research shows that peer review works for the case shown in this

article, the method of only doing peer review for a small group in the class at a
time is reducing the efficiency of peer reviewing. While it can also be an excluding
strategy if there is not enough time to cover all students. This method of perform-
ing a peer review might work in this case, but it should get more testing on how
efficient it actually is.

Self-discipline as a Key Indicator to Improve Learning Outcomes in e-
learning Environment [14]

In this research article, the researchers look at how self-discipline can affect the
learning outcome of a student. For this experiment, they target students that have
digital courses and are in an e-learning environment. As they say in their article,
in an e-learning environment a student has to work and learn independently, due
to the fact that they take courses over the Internet. The researchers then want
to measure to what extent self-discipline is an important factor for the student’s
learning outcome in this environment.

To test their hypotheses they run tests on the students to try to measure their
self-discipline. By measuring both what students think about their own discipline
and all the tasks and assignments they have done throughout the year. They found
that self-discipline is a key factor for learning outcome. This experiment was done
twice both where they followed the course and also with over 100 participants.

Thoughts:
This research is going to be relevant for this work and is something that should

be taken into measure when assessing learning outcome. Although self-discipline
is just measured for e-learning, self-discipline will ’be a factor in this research, too,
due to the fact that the students have to learn to complete their assignments.

Peer reviewers learn from giving comments [15]
This is a research on peer review used in a writing course. The researchers want
to go in depth on how commenting on a written task has an effect on the learning
outcome. The experiment is done on 87 undergraduates in a physicist course.
Before going into depth on their experiment, the authors discuss earlier work
done in this area. They show good knowledge about what exists and how they
are contributing to new research. They are also able to use earlier research to
back their discoveries.

In the article, there is an in depth explanation of how they analyze and categor-
ize their data. The explanation gets a bit technical. Throughout the explanation,
they categorize the review comments into three main types: Surfaced features,
micro-meaning, and macro-meaning. With these three categories, they are able to
see what review comments give the best effect on the learning outcome and help
the student that receives the review the most. They are able to conclude that giv-
ing comments on peer review, increases the learning outcome more than receiving
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comments.
While they are able to find a conclusion, they also add that this topic needs

more research, and they indicate what future research that they think should be
done. The future research mentioned is: “why students review peer drafts differ-
ently from the manner in which they revise their own drafts” and “to investigate
what student reviewers learn by giving comments on peer drafts and how that
knowledge is transferred to their own writing”[15].

Thoughts:
This is a related article to this research and will be used for inspiration for the

thesis. Inspiration can be taken from how they have completed their data analysis.

Assessor or assessee: how student learning improves by giving and re-
ceiving peer feedback [16]

The article looks at how the roles of assessor(reviewer) and assessee(receiver)
of a peer review improve the students’ learning. This research has been conducted
on 43 students studying to become teachers. To be able to conduct their research,
the researchers created a web based peer review system. The system allowed each
student to submit an assignment. Then they would receive two randomly chosen
assignments to review. Each student would also receive feedback from two fellow
students on their assignments. When the feedback was complete, each student
was able to update their assignment based on the feedback before submitting the
final version.

Through the testing, the researchers discovered that there were differences
between good and bad feedback given. Bad feedback came from either lack of
experience in giving feedback or not enough knowledge on the subject they were
reviewing. This resulted in students with greater knowledge, would disapprove of
the poor feedback they received, and try to find better solutions by themselves.
The same happened when students received conflicting feedback and they had
to find out what was right. The researchers concluded that both the assessor and
assessee roles contributed to learning, although they were tested together.

Thoughts:
This article started in a weird way. Because based on the introduction and their

description of the research, one gets the impression that they were going to re-
search and compare the two roles, assessor and assessee, which they did not. They
mention that these two roles should be compared to each other in future research.

Improving the effectiveness of peer feedback for learning [17]
The article lacks structure, and one has to read multiple pages before being

able to identify the research questions and the hypothesis for this work. The au-
thors dive into reviewing of similar work and while they have done good research
on the topic, it is hard to link the literature research to the research topic at hand,
due to the lack of information beforehand.
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Only when they come to their research part, do they finally address what they
will be researching. They will test the performance increase of students based on
constructive feedback. In this experiment, the participants are students from 7Th
grade. This means that they have young participants with less experience in giving
feedback than older students. They see this as an opportunity to understand how
the lack of experience in giving feedback through peer review, alters the learning
performance of the students. Through their experiment, they concluded that there
were improvements in learning when using peer review, but their conclusion can
be unreliable due to the lack of controlled testing. The students did the test at
home where the researcher was not able to control if they got help from friends
or family. This decreases the confidence in the findings since they are unable to tell
whether all the results were based on the student’s performance of somebody else.

Thoughts:
While this research shows that feedback from peer review increases learning,

it is difficult to say how well it actually works for these young students, due to the
lack of a controlled environment. A controlled testing environment is important
to achieve good and valid results and will be taken into consideration for the data
collection and analysis of this thesis.

To give is better than to receive: the benefits of peer review to the re-
viewer’s own writing [18]

In this article, the researchers look at the difference between learning and
improving writing skills from the two different roles of peer review. They will
see if one learns more from being a giver than being a receiver of feedback. The
experiment has been done on 91 students from Brigham Young University through
their writing classes. To be able to test their hypothesis that a giver of feedback
learns more than a receiver, they have separated the two roles when it comes to
peer review. This means that the givers will only give feedback, and not receive
any feedback, while the receivers will only receive feedback, and not give any.
All students have been given the same tasks to improve, where the givers will
comment on how to improve the text, while the receivers will improve the text
based on the feedback.

To be able to test the learning outcome, the students get tested both before
and after the experiment to meassure any improvements. Through deep analysis
of the different skills used when writing, the researchers are able to compare the
results of the givers and the receivers. By comparing the outcome, they found that
the givers have a higher learning outcome. They also identified that there are im-
provements in learning outcomes for the receivers as well but to a lesser extent.
Thus, they believe that when the two roles are combined, as it normally is in a
peer review, the learning outcome is even greater.

Thoughts:
The findings are interesting and useful research on peer review. It shows that
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the different roles of peer reviewing can have different impacts on the learning
outcome. Comparing learning outcomes between individual and group peer re-
views, should be looked into, because it can have an impact on findings.

Learning by Reviewing [19]
The researchers wanted to test their hypothesis that ´´students may improve there
own writing skills by engaging in peer review of writing” [19]. They start the
article by summarising existing research on the peer review topic and explain
how their research is different. This is a good approach, giving an overview of
similar research interesting to the reader.

Further on in the article they go into their experiment. They explain how they
have been able to get 61 undergraduate student volunteers from an introduction
level laboratory physics course, 31 girls and 30 boys. During the experiment, the
volunteers were divided into three groups. The first group would rate and give
feedback to their peers, the second group would only give a rating, and the last
group got to read some unrelated texts. Once this was done, all the students were
given the same writing task with a topic unrelated to the topic they had just read.
This allowed the researchers to evaluate the writing improvements in the different
groups. The findings were backing their hypothesis and allowed the researchers
to conclude that their hypothesis, that students may improve their writing skills
by giving feedback in peer review, is true. They also found that gender did not
matter for this outcome.

Thoughts:
While this experiment was successful for this group of students in this partic-

ular course, a bigger study should be conducted to be able to say if the findings
also apply to other students taking other courses. This research supports that peer
reviewing is a great method for learning and evolving better skills.

Evaluation on the Effectiveness of Learning Outcomes from Students’ Per-
spectives [20]

The article looks at students’ perspectives on expected learning outcomes for
courses. The research has been done through a survey where all students parti-
cipating were asked the same questions. The set consists of 185 students, both
boys, and girls, from all years of a engineering program from the University of
Technologies Malaysia.

Through analyzing the data collected, they found that about 60% were con-
fident the learning outcomes were effective, while the rest were either not sure or
did not agree. They did also discover that the students thought the learning out-
come was less effective in the higher level classes. The researchers thought that
this could be because the teachers did not go deep enough into the subjects and
that the students were only taught the minimum. They did not test this hypothesis.

Thoughts:
This research was done well and had a sufficient amount of participants to
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back their conclusions. Still, the researchers should have tested their conclusions
further, or at least mentioned in their article that there should be future research
in this area.

The article is relevant because it shows how they analyze to measure the ef-
fectiveness of learning outcomes. This will be similar to what will be done in this
research, and thus, helpful to look at.

3.2.3 Peer review

A comparison of peer and tutor feedback [21]
In this article, the researchers look at whether there is any difference in receiv-
ing feedback from a teacher as compared to receiving feedback from peers. This
research is based on computer science students completing assignments in an al-
gorithm course. In their test, they do not focus on the effect of doing peer review,
but only on comparing teachers’ versus peers’ feedback. To test their research,
each student has to submit an assignment for the course. The students then have
to do peer reviews on other student’s assignments. In the end, each student will
have received feedback from four of their peers and one feedback from a teacher.

With a deep analysis of the peer’s feedback and the teacher’s feedback, the
researchers found that the teachers gave longer and more technical specific feed-
back, where as the feedback from the students was shorter and more general. The
feedback from the four different peers, in total were more comprehensive than
the feedback from a single teacher. They concluded that the different types of
feedback have different advantages when it comes to improving the assignments.
Even with these differences, there are no major benefits of one over the other, and
they concluded that both kinds of feedback have many of the same benefits.

Thoughts:
This is an interesting research because it shows that receiving enough peer

reviews gives the same benefits as getting feedback from a teacher. From this one
can derive for instance that in big classes use of peer review, instead of feedback
from the teacher, allows for reducing the workload for the teacher while still al-
lowing students to get good feedback and to learn more.

Quality of Peer Assessment in CS1 [22]
In this article the researchers perform a big study on peer review targeted

computer sciences students. They have used 1500 students and received over 10
000 peer reviews. In this study, they want to see whether student reviews are
better than receiving reviews from a teacher. The study covered three courses:
´´Introduction to Engineering Computation and Software Development” in 2007,
´´Principles of Programming” in 2007, and ´´Introduction to Engineering Com-
putation and Software Development” in 2008. In these courses, there were com-
pleted multiple assignments of which some used peer reviews and others used
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teacher feedback as an assessment.
All the results and feedback have been collected and analyzed. They go in

depth on the analysis and how the data were analyzed. They also compare the re-
views from the peer to the reviews from the teachers. To summarize their findings
they found that while a single peer feedback is shorter than a teacher’s feedback,
receiving multiple peer feedback, is as good as one teacher’s feedback.

Thoughts:
This was a well conducted experiment. They have been able to get a large

group of participants, which allows for better analysis and more valid results.
They also refer to related work on the topic and relate that to their own work.
There is a good use of tables and charts, which makes it easier to understand
the data analysis. This research shows that peer review is not just a great method
for learning, but also a great tool for reducing the workload and stress of a teacher.

Incorporating student peer-review into an introduction to engineering
design course [23]

In this article, the researchers look at including peer reviews in an engineering
design course. They look at the possibility of using calibrated peer reviewing(CPR)
as a digital system created for peer reviewing. The work is from 2005 and early
in the process of digital peer reviewing. The researchers want to find out whether
using CPR is actually working, or whether it just ends up being extra work and
few benefits.

The researchers are looking at both the outcome for students and teachers in
this experiment. The testing CPR is done with writing assignments. Through the
testing, they find that there at both good and bad aspects of using it. The bad
part is mostly that it is time consuming both for students and teachers. This is
mainly in their start period. The more the teachers and students use CPR, the less
time consuming it gets since they start to understand how it works, and then be-
nefit more from it. The good aspect of this is that the students are able to learn
more about how to write. Which they learn through reviewing others’ work, and
through applying the reviews they receive on their own work.

Thoughts:
Since this article was focusing on using a peer review system in a student

course, and not so much on researching the peer review methods as such, their
testing of using a new digital peer review system is relevant for the development.
They found that peer reviews can be complicated and time consuming if the sys-
tem is not easy to use. If the system is not easy to use, it will decrease the learning
benefits that come from peer reviewing because the students might end up focus-
ing on the application, rather than the peer reviewing as such. This research has
shown that it is important to focus on user friendly design, which will be import-
ant for the implementation to CSAMS.
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A multi-peer assessment platform for programming language learning:
considering group non-consensus and personal radicalness [2]

In this article, the authors want to find out how students’ learning outcome is
altered from doing a single peer review to doing multi peer reviews. In this case,
single peer review means that a person only does a peer review on one submission,
while multi peer review means that a person peer reviews multiple submissions.
Over a period of two years, they develop a web application to help them test
their hypothesis. The application allows students to deliver their assignments and
then they will automatically be given one to five randomly chosen assignments to
review. For this study, they have focused their testing on programming students,
where the peer reviews will be on individual created programs.

The application has six steps to complete a peer review. Step one: The teacher
creates and publishes a task for the students to do. Step two: A student(the author)
completes the task given and submits his source code to the application. Step
three: Each student(as a reviewer) will receive multiple codes to review and score.
The score and review will be submitted to the application. Step four: The author
receives his code reviews, and must now review both the reviews and scores he
has done. Step five: the author has to revise his code based on the reviews and
submit the new version. Step six: the teacher will overlook and summarize the
task scores.

During their testing, they discovered both some non-consensus and radical-
ness. The main non-consensus where that some of the reviewers did not have
much knowledge of or experience with coding, and ended up not understanding
the code when they were reviewing a more experienced coder’s work. This resul-
ted in wrongly reviewing of the code, giving a bad review and an incorrect score.
To solve the problem they added a feature to their application that would notify
the teacher, and allow the teacher to step in and contribute. Radicalness that was
discovered was students intentionally giving a to good score or a very bad score,
both when reviewing other people’s work and when reviewing their own reviews.
To prevent this, the researchers developed a feature to detect when this occurred
and notify the teacher, so that the teacher could deal with the problem.

The conclusion of their research was that they managed to develop and use a
peer review system that allows for multi-peer reviewing. With the application and
help of surveys, they were able to study whether students learn more from doing
multiple reviews than from only doing one. Through their analysis, they came to
the conclusion that the students learned better doing three to five reviews than
only one. They also concluded that they were able to discover non-consensus and
radicalness, but said that their research on this was simple and would need future
work.

Thoughts:
The research done in this article is relevant to my work in the way that they

research peer review in computer sciences students, even though this research tar-
gets a different area of peer reviewing, the same target group will be used for this
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research. The researchers discovered that there were non-consensus and radical-
ness that needs to be taken into consideration when creating the surveys for my
work. One non-consensus which is impotent to be aware of for this study is that
students can have a lack of experience or knowledge when doing a peer review.
This needs to be taken into account when concluding.

Engagement in peer review, learner-content interaction and learning out-
comes [24]

This is a newer research where the researchers want to look into how the
engagement has an effect on peer reviews. The research is done on a class of
students with 45 students participating in the study. Throughout the course, the
students are made to participate in multiple peer review activities relevant to their
work. The peer reviewing was done through a web based peer review system.
To collect data and analyze the results, the researchers used surveys. The data
collected was then organized and scored after a five-point Likert scale.

The main part of the article is presenting an in depth analysis of the data.
In this way the researchers allow the readers to join the journey of their thought
process. This is a good strategy because it allows others to reproduce the research,
and also for replicating the research on a bigger scale. All these calculations make
the article very technical and heavy to read.

The researchers found that using peer review to learn, was engaging for the
students. Most of the students liked using it. They also discovered that the students
were more engaged in giving peer reviews for others, as compared to receiving
them. The study also shows that students learn more from giving the review.

Thoughts:
From this article, the idea of using a Likert scale for the questions will be ad-

opted for the surveys in my work since a Likert scale can help make the analysis
of the results easier, while it will give more accurate answers. The researchers’
statement about students having higher engagement for giving peer reviews, will
be taken into consideration for this study.

3.3 Summarizing of the literature

In this section, all the articles presented earlier will be summarized. The research
gaps found and how the articles will help for this thesis, will be discussed. Firstly
there will be a summary of each of the three categories before they all come to-
gether in a conclusion. The articles are summarized per category in the tables:
3.1, 3.2 and 3.3.

There are several common findings in the articles in the group related category.
First of all, we may conclude that most students have a good learning outcome
from working in groups. Group work create learning outcome. There are, however,
also problems with group work. Free riders is a problem that both [8] and [10]



Chapter 3: Related Work 22

Table 3.1: Articles in category Group Related

Article Subjects Future work / Gaps

[7]
Group work,
Learning outcome

Negative group dynamics

[8]
Group work,
Free Riders,
Peer assessment

Unfairness by personal
problems

[9]
Group work,
Learning outcome

Consider free riders

[10]
Group work,
Free Riders,
Learning outcome

Test more ways to prevent
free riders

try to solve. While they both found possible solutions, they also mention that this
is a problem that needs more research. From these articles, we acknowledge that
there are gaps in the research of group learning, where one gap is associated with
understanding how to solve or prevent contribution differences whether it is free
riders or other differences found in a group.

From the articles in the learning outcome category, we may conclude that peer
reviews contribute to better learning outcome. There are, however, cases where
this is not true, e.g. in [11] they found that the students not participating in peer
review actually performed better than the ones who did. The reason for this is
that either peer reviews were not used in the right way, or that peer reviews are
not the best tool for every learning situation.

In [12] the researcher tried using peer reviews as a tool for the students to
help them learn more about the topic that other student groups were working on.
During this experiment, it was discovered that while they learned more about the
other topics. The students also discovered new methods and approaches to the
task at hand which they were able to reuse for improving their own work. This
research shows that there are multiple ways of using peer review for learning
outcome. Both [18] and [19] look into the differences in learning outcome when
it comes to the different roles in peer reviews. They use different approaches and
tests to test their hypothesis, but still, both end up showing that students learn
more from reviewing than receiving.

When looking for gaps between these articles, no big gaps can be found. There
are, however, a few smaller gaps, which are: More qualitative studies on roles in
peer review, making peer review efficient, and looking into the difference between
anonymous and non-anonymous peer reviews.

In the category Peer review, the articles look into how to perform peer review
and the quality of feedback created through peer reviewing. Both [21] and [22]
compare the quality of the feedback from students through peer review with the
quality of the feedback received from a teacher. They have different approaches
and methods for testing the same problem, but both end up with the same con-
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Table 3.2: Articles in category Learning Outcome

Article Subjects Future work / Gaps

[11]
Learning outcome,
Peer review

Anonymous peer review,
test other courses

[12]
Learning outcome,
Peer review

More research using peer
review to learn new topics

[13]
Learning outcome,
Peer review

Efficient peer review

[14]
Learning outcome,
Self discipline,
E-learning

Self discipline in group
work

[15] Learning outcome
Why students review peers
different from own work

[16] Learning outcome
Compare roles assessors vs
assessee in peer review

[17]
Learning outcome,
Peer review

More advanced peer review,
controlled environment

[18]
Learning outcome,
Peer review,
Roles

More qualitative study

[19]
Learning outcome,
Peer review,
Roles

Compare with receiving
role

[20] Learning outcome
Difference between course
learning outcome and ac-
tual learning outcome

clusion. They both found that receiving several feedback through peer reviews is
equally good as receiving one feedback from a teacher. A gap in these articles is
that they do not cover if one gets a different outcome if one student receives either
only bad or only good feedback.

In [23] the researchers look into the usability of a digital peer review system.
Even if this is an old study from 2005 when the use of computers was very different
from today, the research emphasizes how important usability is, and how it can
affect the efficiency of peer reviews. Having a system with poor usability can end
up decreasing the positive effects of doing peer reviews, due to all the energy that
goes into trying to use the system instead of the peer review itself.

Gaps found in this category will be a lack of comparing bad versus good feed-
back, and to prevent the problems created when people lack the knowledge to be
able to give a good feedback.
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Table 3.3: Articles in category Peer review

Article Subjects Future work / Gaps

[21]
Peer review,
Feedback

Test more on number of
review feedback needed to
beat teachers feedback

[22]
Peer review,
Feedback

Look more into bad versus
good feedback

[23]
Peer review,
Application

Need updated research for
this digital era

[2]
Peer review,
Application

More research on non-
consensus and radicalness

[24] Peer review
Look into impact of indi-
vidual differences

3.3.1 Conclusion of literature review

While there are gaps in these three categories, there are also gaps between them.
One gap is the lack of comparing the differences in learning outcome when using
peer reviews on an individual assignment versus on a group assignment. There
has already been established that both result in increased learning outcome, but
not which one is better. Through the research question, the goal is to make this
gap a little smaller. As mentioned earlier there are other gaps, but it is not possible
to close them all at once. Therefore the main focus has been on the gap between
individual and group peer reviews.

The knowledge gained through this review and the discovery of the gaps, will
be used both for the development needed to test the research questions and for
the surveys to collect data. Both free riders and usability will be a focus during
the development.

The following chapter will go over the methods used in this thesis.
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Methodology

The methodology chapter will cover the steps done to be able to answer all the
research questions. The different methods are presented in the order they have
been completed during the thesis. The different methods are: Research, Planning
the development, Implementation, Integration, Production, and Surveys.

Several of the methods in this thesis are based on the work done in the courses
Advanced Project Work - IMT4894 and Research Project Planning - MACS4000,
which were held in the fall semester of 2022.

The research section is about the research conducted to be able to plan and
guide the thesis, and also helping to answer the research questions. Planning of
development, implementation, integration, and production are all sections related
to the development of CSAMS. These sections cover the steps taken to create
group management functionality in CSAMS. The group management functionality
was essential to be able to collect data for the research questions. To collect the
data for analyzing and answering the research questions, two surveys have been
conducted. The creation of these surveys is described in the survey section. The
different methods are prensentet in this order, is because they are dependent on
each other in the way that it would be hard to complete the methods in any other
order.

Examples of the methods relying on each other: The development process is
based on knowledge obtained from the research e.g. developing the group man-
agement functionality to try to prevent free riders in groups. This challenge was
first identified in the literature review. Another example is that the surveys are
designed to answer the research questions using the knowledge obtained from
both research and development.

By completing all of these tasks, the goal was to respond to the research ques-
tions. Each method giving its contribution to finding the results.

4.1 Research

During this thesis, two types of research have been conducted. First, the literat-
ure review was discussed in Chapter 3. Through the literature review knowledge

25
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was obtained about existing research on peer review. The review allowed for pre-
venting duplication of existing research, and also help answering the research
questions. The literature review done in this chapter was a systematic literature
review.

The second type of research was the research on the application CSAMS. This
was done to get a better understanding of the system and will be discussed in the
next section Planning the development.

4.2 Planning the development

The section goes into the process of planning and designing the development of
the group functionality added to CSAMS.

4.2.1 Researching CSAMS

First of all, CSAMS is a web application system. To be able to do any development
to CSAMS, a better understanding of the system was needed. Acquiring more
knowledge about the system was done by setting up and deploying CSAMS to a
local computer. This allowed for testing of the system and, thus, gaining know-
ledge of how it worked. During the testing, a better understanding of how the
application was working, both from a student’s perspective and from a teacher-
/admin perspective, was gained. Having better understood the system, recogniz-
ing and planning for what needed to be developed, and how to integrate it into
the system, was now achievable. The step also allowed for seeing how the code
structure was built.

Further on in this section the planning of the frontend and database changes
will be described, starting with the frontend.

4.2.2 Frontend

During researching the CSAMS application, three pages i.e. screens were dis-
covered and assigned as the most important changes needed to be done to the
frontend. The pages were newAssignmentPage see figure: 4.1, adminGroupPage
see figure: 4.2 and showGroupPage see figure: 4.3. All these three pages were
planned and iteratively designed using Figma[25].

With the first draft designs, it would be easier to implement the pages later
since most of the designs had already been planned. This being just a first draft,
the end result might end up looking a bit different.

4.2.3 Database

To be able to start on the development, the database needed a revision. To be
able to support the new features which are dependent on a database capable of
storing the relevant information supporting group management, the database was
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Figure 4.1: First iteration of design for the create a new assignment page, an
admin page
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Figure 4.2: First iteration of design for the admin group overview page, an admin
page
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Figure 4.3: First iteration of design for the student group page, a student page

revised accordingly. In order to revise the database with the new modifications, an
understanding of its structure was needed. Due to the lack of any documentation
of the database (e.g., diagram), documentation needed to be written. To achieve
this, the SQL file from the code was used, as was Adminer[26] to visualize the
database. The new diagram can be found in Figure 4.4.

With the information gathered through the recreation of the database dia-
gram, a basis for revision was established. Making the structure capable of sup-
porting the upcoming group management functionality, several data classes were
added and updated to support the new relations. The following classes were up-
dated with new data fields: assignments, user_submissions, assignments_groups.
The new classes added to the structure were: group_vote and voters. Due to the
existence of the classes: assignments_groups and assignments_group_members,
few new classes were needed. The revised database can be seen in Figure 4.5.

The tool used to create the diagrams was Drawio[27], which is a web based
drawing tool that allows users to create different kinds of diagrams.

4.3 Implementation

The implementation consisted of three parts: frontend, backend, and database.
The first step of the implementation was to update the SQL database file based
on the new database diagram. Once updated the system needed a redeployment
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Figure 4.4: Database diagram of the old database structure

to allow the database to work with the changes. The system was then ready for
development of frontend and backend.

The next step was to implement the code for both backend and frontend. The
structure of the implementation was the order of the pages, and one page would
be completely built frontend to backend before moving on to the next.

The rest of this section is divided into two subsections, one for the backend
and one for the frontend. They tell about the implementation that was done. First
out is the implementation done in the backend.

4.3.1 Backend

The backend needed to be updated to work with the changes in the database,
meaning that the structs for the classes needed to be updated accordingly. This
was done by adding the new data fields to the structs. Once this was done the
functions using and handling data from this class, needed to be updated to use
the new data fields and prevent errors from occurring due to missing the new data
fields.

The next step was to create all the functionality that was needed, for the group
functionality. The functions were developed when needed which allowed for fo-
cusing the development on one page, and its functionality, at a time. When cre-
ating the needed functionality, several steps were followed. Since the application
code was divided into three groups: controller, service, and repository, it was im-
portant to keep following the same structure throughout, to maintain the readab-
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Figure 4.5: Database diagram of the new revision database structure

ility and usability of the code. Figure 4.6 shows an illustration of the CSAMS code
structure.

In the backend the controllers were the functions that connected directly to
the frontend. Every functionality for a page was created here. Each function was
set up with its own endpoint that could be called from the frontend. All endpoints
were set up in a http.Handler function called Routes. For the controller to be able
to collect, alter or add data to the database, one of the services had to be called.
There are multiple services, each service corresponds to one repository. It is the
service’s task to talk to the repository and send its data to the controller. A service
contains multiple functions that can be accessed from the controller. The objective
of these functions is to add, get or alter data, based on the parameters received
from the controller. The operations can be as simple as passing data back and
forth to a function in the repository, to do multiple operations and calling mul-
tiple functions in the repository, and then return a response to the controller. It
is the repository’s responsibility to handle all operations talking to the database.
Each repository corresponds to one table in the database. In a repository file, each
function has its own purpose to manipulate the table. The purpose can be anything
from inserting, retrieving, updating, and deleting data in the database. Depend-
ing on what is needed for the specific table, a repository can have a few or many
different functions. Thus, when creating new functionalities in the controller, new
functions often had to be created in both the corresponding service and repository
to be able to fulfill the functionality.

To be able to access the new functions created, the route file had to be updated.
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Figure 4.6: Illustration of the code structure to CSAMS

The Routes file is the system handler. In this file, all controller functions are linked
by being assigned to an endpoint accessing it. Depending on the functionality, the
function has an endpoint assigned by a GET, POST, or DELETE method.

4.3.2 Frontend

Developing the new pages for the frontend, was done in stages. The stages focused
on one page at a time such that the implementation of both fronted and backend
would be completed for one page, before moving on to the next one. The original
plan was to create and develop all functionality in the backend first, and then
create the frontend. When starting on this approach, it was soon realized that
it might be easier to develop the frontend first, and then create the code and
functions in the backend as needed. The reason was that this was an addition to
a large existing backend code base.

When building the new pages, the first draft designs created earlier were used.
While trying to follow the designs, there were also changes made to make sure
that the new pages had the same design and style as the rest of the system. With
this in mind, there ended up being some changes to the end results. The end result
can be found in figures 4.7, 4.8, 4.9 and 4.10.

In figure 4.7 you can see the ‘user join a group page’. This page allows the users
to see all groups they can join. Here they get an overview with general information
about each group. They can see the group name, how many members there are
in the group, if the group is open or closed, and a button to join the group. If the
group were to be closed or full, the join button will be disabled and the user will
not be able to join the group. A user can also create a new group by pressing the
button ‘Create new’. This button can be disabled by the teacher when he sets up
the assignments.
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Figure 4.7: End result of the student join a group page, a student page
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Figure 4.8 shows the user group page. A student will only be able to see
this page once they have joined a group. On this page, the student gets an over-
view of their group. Here they can see the group name, total of group members,
open/closed status of the group, and they can see all the group members. On this
page the students have multiple options, first they can leave the group by pressing
leave group. If this button is pressed, the student will get a warning asking them
to confirm their choice. The other options are two types of voting systems. The
first vote allows the user to vote for removing a member, while the second vote
allows the user to vote to close the group. These voting systems have been built
to create democracy in the group and reduce the amount of work a teacher has
to do to administrate the groups. To be able to close the group and prevent more
students from joining, the whole group has to vote to close it. There needs to be
a minimum of two students in the group to be able to close it. Once the group
is closed, the vote will be updated to allow the users to vote to open the group
again. This works in the same way as closing it.

With the ability to remove members from the group, the group gets the power
to remove free riders from the group without involving the teacher. To be able
to remove a member from the group, the whole group has to vote to remove the
same member. A member will at all times be able to withdraw their vote if they
were to reevaluate their choice. Once the deadline for delivering has passed, the
voting system will be disabled, to prevent people from being removed from the
group after delivery.

Figure 4.9 shows the ‘create a new assignment page’, which is an admin page.
This page was already existing but has been upgraded to allow for creating a
group assignment. To access the options for a group submission, the teacher has
to click on the button that turns on group submission. Once this is turned on,
the different options for group submissions will appear. Here the teacher has to
select several options to be able to create the submission. The teacher has to set
the minimum and maximum of members of a group and set a deadline for joining
a group. There are also two optional settings for more customization. The first
option allows the teacher to predefine a set of groups that students can join. The
teacher can generate as many groups as wanted. There is an optional setting that
allows the teacher to activate the functionality for students to manage groups on
their own. By default, this option is turned off, which means that students can´t
create groups.

Lastly, 4.10 shows the ’admin group overview’ page. On this page, the teacher
has full access and an overview of all groups and students. Here the teacher can
see a table that shows all existing groups with the following information: groupID,
group name, total members in the group, whether the group is open or closed, and
the name of each member in the group. In this table, the teacher is able to remove
a student from a group and delete a group. Both empty and non-empty groups can
be deleted. If a group with members is deleted, the members are automatically
removed from the group before deleting it. To the bottom left of this page, there is
a table that shows all students that are currently not in a group. Here the teacher
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Figure 4.8: End result of the student group page, a student page

can see the students’ names and has the option to add individual students to a
group. Adding a student only requires the corresponding groupID. To the bottom
right the teacher has the opportunity to create a new empty group, the teacher
only needs to define a group name.

These four pages have been the ones with the most substantial updates in the
system and are the most important pages to this system upgrade. There have,
however, been smaller updates and changes to several other pages in this system
for them to work with the new group functionality.

4.4 Integration

The integration of the development was important to make sure the system was
up and running, ready to use, and working as it was supposed to especially since it
would be used in a production setting in a classroom. There were a few important
considerations needed to be able to integrate the system into the master branch.
First of all, the master branch had to be up and running with the new features
before the end of February since it would be used from the beginning of March.
Secondly, there was another master’s student working on the same application,
but he was working on another part of the system. Thirdly, the deployment re-
quired setting up an instance on Skyhigh to run a server hosting the application.
Skyhigh[28] is NTNU Gjøvik’s own internal version of OpenStack[29].
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Figure 4.9: End result of the create a new assignment page, an admin page
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Figure 4.10: End result of the admin group overview page, an admin page

After finishing the development of the group management functionality, it was
time to push the code into the master branch. The group feature was developed
in a branch of the master branch, and had, thus, all the existing code. There-
fore, when it was time to merge it, there were no conflicts since there had been
no changes to the master branch during this development. The potential prob-
lem was that the other master’s student also worked on the application, and he
also branched out from the master branch. To try and reduce the merge conflict
probability, the group management functionality was merged first into the master.
This was because this feature had the most changes to the database, and it was
completed first. Another factor was the limited time left before the system needed
to be up and running. Since the other master’s student was not finished with his
code before we needed the system, it was necessary to include his changes in the
database and then add the rest of his code later when it was ready. The system can
not accept changes to the database once it is in production (or require additional
migration scripts to adjust the database schema while preserving existing data).
This was deemed an unnecessary and avoidable risk, given the production use of
the system.

To make the system available and accessible for the students and the teachers,
a production server was set up in SkyHigh. Through a discussion with my super-
visor (the teacher for the Cloud course in which CSAMS was primarily used), it
was concluded that two servers were needed for running CSAMS. One instance
was used for production, which is the one that will be used in the course, and
one for testing code prior to entering production. The test server was accessible
to the teacher, the teaching assistants, and myself. This server allows for testing
of potential fixes and updates needed in the production system. Fixes could be
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reviewed and verified, before deploying them in the production environment.
The production server is the one that was going to be used in the Cloud course.

Since I was setting up the server, it was my responsibility to add the teacher to
the system and give him admin rights. Once the teacher was accepted into the
system, he could add his teaching assistants, the students in his course and create
the assignment they were supposed to deliver in the system.

4.5 Production

Being the production owner came with a lot of extra responsibilities such as mak-
ing sure the server was up and running, fixing any bugs, and keeping it secure.
During the production, there were several bugs appearing. Some of them were
from the old code and some from the new features. Luckily, none of them were
critical and needed immediate attention (or led to any data loss). Although they
did not need immediate attention, the goal was to address the bugs relatively
quickly after discovering them, with the intent to harden the system further.

At one point in the middle of March, all of a sudden a critical and time sensitive
problem materialized. All the students had gained access to selected admin pages
in the system and notified us. Given the students’ access to data that they were
not supposed to see, this emergency needed immediate action. The first cause of
action was to take the server offline to prevent the students from exploiting the
weakness. The second step was to find and fix the problem causing the students to
get elevated privileges. This was a problem that took several hours to solve. The
problem was that the function checking for if a user is an admin in the sessions
had been altered. It was supposed to check if a user was both logged in and had
admin rights, but it was now checking whether a user was logged in or had admin
users. This meant that all users now had admin rights. Once the problem was
identified, it was easy to find out how this had happened. Earlier that week a
maintainer of the system had tried to clean up and remove old branches in the
repository, and at some point during merging the breaches back into the master
branch, this function had been altered without anybody noticing it. This massive
branch merging had also altered a few other functions, creating a few other bugs
in the system, all of which were addressed. To take an extra security precaution
before giving the students access to the system again, the decision of creating a
new server was made, to make sure there were no hidden exploits in the system.
To set up a new server a new instance in OpenStack needed to be created, and
then the application needed to be set up from scratch. Once the application was
set up, the data in the database from the old production need to be exported
and then imported to the new production server. When the system was ready,
the last thing to do was to make the system available again (i.e. assigning the
previous IP address to the new production server), so that the students were able
to access and use the system again. No data was lost in the process, however,
it highlighted the challenges of running a production environment while having
ongoing development by different contributors.
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4.6 Surveys

This section will cover how the surveys were designed and the tools used. Due to
the strict rules of data handling Nettskjema [30]was used to create the survey and
deliver it to the students participating. Before creating the surveys in Nettskjema,
the questions needed had to be made.

Further on in this section the process of creating the survey will be described.
First to be described is the first survey, this one was for the individual assignment.
Lastly is the second survey, this one was for the group assignment.

4.6.1 First survey

The process of finding relevant questions measuring learning outcome from peer
review, and using a five point Likert scale, was soon discovered to be a hard pro-
cess. Trying to come up with relevant and precise questions by myself, was a hard
task. Thus, there was a need for help on this task, and the process of looking for
what tools and persons could help on this subject started. The first thought was to
ask the supervisors for help during our meetings. However, at the same time, the
AI tool ChatGPT [31] appeared, and raising the idea of whether it would generate
good and useful questions for this survey.

To find this out ChatGPT was asked to create questions to measure learning
outcome on coding assignments with peer reviewing. The responses given were
useful, and it generated well formulated questions that had a three point Likert
scale answers. ChatGPT only created six questions at a time, the process was re-
peated to generate more questions with different focus until it had generated 60
different questions. The questions created from ChatGPT were then copied and
added to the list of questions already made. In total the list of questions had now
passed 80 and was used as the first draft. The first draft can be found in the ap-
pendix under “First draft of survey questions for individual assignment”.

With the first draft in place, it was time to go through all the questions and
find the ones that were going to be used. This was an iterative process. For the
first iteration, all the questions were reviewed, and the questions that were not
relevant were discarded. I quickly decided to focus on the questions created from
ChatGPT since they were more relevant and better formulated than the self made
ones. The discarded questions were divided into two groups, one was the ’not rel-
evant’ ones and the other was the ’maybe relevant’ ones. After discarding those
questions, there were 41 questions left. In the next iteration, overlapping and sim-
ilar questions which would collect the same or very similar data, were assessed.
Here ChatGPT was used again, this time all 41 questions were sent to ChatGPT,
and asked for it to find the questions that were overlapping or similar to each
other. It responded with which questions were overlapping. In the response, the
questions were highlighted in the same color as the questions they were overlap-
ping. Once all questions were given a color, they were grouped together by color
to easier compare them. The next iteration was to find which one of the over-
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lapping questions, was better to use and by that reduce the number of questions
again.

Between each iteration, meetings with the supervisors were held to discuss
the questions. These meetings helped to reduce the number of questions. As well
as altering the questions to become better. These meetings were also important
for getting others’ opinions. Due to the fact that the supervisors have been using
peer review for their courses for several years, they have more experience and
expertise on the subject, and they know better how students respond to surveys.

After this reduction of questions was done, 16 questions were left. 16 questions
were considered a good amount for the survey, given that it was short enough for
the students to be willing to complete. Still, it also had enough questions to be
able to collect the data needed for the research. To make these questions even
better and more precise the three point Likert scale answers were upgraded to a
five point Likert scale answer. With a range of five answers, the data collected will
be more precise. Lastly, some of the questions were rephrased to be more accurate
and easier to understand. With this, the final version of the individual assignment
questionnaire was finalized and then set up in Nettskjema to be sent out to the
students. The final version for the individual assignment survey can be found in
the appendix under “Final version of survey questions for individual assignment”

4.6.2 Second survey

For the second survey, the questions needed to be altered to take into account
the differences for a group work assignment. The questions needed to collect the
same data, but they had to take group work into consideration. The questions
were rephrased to ask about the groups’ code instead of the persons’ code. There
was also a need, to ask questions more specific to the group work itself, and thus
a few more questions were added to the survey. To ease the analysis later the
new questions were added at the end of the survey. In that way, the same order
was kept for the existing questions, which would ease the comparison of the two
surveys. To finalize these questions, a meeting was held with the supervisors to
go through and discuss them. The final version of the group assignment survey
can be found in the appendix under “Final version of survey questions for group
assignment”

In the next chapter, all results collected through these surveys will be analyzed.
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Results

This chapter will focus on how the data is collected, analyzed, and compared.
Each survey will be analyzed separately before comparing them.

This chapter is divided into four sections. The first section is ‘Data collection’
this one will go over how the data was collected. The second section is ‘Individual
assignment’ and will analyze the data collected with the survey for the individual
assignment. The third section is ‘Group assignment’ and will analyze the data
collected with the survey for the group assignment. The final section is ‘Comparing
both assignments’ and will compare the results from both assignments.

5.1 Data collection

The data collection worked the same way for both surveys, and relies on Nett-
skjema[30] for survey design and collection. To be able to start collecting data
through Nettskjema, the survey first needed to be opened. Once it was opened
the system created an URL to access the survey as a participant. This URL was
then sent to the teacher who shared it with the students. The survey was not com-
pulsory for the students, but they were encouraged to participate as a reflection
on their use of the system and the impact of peer review more generally.

Once a student submitted a survey response, the data was collected and saved
in the system. Nettskjema allows for seeing the current status of the survey. At the
end of the survey, all the data collected was downloaded as an Excel file which was
then used to analyze the results. This will be discussed in the upcoming sections.

One problem during the data collection, was to get students to participate in
the survey. This was difficult when it was not compulsory for their course. Thus,
the number of participants was lower than hoped for, but it was still enough to
be able to analyze the data, with a participation level close to 20 percent for both
surveys.

41
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5.2 Individual assignment

In the individual assignment, there were 87 students that submitted the assign-
ment. Of them, 17 submitted to the survey for the individual assignment. In this
section, the results from this survey will be analyzed. First of all, in this assign-
ment, each student got the same task. They were going to create a “REST web
application in Golang that provides the client to retrieve information about uni-
versities” [32]. For more information about the overview of the individual assign-
ment, see “Overview of assignment 1” in the appendix. Once the students had
finished their task, they had to deliver it in CSAMS. Once the deadline for the
assignment passed, the peer review stage would open, and allow the students to
review other students’ tasks. Here each student was required to perform at least
two reviews. When the deadline for the peer review passed, the survey for the
individual assignment was sent out to the students. It was distributed to the stu-
dents during class and in the course forum, and students were reminded about it
several times in the hope of getting more participants.

The data collected from the survey was both collected answers to the questions
given, as well as extra comments from the students. For each question, students
were allowed to provide extra comments on the answer if they wanted. Several
students gave extra comments, which helped to clarify their answers further.

At this stage, the results from this survey will be analyzed. First, the results
from the questions will be analyzed, then the comments will be taken into the
analysis.

All data collected through the survey can be found in the appendix under
“Results and comments from survey 1”

5.2.1 Overview of the questions given to the students in the indi-
vidual survey

All questions have a five-point Likert scale answer.

• Question 1: What is your previous experience with peer review?
• Question 2: How effective was the peer review to reflect on the overall qual-

ity of the assignment submission?
• Question 3: To what extent did you understand the code you were review-

ing?
• Question 4: How helpful was the feedback received from your peers in terms

of learning new programming skills?
• Question 5: To what extent did you learn new programming concepts and

techniques while reviewing the code of your peers?
• Question 6: How helpful was the feedback received from your peers in terms

of identifying and fixing errors in your code?
• Question 7: How helpful were the explanations provided in the feedback

you received, in terms of clarifying the reasoning behind the suggestions
and comments on your code?
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• Question 8: Did knowing about participating in peer review increase your
engagement with the assignment?
• Question 9: How much time did you spend reviewing the code of your peers?
• Question 10: To what extent did the peer review process improve your crit-

ical thinking?
• Question 11: To what extent did you benefit from the peer review process

in terms of your professional growth?
• Question 12: How much did you agree with the feedback received from your

peers during the review process?
• Question 13: How confident did you feel in providing constructive feedback

and suggestions to your peers during the review process?
• Question 14: How much did you feel that the peer review process helped

you improve your communication skills in explaining technical concepts and
making suggestions?
• Question 15: Was the peer review process a fair way of evaluating your code

and the code of your peers?
• Question 16: How much did you feel that the peer review process helped

you improve your ability to debug code and identify errors?

5.2.2 Analysis of data

First of all, it is smart to establish the students’ experience with peer review before
this assignment. This can be done by looking at the first question of the survey.
The first question was “What is your previous experience with peer review?” and
the results can be seen in figure 5.1. Looking at the graph it is easy to see that
47% of the students have never had any experience with peer reviews, or just
heard about it. While 53% have participated in peer reviews before. Looking just
at the students who have participated in peer review before 66.7% (This is 35.3%
of all the participants of the survey) have participated in peer review more than
3 times. With only 5.9% having done one peer review before, the students can
then be divided into two groups. The first group is the students with no or little
experience with peer review which equals 52.9% of the participants. The second
group would be the students with some or a lot of experience which equals 46.3%
of the participants.

Looking at the extra comments to this question, some of the students have
elaborated on where their earlier experience with peer review comes from. Some
of the comments say “Have had peer reviews in Advanced Programming, Data-
bases, and taken Cloud once before.”, “Done something similar in other subjects,
but nothing at this scale.” and “Mostly from this course before and PROG2006”.
Looking at these comments one can see that some of the students have their ex-
perience from other courses and from retaking this course. It is possible to assume
that this most likely is the same case for the other ones with earlier experience.

Further on in this analysis, the rest of the questions will be grouped together
in categories based on their similarity. They are grouped into the following cat-
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ence at all
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4 (23.5%)

4 (23.5%)

Figure 5.1: Survey 1 - Question 1: What is your previous experience with peer
review?

egories: General aspects of peer review, Reviewing of peers, and Receiving feedback.

General aspects of peer review:
The questions in this category are the questions that cover the general aspects of
peer review, namely questions 2, 8, 9, and 15.

In question 2 the goal was to measure the effectiveness of using peer review to
reflect on the overall quality of the submission from the five answer options: Not
effective at all - 0(0.0%), Slightly effective - 3 (17.6%), Moderately effective -
6 (35.3%), Very effective - 6 (35.3%), Extremely effective - 2 (11.8%). Looking
at the results, the students found the overall effectiveness to be moderate to very
effective. The comments received on this question introduces some explanations
to the answers. All students who answered ‘slightly effective’ commented on this
answer. The similarities found in their comments were that they found the feed-
back they had received to be badly executed. Looking at the comments from the
students answering on higher effectiveness of the scale, there also seems to be
a lack of good feedback. They found, however, that reviewing others’ tasks was
helpful. Some of the students found the feedback to be very helpful.

Question 8 tries to find out if the students’ engagement with the assignment
increased when they knew about participating in peer review afterward. Based on
the answer options, the answers received were: Did not increase engagement
at all - 5 (29.4%), Slightly increase engagement - 5 (29.4%), Moderately in-
crease engagement - 6 (35.3%), Very much increase engagement - 1 (5.9%),
Greatly increase engagement - 0 (0.0%). Analyzing the results and the com-
ments received, it looks like the increase in engagement was based on whether
the student cared about if other students reviewed their assignment or not. Most
of the comments to this question came from the students who answered that it
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‘did not increase their engagement’. And these students all said that they did not
care if someone, other than the teacher, reviewed their code. While the other com-
ments show that some tried to make their code more readable, some increased
engagement simply because it was mandatory. Some had misunderstood the ques-
tion. To conclude, it does not look like students increase their engagement in the
assignment even if they know that peer review is a part of it.

0 1 2 3 4 5 6 7 8 9

More than 3 hours

2 hours to 3 hours

1 hour to 2 hours

30 minutes
to 1 hour

Less than
30 minutes

4 (23.5%)

2 (11.8%)

7 (41.2%)

4 (23.5%)

0 (0.0%)

Figure 5.2: Survey 1 - Question 9: How much time did you spend reviewing the
code of your peers?

The goal of question 9 was to establish how much time the students have used
on reviewing the other students. The results received here can be seen in figure
5.2. The comments indicate that the question was lacking clarification because
students have interpreted the question differently. They have either interpreted
the question as if it was asking for the time used per review they completed, or as
if it was asking for the total time they used. Luckily, many clarified this through
their comments. Based on the comment most of the students who answered either
‘2 hours to 3 hours’ or ‘more than 3 hours’, had answered the total time, and had
used around one hour per review. While some of the students who answered a
lower time, said that this was the time they had used per review. Based on this, and
that each student was only required to complete two peer reviews, it is possible
to assume that the average time used per peer review was one to two hours.

With question 15 the goal was to find out if the students thought that the peer
review process was a fair way of evaluating their and their peers’ code. These were
the answers collected for this question: Not at all fair - 2 (11.8%), Slightly fair
- 3 (17.6%), Moderately fair - 5 (29.4%), Very fair - 5 (29.4%), Extremely fair
- 2 (11.8%). Based on these answers, most students found it to be moderate to
very fair to use peer review for evaluation. The comments indicate that students
who did not find it fair, were afraid that their course grades would be based on
the feedback, and the experience of receiving poor feedback from their reviewers.
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In the Cloud course, this is not a problem since peer review is used for learning,
and the students’ grades are not based on the feedback they receive.

From the students’ responses, the peer review process seemed to be moder-
ate to very effective both when it comes to reflecting on the overall quality and
evaluating their code. The increase in engagement in knowing about participating
in peer review varied. It looks like most students still used one to two hours for
giving a review to their peers.

Reviewing of peers:
The questions found in this category are the ones focusing on the reviews the
students completed, namely questions 3, 5, 10, 11, 13, 14, and 16.

In question 3 the goal was to find out how much the students understood
of the code they were reviewing. For this question the following answers were
received: Did not understand anything - 0 (0.0%), Understand very little -
1 (5.9%), Understand a moderate amount - 2 (11.8%), Understand a lot -
10 (58.8%), Understand completely - 4 (23.5%). From these results, it is clear
that the students understood most of what they reviewed. With a total of 58.8%
saying they ‘understand a lot’ and 23.5% saying they ‘understand completely’.
The comments to this question are mostly on students further explaining their
answers.

With question 5 the goal was to find to what extent the students learned new
programming concepts and techniques from reviewing their peers. To this ques-
tion the following answers were collected: Did not learn anything - 3 (17.6%),
Learned very little - 7 (41.2%), Learned a moderate amount - 7 (41.2%),
Learned a lot - 0 (0.0%), Learned a great deal - 0 (0.0%). The results indic-
ate that most students learned a little to a moderate amount of new concepts and
techniques, while some did not learn anything new. Looking at the comments,
some of the students have explained that they learned a few new techniques and
approaches to the problem. There were also comments about reviewing other stu-
dents’ assignments that were solved in the same way as they had done themselves,
and, thus, they did not learn anything new.

The goal of question 10 was to find out to what extent the peer review pro-
cess improves the students’ critical thinking. For this question the following an-
swers were collected: Did not improve at all - 4 (23.5%), Slightly improved
- 4 (23.5%), Moderately improved - 7 (41.2%), Improved a lot - 2 (11.8%),
Improved significantly - 0 (0.0%). Analyzing these results, it is clear that peer
review improves most students’ critical thinking slightly to a moderate amount.
There are some exceptions where students did not learn anything or learned a lot.
Looking at the few comments to this question, the reason for this comes from the
difference in skill level and effort put into the review.

Question 11 tries to measure to what extent a students’ professional growth
benefits from the peer review process. The results from this question can be seen
in figure 5.3. There were very few comments for this question, and, thus, they
do not provide much clarification. The results indicate that most students have
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Figure 5.3: Survey 1 - Question 11: To what extent did you benefit from the peer
review process in terms of your professional growth?

professional growth to a degree. Seeing that 35.3% ‘benefited a lot’ while 29.4%
‘slightly benefited’ and 17.6% ‘moderately benefited’, it is possible to say that the
degree to which a student benefits from professional growth varies from student
to student. Based on the results of the earlier questions, this most likely is due to
differences in skill level. Assuming that the students with lower skill level benefits
more than a student with a higher skill level.

For question 13 the goal was to find out how confident the students were in
giving constructive feedback and suggestions while reviewing. The answers col-
lected to for this question was: Not confident at all - 2 (11.8%), Slightly confid-
ent - 1 (5.9%), Moderately confident - 5 (29.4%), Very confident - 6 (35.3%),
Extremely confident - 3 (17.6%). Analyzing these results, one can quickly see
that most students felt confident in giving feedback. The majority of the student
found themselves to be moderate to very confident. Looking into the comments
collected for this question, one can see that the ones answering ‘not confident at
all’ or ‘slightly confident’, either commented that they felt underqualified to give
feedback due to being a lower-performing student, or that this was their first time
doing a peer review and they did not know how to execute it. When looking at the
comment of the more confident students, several of them state that they believe
they gave good and helpful feedback. Some of them also stated that they felt even
more confident in the second review they executed.

In question 14 the goal was to find out how the students felt the peer review
process helped improve their communications skills when it comes to explaining
technical concepts and making suggestions. For this question these answers were
collected: Did not help at all - 2 (11.8%), Slightly helped - 8 (47.0%), Mod-
erately helped - 5 (29.4%), Very much helped - 1 (5.9%), Extremely helpful
- 1 (5.9%). Analyzing the results, it is clear that most students did not feel they
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improved their communication skills very much. With 47.0% answering ‘slightly
helped’ and 11.8% answering ‘did not help at all’, that is 58.8% feeling they did
improve a little to noting on their communication skills. 29.4% answered ‘mod-
erately helped’, which means that very few found that their communication skill
improved more than a moderate amount. For this question, there were very few
comments, Which did not have much basis for further analysis.

The goal of question 16 was to find out if the peer review process helped
students to improve their ability to debug code and identify errors. The answers
collected for this question were: Did not help at all - 4 (23.5%), Slightly helped
- 5 (29.4%), Moderately helped - 4 (23.5%), Very much helped - 4 (23.5%), Ex-
tremely helpful - 0 (0.0%). For the first time, the answers are equally distributed.
Comparing the result with the few comments for this question, it looks like this
is a question based on experience with debugging from before. The students that
already have much experience in debugging, said that they did not learn much,
while the students with less or no experience said they learned a lot. Based on
that, some of the earlier results were affected by skill level and the few comments
on this question. One can assume that for most students the degree to which they
improved their debugging skills, was affected by their existing knowledge.

Throughout the questions related to reviewing other students, one factor found
in most of the questions that affect the results is skill level. Both the skill level of
the student reviewing and the quality of the code the student reviews, affect how
much the student learns from reviewing. The way CSAMS is built now is that a
student receives a random assignment to review. This means that they can either
get an assignment completed by a higher-performing student, a same-level per-
forming student, or a lower-level performing student. Only reviewing lower-level
students might limit the learning outcome, since the student reviewing might not
learn any new skills and techniques which they could have done by reviewing
higher-performing students.

Receiving feedback:
In this category, the questions here are the ones with a focus on the feedback,
namely questions 4, 6, 7, and 12.

In question 4 the goal was to find out how helpful the feedback received was to
learn new programming skills. The answers received her was: Not helpful at all -
2 (11.8%), Slightly helpful - 10 (58.8%), Moderately helpful - 4 (23.5%), Very
helpful - 1 (5.9%), Extremely helpful - 0 (0.0%). With 58.8% answering ‘slightly
helpful’ and 11.8% answering ‘not helpful at all’. It is clear that a majority of the
students did not find the feedback to be any helpful in learning new programming
skills. All comments received on this question are from the students who answered
‘slightly helpful’ or ‘not at all helpful’. Most of them commented on receiving poor
feedback. They only mention the problems, but did not elaborate on how to solve
them.

For question 6 the goal was to find out how helpful the feedback received was
to identify and fix errors in the students’ code. For this question the following an-
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swers were collected: Not helpful at all - 2 (11.8%), Slightly helpful - 6 (35.3%),
Moderately helpful - 7 (41.2%), Very helpful - 2 (11.8%), Extremely helpful -
0 (0.0%). Analyzing these answers, one sees that the students found the feedback
more helpful when it comes to identifying and fixing errors in their code. Almost
half the students found it ‘moderately helpful’. Looking at the other answers, it is
clear that the helpfulness is still at the lower end with 35.3% as ‘slightly helpful’
and 11.8% as ‘not helpful at all’. Looking into the comments one can see that there
also is a problem of poor or missing feedback.

The goal of question 7 was to find out how good the feedback received was
in clarifying the suggestion and comment they were giving. For this question the
following result were collected: Not helpful at all - 2 (11.8%), Slightly helpful -
7 (41.2%), Moderately helpful - 5 (29.4%), Very helpful - 3 (17.6%), Extremely
helpful - 0 (0.0%). Analyzing the result for this question, there are a lot of similar-
ities with questions 4 and 6. As earlier, most of the answers are found on ‘slightly
helpful’ to ‘moderately helpful’. While some have answered ‘very helpful’, a ma-
jority still found the clarity in the feedback to be on the lower part of helpful.
Looking at the comments for this question, they mostly clarified the lack of help-
ful comments, but there were a few that found parts of the feedback to be helpful.
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Did not agree at all

2 (11.9%)
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0 (0.0%)

Figure 5.4: Survey 1 - Question 12: How much did you agree with the feedback
received from your peers during the review process?

Question 12 had the purpose of finding out how much the student agreed with
the feedback received. The results can be seen in figure 5.4. Looking at the results
it is clear that most of the students mostly agreed with the feedback they received.
There are also some students that ‘moderately agree’ to ‘slightly agree’ with their
feedback. This was to be expected, based on the earlier results of feedback. There
were not so many comments for this question, but a few students commented
that their reviewer had misunderstood their code and focused the feedback on
the misunderstanding.
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From these four questions related to feedback, it is clear that most students
learned a slightly to moderate amount from the feedback. It seemed that the learn-
ing outcome was on the lower part due to that many students seemed to have re-
ceived poor feedback. There were some exceptions where students had received
good feedback and they seemed to have learned much more. While the feedback
was not so good, most students seemed to agree with the feedback they had re-
ceived.

5.3 Group assignment

In the group assignment, there were 27 groups submitting the assignment. Through
all these groups, there were a total of 84 students participating. That is 3 students
less than in the first assignment. In the Cloud course, it is normal that there are
some students that drop out after the first assignment. Of all of the students par-
ticipating in this assignment, there were 15 that participated in the survey for the
group assignment. In this section, the results from this survey will be analyzed.
First of all, this assignment was the first time the group management functional-
ity in CSAMS was used. Students were allowed to create and populate their own
groups in this assignment. All groups got the same assignment and had to create
a “REST web application in Golang that provides the client with the ability to re-
trieve information about developments related to renewable energy production
across countries”[33]. For more information about the overview of the group as-
signment, see “Overview of assignment 2” in the appendix. With the new group
management functionality, only one student per group had to submit the assign-
ment. When it comes to the peer review stage it works the same way as for an in-
dividual assignment. Each student individually would review other groups’ codes.
The group they review is randomly selected, this means that students in the same
group can end up reviewing different groups. A student is not able to review their
own group.

As for the individual assignment, this survey was sent out to the student right
after the deadline for peer review was passed. This survey followed the same
structure as the first one, where students had to choose one of five options per
question. The students also had the option to elaborate more on each question
by giving comments. Now the results from this survey will be analyzed. Both the
answers and comments will be taken into consideration.

All data collated in this survey can be found in the appendix under “Results
and comments from survey 2”

5.3.1 Overview of the questions given to the students in the group
survey

All questions have a five-point Likert scale answer. The first 16 questions are the
same as the survey of the individual assignment.
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• Question 17: How would you rate your own level of participation and con-
tribution to the group project?
• Question 18: How do you prefer to learn: by working individually or in a

group?
• Question 19: How much do you feel you learn from doing an individual

assignment versus a group assignment?
• Question 20: To what extent do you think there were unequal contributions

in your group?
• Question 21: Did working in a group increase your engagement with the

assignment?
• Question 22: Was there any difference in reviewing an individual assign-

ment versus a group assignment?
• Question 23: Was there any difference in receiving reviews for an individual

assignment versus a group assignment?
• Question 24: Do you have any comments about the new group functional-

ity to CSAMS? Something you liked or something you did not like? (Text
answer and optional to answer)

5.3.2 Analysis of data

First of all the students’ experience with peer review before this assignment needs
to be established. Their experience is expected to be changed from the last survey,
due to the fact that the students should now at least have been through one peer
review. By looking at figure 5.5 one can see that 73.3% of the students have done
two or more peer reviews before the second assignment. While there are 20.0%
that say they have ‘no experience at all’ and 6.7% say they ‘have heard about it’.
Since this is the second peer review in the cloud course, one can assume that
these students have misinterpreted the question. From the few comments to this
question, the comments only mention where they have done peer review before.

Further on the questions will be analysed and categorized in the same way as
the first survey. The new questions will be put in separate categories. The categor-
ies are General aspects of peer review, Reviewing of peers, Receiving feedback, Group
work, Group versus individual, and Feedback on the group management function-
ality.

General aspects of peer review:
The questions that have been placed in this category are the questions that are
based on the general aspect of peer review, namely questions 2, 8, 9, and 15.

In question 2 the goal was to measure the effectiveness of using peer review to
reflect on the overall quality of the submission. From the five answer options the
answers were: Not effective at all - 0 (0.0%), Slightly effective - 2 (13.3%), Mod-
erately effective - 7 (46.7%), Very effective - 5 (33.3%), Extremely effective -
1 (6.7%). Analyzing these results one can see that 46.7% of the students found
using peer review was ‘moderately effective’ to reflect on the overall quality of
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Figure 5.5: Survey 2 - Question 1: What is your previous experience with peer
review?

the assignment. While 33.3% found it to be ‘very effective’. In total one can say
that most students found it to be moderate to very effective. Looking at the com-
ments for this question, one can see that most of the comments complain about
the feedback they received. Some of the comments are from students answering
‘moderately effective’ and ‘very effective’, but the ones answering ‘moderately ef-
fective’ were the ones to complain the most.

Question 8 tries to find out if the students’ engagement with the assignment
increased when they knew about participating in peer review afterward. Based
on the answer options the answers revived was: Did not increase engagement
at all - 5 (33.3%), Slightly increase engagement - 5 (33.3%), Moderately in-
crease engagement - 3 (20.0%), Very much increase engagement - 0 (0.0%),
Greatly increase engagement - 2 (13.3%). Looking at these results, one can
see that 66.6%, which is 2/3 of the students, found their engagement not to in-
crease at all or only slightly when they know about participating in peer review
afterward. While there were 20.0% choosing ‘moderately increase engagement’
and 13.3% ‘very increase engagement’. This shows that for some there was an in-
crease in engagement. Most of the comments received for this question, were from
the students who answered ‘did not increase engagement at all’. These students
comments that they already strive to do their best, and that participating in peer
review did not alter it. There was also one of the students who chose ‘moderately
increase engagement’, who commented that the peer review motivated him to
write cleaner code, use comments and create a reamed file for the project. Based
on both the answers and the comments, it looks like the increased engagement
for the assignment was based on the students’ goals, and if they wanted to put
extra effort to make their code more readable for the ones to review it.

The goal of question 9 was to establish how much time the students have
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Figure 5.6: Survey 2 - Question 9: How much time did you spend reviewing the
code of your peers?

used on reviewing the other students. The results received here can be seen in
figure 5.6. For this question, it was clarified in the survey that this question asked
for how many hours they used per review they did. Looking at the result on can
see that 46.7% said they used ‘30 min to 1 hour’, while 40.0% used ‘1 hour to
2 hours’. This equals 86.7% of the students and one can therefore say that most
students used around one hour per review, but there were also some students
using between two to three hours. Looking a the comments, it seems like the time
varied from review to review and that there were several factors influencing the
time used. The students mentioned that project size, how well the assignment was
done, their expertise, and the effort they put in, were key factors.

With question 15 the goal was to find out if the students thought that the
peer review process was a fair way of evaluating their and their peers’ code. This
was the answers collected for this question: Not at all fair - 1 (6.7%), Slightly
fair - 5 (33.3%), Moderately fair - 4 (26.7%), Very fair - 4 (26.7%), Extremely
fair - 1 (6.7%). Analyzing these results, it is possible to say that it looks like the
students have different opinions. While there are a bit more students answering
‘slightly fair’, the majority of the students are almost divided equally on the three
choices in the middle: ‘slightly fair’, ‘moderately fair’, and ‘very fair’. Looking at
the comments, it seems that the students who found it not to be fair at all or
slightly fair, have commented that they found it depending on who did the peer
review. Due to there being variations in good and poor feedback, and how critical
the students were. Some were also concerned about how the peer review affected
their grade. There was also one who commented that he found it to not be truly
anonymous because students were able to recognize the code for the people they
know, and would be more nice to them.

Reviewing of peers:
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The questions found in this category are the ones focusing on the reviews the
students completed, namely questions 3, 5, 10, 11, 13, 14, and 16.

In question 3 the goal was to find out how much the students understood of the
code they were reviewing. For this question the following answers were received:
Did not understand anything - 0 (0.0%), Understand very little - 1 (6.7%),
Understand a moderate amount - 1 (6.7%), Understand a lot - 11 (73.3%),
Understand completely - 2 (13.3%). Looking at these results, it is clear that most
students understood a lot with 73.3% answering ‘understand a lot’ and 13.3%
answering ‘understand completely’. For this question there were some comments,
the comments for the most part said that they understood the code, but there were
some students that had got some code that didn’t make sense. Some students also
mentioned that they had seen different methods to solve the problem.

With question 5 the goal was to find out to what extent the students learned
new programming concepts and techniques from reviewing their peers. To this
question the following answers were collected: Did not learn anything - 1 (6.7%),
Learned very little - 5 (33.3%), Learned a moderate amount - 5 (33.3%),
Learned a lot - 3 (20.0%), Learned a great deal - 1 (6.7%). Analyzing these
results one can see most students finding themselves to be between learning very
little and learning a great deal. With 1/3 on both ‘learned very little’ and ‘learned a
moderate amount’, and 20% on ‘learned a lot’. It is safe to say that most students
were between learning very little to learn a lot when it comes to learning new
programming concepts and techniques from reviewing. From the few comments
to this question, some students mentioned that they had learned new techniques
due to their reviewing other solutions to the problem, or reviewing something
they had not done before. There was also one student that said he had learned a
lot due to all the effort he put in.

The goal of question 10 was to find out to what extent the peer review process
improves the students’ critical thinking. For this question the following answers
were collected: Did not improve at all - 1 (6.7%), Slightly improved - 7 (46.7%),
Moderately improved - 5 (33.3%), Improved a lot - 0 (0.0%), Improved sig-
nificantly - 2 (13.3%). Based on the results of this question, one can see that
most students improved their critical thinking through peer review by a slightly
to moderate amount. While there are some exceptions where students improve
significantly. From the few comment, there were not much to analyze.

Question 11 tries to measure to what extent a student’s professional growth
benefits from the peer review process. The results from this question can be seen in
figure 5.7. Looking at the results, it is clear that most students’ professional growth
moderately benefited from the peer review process, while there were a few that
only slightly benefited and some that benefited a lot or significantly. From the
very few comments to this question, there was one student that mentioned that it
was good training for giving constructive feedback instead of negative feedback
to their peers.

For question 13 the goal was to find out how confident the students were in
giving constructive feedback and suggestions while reviewing. The answers collec-
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Figure 5.7: Survey 2 - Question 11: To what extent did you benefit from the peer
review process in terms of your professional growth?

ted to for this question were: Not confident at all - 0 (0.0%), Slightly confident
- 3 (20.0%), Moderately confident - 7 (46.7%), Very confident - 2 (13.3%), Ex-
tremely confident - 3 (20.0%). Analyzing the results of this question, one can
see that just around half of the students found themselves to be moderately con-
fident. While 33.3% were ‘very confident’ or ‘extremely confident’. From the few
comments to the question, one can see that for some of the students, their confid-
ence when reviewing could be associated with their knowledge of the code they
were reviewing. To conclude this question, most students found themselves to be
moderately confident or higher when giving feedback.

In question 14 the goal was to find out how the students felt the peer review
process helped improve their communications skills when it comes to explaining
technical concepts and making suggestions. For this question, these answers were
collected: Did not help at all - 2 (13.3%), Slightly helped - 6 (40.0%), Mod-
erately helped - 5 (33.3%), Very much helped - 1 (6.7%), Extremely helpful
- 1 (6.7%). For this question there was only one comment, which did not add
anything to the analyses. Looking at the results, one can see that ‘slightly helped’
has received the most votes with 40.0%, next is ‘moderately helped’ with 33.3%.
These two equals 73.3% of the students, the are also a few who vote: ‘did not help
at all’, ‘very much helped’, or ‘extremely helpful’. But all in all, one can say that
most students found that the peer review process slightly to moderately helped
in improving their communication skills. This result is most likely affected by the
poor feedback students gave, which has been seen from earlier questions.

The goal of question 16 was to find out if the peer review process helped
students improve their ability to debug code and identify errors. The answers
collected for this question was: Did not help at all - 2 (13.3%), Slightly helped
- 4 (26.7%), Moderately helped - 4 (26.7%), Very much helped - 4 (26.7%),
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Extremely helpful - 1 (6.7%). Taking the few comments into consideration while
looking at these results, there seem to be several factors for the distribution of
the results. From the comments, one student says that he thinks he did not use
enough time to try and debug the code of others. Another student says he had
no experience in debugging with Go before and found the peer review process
helpful. While these are only a few comments, one can see that they fit the pattern
found in the earlier questions where skill level and the effort put in, are key factors
to how much they learn, in this case how much they improve their skills to debug
code and identify errors. One can assume that this is the reason for the distribution
of the results. One also needs to keep in mind, that the code the students are
reviewing can have some effect on it as well.

Receiving feedback:
In this category, the questions here are the ones with a focus on the feedback,
namely questions 4, 6, 7, and 12.

In question 4 the goal was to find out how helpful the feedback received was
to learn new programming skills. The answers received her were: Not helpful at
all - 2 (13.3%), Slightly helpful - 3 (20.0%), Moderately helpful - 6 (40.0%),
Very helpful - 3 (20.0%), Extremely helpful - 1 (6.7%). Looking at these results,
one can see that students are spread all across the scale. Most students answered
‘moderately helpful’ with ‘slightly helpful’ and ‘very helpful’ right behind. In total
these three groups equal 80% of the students. Looking at the comments to this
question, there were several comments saying that the feedback was either only
referring to bugs, lacking insights for improvement or just picking on small errors.
In all, they show that the feedback found small problems in their code, but it
was lacking comments on how to improve it, and was therefore not very helpful.
Seeing that some students answered ‘very helpful’ or extremely helpful shows that
there are some students that give good feedback.

With question 6 the goal was to find out how helpful the feedback received
was to identify and fix errors in the groups’ code. For this question the follow-
ing answers were collected: Not helpful at all - 3 (20.0%), Slightly helpful - 3
(20.0%), Moderately helpful - 6 (40.0%), Very helpful - 1 (6.7%), Extremely
helpful - 2 (13.3%). Analyzing these results, one can see that the majority of the
students found the feedback to be on the lower side when it comes to identifying
and fixing errors in their groups’ code. With 80% answering between ‘not helpful
at all’ and ‘moderately helpful’. There were two comments from the two students
who answered ‘extremely helpful’. They said that the feedback helped them see
problems they had not seen, and that it helped make the program better. The rest
of the comments were on how the feedback was not so helpful.

The goal of question 7 was to find out how good the feedback received was
in clarifying the suggestion and comment they were giving. For this question the
following result were collected: Not helpful at all - 2 (13.3%), Slightly helpful - 3
(20.0%), Moderately helpful - 8 (53.3%), Very helpful - 2 (13.3%), Extremely
helpful - 0 (0.0%). Looking into the results, it is clear that around half of the
students found the feedback to be moderately helpful in clarifying the suggestions
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and comments it provided. For the rest of the students, most of them found the
feedback to be, ‘not helpful at all’ to ‘slightly helpful’. There were, however, a
few who found it to be ‘very helpful’. All in all most of the feedback seems to be
moderately helpful to not helpful at all. The reason for this can be that students
do not put effort into the feedback they give. There were very few comments on
this question.
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Figure 5.8: Survey 2 - Question 12: How much did you agree with the feedback
received from your peers during the review process?

Question 12 had the purpose of finding out how much the student agreed
with the feedback received. The results can be seen in figure 5.8. Looking at these
results, one can see that there is almost an equal spread between ‘slightly agreed’,
‘moderately agreed’, and ‘mostly agreed’. They are almost equal to 1/3 of the
students each. Looking into the comments for this question, it seems that several
students received feedback that was both correct and false which is most likely
the reason for the distribution of the results.

Group work:
The questions in this category are the ones related to group work, namely ques-
tions 17, 20, and 21.

With question 17 the goal was to find out how the students rate their level of
participation in the group. For this question the following answers were collected:
No contribution at all - 0 (0.0%), Slightly contributed - 0 (0.0%), Moderately
contributed - 5 (33.3%), Very contributed - 5 (33.3%), Extremely contributed
- 5 (33.3%). By analyzing these results, one can see that the students have placed
themselves in the three highest levels of contribution. With the three groups con-
taining 1/3 of the students each, there is some variation in how much the students
contribute to the group work, but no students will admit to free-ride through the
assignment. The two comments to this question, both were from students saying
that they had contributed extremely to the group project. One of them said he had
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done the assignment alone, and the other one said that he had done most work
on the project, thus, there might have been some free-riders in the group work
after all.

In question 20 the goal was to find out if the students thought there were un-
equal contributions in their group. The answers collected for this question were:
Contributions were completely equal among all group members - 3 (20.0%),
Contributions were somewhat unequal, but the impact was negligible - 5
(33.3%), Contributions were moderately unequal, and this had some impact
- 6 (40.0%), Contributions were significantly unequal, and this had a notice-
able impact - 1 (6.7%), Contributions were extremely unequal, resulting in
some members carrying the majority of the workload - 0 (0.0%). Looking at
these results, one can see that most students found there to be some unequal con-
tribution in their group. The students that had experienced unequal contributions
in their group, were almost split in two when it comes to if unequal contribu-
tion impacted their group or not. Looking at the comments for this question, the
unequal contribution comes from how they divided the workload, and from the
difference in engagement between the members.

Question 21 had the goal of finding out if students’ engagement with the as-
signment increased working by working in a group. For this question the follow-
ing answers were collected: Did not increase engagement at all - 3 (20.0%),
Slightly increase engagement - 3 (20.0%), Moderately increase engagement -
3 (20.0%), Very much increase engagement - 5 (33.3%), Greatly increase en-
gagement - 1 (6.7%). Analyzing these results, it looks like there is a big variation
in if the students get more engagement when working in groups or not. Looking at
the numbers, one can see that about half of the students moderately to very much
increase their engagement with the assignment when working in groups. Based
on the few comments to this question, it looks like some students’ engagement
increases, due to feeling responsible for the other members, or if they end up in a
good group.

Group versus individual:
In this category are the questions that specifically look at the differences between
group and individual work. The questions in this category are 18, 19, 22, and 23.

With question 18 the goal was to establish if the students prefer to learn in-
dividually or in a group. The answers collected for this question can be seen in
figure 5.9. From the results, it is clear that almost half of the students have no
preference for learning individually versus in a group. Looking at the other half of
the students, one can see that more students somewhat prefer learning individu-
ally to learning in a group. Looking into the comments for this question, some of
the students find it hard to decide on their preference. They like both, but it looks
like it depends on what type of task they are doing, and what group they are in.

Question 19 had the goal of finding out if the students felt they learned more
from doing an individual assignment versus a group assignment. For the ques-
tion the following answers were collected: Learn much more from individual
assignments - 1 (6.7%), Learn somewhat more from individual assignments
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Figure 5.9: Survey 2 - Question 18: How do you prefer to learn: by working
individually or in a group?

- 4 (26.7%), No difference - 4 (26.7%), Learn somewhat more from group as-
signments - 5 (33.3%), Learn much more from group assignments - 1 (6.7%).
Looking into these results, one can see there are similarities with the results from
question 18, but for this question, fewer students said that they feel no difference.
When it comes to what students feel they learn more from, there is barely any dif-
ference between individual assignments and group assignments. From the very
few comments to this question, some students say that it depends on the type of
assignment, or that they will learn regardless of what the assignment is.

For question 22 the goal was to find out if there were any differences in review-
ing an individual assignment versus a group assignment. The answers collected
for this question were: No difference at all - 5 (33.3%), Minor differences - 6
(40.0%), Moderate differences - 1 (6.7%), Significant differences - 3 (20.0%),
Completely different - 0 (0.0%). Analyzing the results, one can see that 1/3 of
the students found ‘no differences at all’, while around 40% found there to be
‘minor differences’. The rest found there to be ‘moderate differences’ to ‘signi-
ficant differences’. Based on this, it is clear that there are some differences, but
how much, appears to change from which group a student is reviewing. Several
students commented on the difference they found which were: larger repositor-
ies meant more to review, there are different coding styles in the same repository
making it harder to review, and some have higher quality and are easier to review.
Some students ended up reviewing a one-person group, and they did not find that
to be different from an individual assignment.

For question 23 the goal was to find out if there were any differences in receiv-
ing reviews for an individual assignment versus a group assignment. The answers
collected for this question were: No difference at all - 8 (53.3%), Minor differ-
ences - 3 (20.0%), Moderate differences - 4 (26.7%), Significant differences
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- 0 (0.0%), Completely different - 0 (0.0%). Looking at these results, it is clear
that there were few differences in receiving feedback between an individual as-
signment and a group assignment. With over half saying no difference and the
rest saying they were minor to moderate differences. There was not much to take
from the comment to this question, but one student said that the feedback was
more general on the group assignment.

Feedback on the group management functionality:
The last category is for the feedback collected for the new group management
functionality. The feedback was collected with question 24. Question 24 was an
optional text-answer question, to collect the thoughts the students had about the
new feature in CSAMS. The goal of this question was to find out if there is some-
thing that should be changed or added to this feature. In total, there were only
six answers to this question, not all of them about the new group management
functionality, but also about other features in CSAMS. The answers regarding the
group functionality were: “Worked surprisingly well” and “It’s nice to have a group
function, in fact I might prefer it over individual work in the cloud course.”. Only
two answers mentioning this feature is not much to go on, but the answers indic-
ate that there does not seem to be any problems with the new functionality.

Two of the other answers said that it would be nice to have an auto-save
function for the review feature. This is a feature request to the system itself, and
not specific to the group management functionality since the review feature is
used for both individual and group peer review. Such a feature would be useful
for CSAMS and would increase user experience. It will be mentioned as a possible
future development task.

The two last comments were mostly course concerns not specific to CSAMS,
but one of them suggested maybe renaming the change submission button to “In-
spect submission”.

5.4 Comparing both assignments

Now that both surveys have been analyzed, the results from the two can be com-
pared to see if there are any differences in learning between an individual assign-
ment with peer review and a group assignment with peer review.

Comparing the results from both surveys for question 1, one find that the
students had more experience with peer review for the group assignment. This
result was expected since the students had already completed peer reviews for the
individual assignment. Based on the results one can see that from the individual
assignment 47.1% had done two or more peer reviews before, while for the group
assignment, this had increased to 73.3%.

With that in mind, it is time to look into the differences in the general as-
pects of peer review. When it comes to measuring how effective the peer review
process was to reflect on the overall quality of the assignment. There is little differ-
ence between the individual and the group assignment. Looking into whether the
students increased their engagement with the assignment when they knew that
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they would participate in peer review afterward, the results are also very similar.
One can, however, see the engagement was barely higher on the individual as-
signment. On the individual assignment, 41.2% answered moderately increased
engagement or higher, while in the group assignment, only 33.3% answered the
same. For both assignments the average time a student used to complete a peer
review was around one hour. There were indeed exceptions with some students
using much shorter time, and some students using much longer time. Finally, when
it comes to how fair the students found the peer review process was to evaluate
their and their peers’ code, slightly more students found it to be fairer for the in-
dividual assignment. Based on the results that 70.6% answered moderately fair
or higher for the individual assignment, while only 60.1% said the same for the
group assignment.

Now we will look at whether there are any differences between an individual
and a group assignment when the focus is on the review a student performs. Start-
ing with to what extent the students understood the code they were reviewing, and
comparing the results from both assignments, one can see that the results are al-
most the same. For the individual assignment, 58.8% understood a lot and 23.5%
understood completely which equals 82.3% of the students. For the group assign-
ment 73.3% understood a lot and 13.3% understood completely which equals
86.6% of the students. Based on this, it is clear that most students understood
a lot of the code they were reviewing in both assignments. Fewer students un-
derstood the code completely in the group assignment, this can be due to that
the code repository in the group assignment was bigger and written by multiple
students.

Comparing the results of to what extent the students learned new program-
ming concepts and techniques while reviewing, one can see that there were more
differences in these results. For the individual assignment, 17.6% did not learn
anything and 41.3% learned very little, which means that 58.9% said they learned
nothing to very little of new concepts and techniques, while the remaining 41.2%
learned a moderate amount. In the group assignment, 6.7% did not learn anything
new, and 33.3% learned very little, which equals 40% of the students. Already here
there is a noticeable difference from the individual assignment. Further on 33.3%
learned a moderate amount while 26.7% learned a lot or more. This means that
60% of the students learned at least a moderate amount of new concepts and
techniques. Based on this, it is clear that most students learned more new pro-
gramming concepts and techniques from reviewing the group assignment.

When it comes to comparing to what extent the students improved their crit-
ical thinking from the peer review process, one can see there is only a minor
difference between the individual and group assignments. From the results, one
can see that for the individual assignment, 47% improved from nothing to slightly,
while 53% improved moderately to a lot. For the group assignment, 53.4% im-
proved from nothing too slightly, while 33.3% improved a moderate amount and
13.3% improved significantly.
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Looking into how the students benefited in terms of professional growth for
the peer review process, there is a clear difference between the individual as-
signment and the group assignment. Seeing that 66.7% of the students benefited
a moderate amount from the group assignment, where as on the individual as-
signment students were more equally spread out. Here 29.4% slightly benefited,
17.6% moderately benefited, and 35.3% benefited a lot in terms of personal growth.
Based on this, one can say that the professional growth was more stable among
the student for the group assignment. One can, thus, expect a more consistent
benefit in professional growth from a peer review process for a group assignment.

By comparing the results of how confident the students felt they were in giving
constructive feedback and suggestions to their peers during the review process,
one can see that the students’ confidence in giving feedback has increased slightly
from the individual assignment to the group assignment. The increase comes from
the students that were the least confident. In the individual assignment, there
were 11.8% that were not confident at all and 5.9% that were slightly confident.
For the group assignment, there were none that were not confident and 20.0%
that were slightly confident. This shows that those with no confidence at all, have
increased their confidence in giving constructive feedback from the individual to
the group assignment. When it comes to the more confident students there are
no significant differences other than there being some more students moderately
confident and some less very confident in the group assignment compared to the
individual assignment.

When it comes to if the peer review process helped the students to improve
their communication skills in explaining technical concepts and making sugges-
tions, one can see that the results from both assignments were the same. Both
show that the peer review process slightly to moderately helped the student to
improve their communication skills. By looking at how the students felt that the
peer review process helped them in improving their ability to debug code and
identify errors, the results are also almost identical for both assignments.

Looking at the differences found in the feedback received, we start with the
differences found when it comes to how the feedback the students received from
their peers helped them to learn new programming skills. Comparing the res-
ults from both the individual assignment and group assignment, one can see that
most students found the feedback received from the group assignment to be more
helpful in terms of learning new programming skills. In the individual assignment,
11.8% found it not to be helpful at all, 58.8% found it to be slightly helpful, and
23.5% found it to be moderately helpful. For the group assignment, 13.3% found
it not to be helpful at all, 20.0% found it to be slightly helpful, 40.0% found it to
be moderately helpful, and 26.7% found it to be very to extremely helpful.

Looking at the differences in how helpful the feedback received from the stu-
dents’ peers was in identifying and fixing errors in their code, one can see that the
results are very similar, but students just barely found the feedback to be more
helpful from the group assignment. This is based on the results that show that
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53% found the feedback from the individual assignment to be moderately helpful
or better, while 60% found the feedback for the group assignment to be moder-
ately helpful or better.

When it comes to how helpful the explanation provided in the feedback the
students received from their peers in terms of clarifying the reasoning behind
the suggestions and comments to their code, there are differences between the
individual assignment and the group assignment. Looking at the results, one can
see that for the individual assignment, 11.8% found it not to be helpful at all,
41.2% found it to be slightly helpful, 29.4% found it to be moderately helpful,
and 17.6% found it to be very helpful. This means that 53% thought it to be
slightly helpful or lower, and 47% thought it was moderately to very helpful. For
the group assignment, 13.3% found it not to be at all helpful, 20.0% found it to be
slightly helpful, 53.3% found it to be moderately helpful, and 13.3% found it to be
very helpful. This means that 33.3% thought it was slightly helpful to lower, while
66.6% thought it to be moderately to very helpful. Based on these results one can
see that most students found the feedback received from the group assignment to
be more helpful in clarifying their suggestions and comments.

Comparing the results of how much the students agreed with the feedback
from their peers during the review process, one can see that more students mostly
agreed with the feedback from the individual assignment. This is based on the res-
ults which show that for the individual assignment, 47% said they mostly agreed
and 11.9% completely agreed. For the group assignment, 26.7% said they mostly
agreed and 6.7% completely agreed. From these numbers, one can see that in the
individual assignment 58.9% mostly agreed or more, and in the group assignment,
only 33.3% mostly agreed or more.

Further, the results will be discussed and concluded in the discussion chapter.





Chapter 6

Discussion

This chapter will first provide a summary of the thesis, followed by contributions
made, and limitations regarding the thesis. Finally, a discussion of the results will
be provided in order to conclude with a proposed solution to the research ques-
tion, and possible future work will be proposed.

6.1 Summary

This thesis has looked into the subject of peer review, more specifically targeting
the difference in learning outcomes when using peer review for an individual
assignment versus a group assignment. From the literature review, research gaps
were discovered. One of them was a gap in comparing the learning outcome that
students have when using peer review for an individual assignment versus a group
assignment. With the goal of closing a part of this gap, the research questions were
formed.

In order to answer the research questions several steps were taken. First, group
management functionality was developed for the peer review system CSAMS used
in computer science courses at NTNU Gjøvik. This functionality allows students
to submit an assignment to the system as a group, and then conduct peer reviews
on other groups. Before CSAMS only allowed for peer reviews of individual sub-
missions. With the new feature, an Openstack[29] server was set up and hosted
with CSAMS. By being the production manager of the server during this spring
semester, responsibilities for updating the system, correcting errors, and making
sure both teachers and students got access with the privileges they needed, fell
upon me.

To collect data for this thesis two surveys were created. The first one would
be distributed to the students after they had completed their individual assign-
ments with peer review. The second one would be distributed to the students
after they had completed their group assignment with peer review. Both assign-
ments were done in the CSAMS system. The students participating in the surveys,
were computer science students taking the Cloud course at NTNU Gjøvik, which
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is a bachelor’s degree course. All data collected were analyzed and the data from
the two surveys were compared against each other.

The results found in the data will be discussed later in this chapter.

6.2 Contribution

The contribution can be divided into three main categories which are develop-
ment, production, and research. Further on in this section, the contribution of
each category will be described.

Development:
The contribution to the peer review system CSAMS was the development of the
group management functionality. This development includes designing new pages
for the system, redesigning the database structure by adding and changing sev-
eral data classes, and updating existing functionality to accommodate the changes
to the database. New pages were added to the frontend, as was new functional-
ity needed in the backend for the group management functionality. The develop-
ment was done with HTML templates for the frontend and Go for the backend
with a SQL database. The development of the group management functionality to
CSAMS was necessary to be able to use it for the research. All this came together
in an upgrade to the CSAMS system with a group management functionality that
allows students to join a group, deliver as a group, and do peer reviews on group
assignments, while the teachers have full access to create, change or delete groups,
and to customize the group assignment as needed.

As part of redesigning the database structure a new and updated version of
the database diagram was created.

Another development task has been fixing new and old bugs and errors found
during production.

Production:
The contribution in the production phase was having the role of production man-
ager and maintainer of CSAMS. The responsibilities covered setting up and host-
ing CSAMS on an OpenStack[29] server, updating the system and correcting er-
rors discovered during production. CSAMS was used by over 100 students this
semester, which meant that it was important to make sure the system was run-
ning at all times. Another part of this role was to give teachers and students access,
and give the teachers admin rights.

To make sure that new updates and error corrections did not break the pro-
duction server, a test server was set up. The test server was configured with the
same setup and data. This made the role of production manager easier, and al-
lowed me to test and approve new updates on real-time test data without having
to be worried about crashing and losing the user data.

Research:
The contribution when it comes to research, was to conduct a literature review
in order to identify existing gaps in the research related to peer review, as well as
to gain knowledge. Secondly, two surveys were created to collect responses from
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the students in the Cloud course. One survey was used to collect data about using
peer review on individual assignments, and one was used to collect data about
using peer review for a group assignment. The data collected were analyzed and
compared against each other to answer the research questions.

6.3 Limitations

The limitation section will follow the same structure as the contribution section.
Here the limitations for the categories of development, production, and research
will be described.

Development:
There were two limitations when it comes to the development of the group man-
agement functionality. The first one was the limitation of the database. The infra-
structure of the database could not be changed once the system was in production.
All changes to the database had to be completed before the production server went
live. The server went live towards the end of February in order to be ready to use
for the first assignment in the Cloud course. This meant that all changes to the
database had to be implemented by then.

The second limitation was that there was another masters student working on
another feature of CSAMS. This was a limitation because we were both working
on many of the same files, and needed to be careful not to destroy each others
work.

Production:
The production shares a limitation with the development and that is the database.
Any error found, could only be corrected as long as they did not depend on any
changes to the database. The reason the database structure could not be changed
while in production, was that the system needs a full reset in order for the changes
to work. A full reset will delete all current data in the system.

Research:
The were several limitations when it come to the research. First of all due to
the scope being limited to computer science students, and in this case limited
to computer science students taking the Cloud course at NTNU, the number of
students accessible for this study, has been limited. This semester 87 students were
taking the course. Since doing the surveys for this thesis was not mandatory for
the students, the results collected were limited because it was hard to get students
to participate. This resulted in the total amount of participants being 20% of all
students in the Cloud course.

Another limitation was that this thesis was following the Cloud course, which
means that it was depending on the first and second assignments in the course.
To collect data about students’ experience with peer review, the survey had to be
sent to the students after they had completed peer reviewing for their assignment.
This was limiting the time to collect data, and was mostly a problem for the second
assessment because the deadline got extended to May 8, which gave little time to
collect data before the thesis had to be delivered.
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While analyzing and discussing the results collected through the surveys, it
was discovered that there should have been more questions about how students
learn better from an individual assignment or a group assignment, and how they
prefer to learn. With the lack of more relevant questions here, the results used to
conclude both RQ2 and RQ3 were lacking data. This was mostly a limitation for
RQ3, but also a bit limiting for RQ2.

6.4 Research questions

In this section, the proposed solution to each research question will be presented
one at a time. First, the research question will be stated, then the results related
to this question will be discussed before a conclusion will be presented.

In this thesis, several steps and methods have been used in order to collect
data for the research questions. There have been some challenges, of which the
major one has been getting students to participate in the surveys. At the start of
the thesis, the expectation was that it would be easy to get a lot of participants
in the survey since there were 87 students in the cloud course. This expectation
was quickly challenged once the first survey was sent out to the students. One
week after publishing the survey, less than five students had participated. Through
republishing the survey to the students’ course page and getting the course teacher
to mention the survey in class several times, the number of participants for the
first survey ended at 17 students, after almost five weeks.

From this experience, it was clear that this was going to be a problem for the
second survey too, but for the second survey, there was no time to wait for five
weeks to collect answers. Due to these surveys being dependent on the first and
second assignments in the cloud course, the second survey could not be published
to the students before they had completed the peer review process for the second
assignment. In the cloud course there were delays to the assignment and the dead-
line for the peer review was extended to May 8, when it originally was supposed
to be at the end of April. This gave even less time to collect answers for the second
survey, but there were still collected answers from 15 students. From this experi-
ence, one can say that it is hard to get students to participate in a survey that is
not mandatory for the course, or they receive any rewards for participating.

With 17 students from the individual assignment and 15 from the group as-
signment, one needs to take into consideration the number of students who par-
ticipated and were used for the results equals about 20% of the total students in
the course. There were 87 students participating in the individual assignment and
84 students participating in the group assignment.

RQ1 - To what extent does the writing as well as receiving of peer re-
views on group and individual assignments respectively impact the student
learning outcome (with respect to that assignment)?

Students had more experience with peer reviews for the group assignment
than for the individual assignment, because they had already performed peer re-
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views on the individual assignment. Some of the students had also used peer re-
views in other courses. With more experience, people usually get more confident
in what they do. An increase in confidence is also found in the results. In this set-
ting, the confidence increased in giving constructive feedback and suggestions to
their peers when performing a review. The confidence increase was found among
the least confident students. This can be seen from the result where for the indi-
vidual assignment there were 11.8% of the students that were not confident at
all, while for the group assignment, there was none that were not confident at all.
This shows that the ones who were not confident at all have become more con-
fident in giving constructive feedback and suggestions. While more experience in
peer reviews can be one reason for this, an increase in the skill level of students
because it is later in the course, can be another. On the other hand, we find that
the share of those most confident i.e. Very confident and Extremely confident
fell from 47.1% for the individual assignment to 33.3% for the group assignment.
This can be due to the increased complexity of the group assignment mentioned
by several students pinpointing that the repository in the group assignment was
much bigger and the code harder to read since it was made by several students.

Most of the students understood a lot of the code they were reviewing in both
assignments. The results also show that the average time a student used on com-
pleting a review was around one hour, but there were some using much shorter
time and some using much more time. This average goes for both assignments.

One thing found during the analysis, was that students learned more from
reviewing others’ code than from the feedback they received. Both the individual
and group assignments had this outcome. These findings correspond to what was
found in the articles [18] and [19] from the literature review. In this research,
we found that the students learned less from the feedback because most of it was
poorly executed by the other students. The feedback the students received in this
course seems to be so bad, that even getting feedback from several students can
not replace the feedback from a teacher. This contradicts the results found in [21]
and [22], where they stated that receiving feedback from several students can be
as good as receiving feedback from one teacher.

We looked at several aspects related to how the students learned by review-
ing. The aspects were learning new programming concepts and techniques, im-
provement of their critical thinking, improvement of their communication skills,
improvement of their debugging skills, and how they benefited in terms of pro-
fessional growth. From the comparison of the results, one can see that students
learned most new programming concepts and techniques from the group assign-
ment where 60% of the students learned a moderate amount or more of program-
ming concepts. While for the individual assignment there only were 41.2% who
learned a moderate amount. When it comes to the improvement of critical think-
ing, there were minor differences between the two. For both assignments, about
half of the students improved their critical thinking by a moderate amount or
more, while the rest reported less improvement. When it comes to the improve-
ment of communication skills, and debugging and identifying errors the results
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were the same for both the individual and the group assignment. The improve-
ment of communication skills was on the lower side of helpfulness. While debug-
ging was mostly spread between slightly helpful, moderately helpful, and very
helpful.

When it comes to how the peer review process benefited the students in terms
of professional growth, there are clear differences between the individual assign-
ment and the group assignment. For the individual assignment, 1/3 did not be-
nefit from professional growth more than slightly, while another 1/3 reported to
benefit a lot. For the group assignment, the professional growth was concentrated
on moderately benefited with 66.0%. This shows that more students benefit from
professional growth in the group assignment, but the benefit is more moderate.
Showing that one can expect more students’ professional growth to benefit at the
same level for a group assignment with peer review.

By combing all of the aspects of learning from doing a peer review, one can
see that there are several aspects almost identical between the individual assign-
ment and the group assignment. However, looking at the differences found in both
learning new programming concepts and the benefit of professional growth, it is
clear that the total learning outcome from doing a peer review is higher when re-
viewing a group assignment. There can be several reasons for this. One reason can
be that the repositories in group assignments are larger, which means that there is
more code to review. Another reason can be that there are several students work-
ing on one assignment, the student reviewing the group code will then be exposed
to several coding approaches, styles, and techniques at the same time compared
to an individual assignment. Consequently, the learning potential is greater.

Going over to look at how the students learn by receiving feedback, there were
several aspects to observe. An initial aspect was: did the feedback received help
the students to learn new programming skills, was the feedback received help-
ful in identifying and fixing errors, did the feedback received provide a helpful
explanation in terms of clarifying the reasoning behind the suggestions and com-
ments, and did the students agree with the feedback they received. As found from
comparing the results, most students seem to find the feedback received from
the group assignment more helpful in learning new programming skills. When it
comes to identifying and fixing errors, there were barely any differences. In the
group assignment, 60% found the feedback to be moderately helpful or better,
while in the individual assignment, 53% found the same. The same goes for cla-
rifying the reasoning for the suggestions and comments in the feedback, this was
also more helpful in the group assignment, but here the difference was a bit lar-
ger. When it comes to agreeing with the feedback, there were more students that
mostly agreed with the feedback from the group assessment.

When combining the results of these aspects, one can see that the feedback
received from the group assignment, was better for the overall learning outcome.
This is based on that it was both better at learning new skills and giving helpful
feedback. Still many comments from both surveys show that the overall quality
of feedback received was poor, but slightly better on the group assignment. One
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reason why the feedback was overall better in the group assignment, could be that
the students are more confident in reviewing and has got more experience. Based
on the comments collected during the group assignment survey, several students
said they felt more confident and wanted to put more effort into their review.

The analysis identified two main factors affecting how much a student learns
from reviewing other students’ code. These two factors were skill level and effort.
A student with a lower skill level reviewing a high-skill level student’s code, would
learn more than a high-skill level student reviewing a low-skill level student’s
code. This was found in both the individual and group assignments. The amount
of effort the student puts into a review also affected how much the student learned
from reviewing. A difference between the two assignments, was the effort put into
reviewing. It seemed that some students felt more experienced and had a greater
knowledge of how to perform a peer review, and therefore chose to put more
effort into reviewing assignment two. Since the second assignment was a group
project, it was a bigger repository to review than in assignment one.

To further get the students’ perspective on the differences between using peer
review for individual assignments and group assignments, they were asked two
questions. The questions were “Was there any difference in reviewing an indi-
vidual assignment versus a group assignment?” and “Was there any difference
in receiving reviews for an individual assignment versus a group assignment?”.
When it comes to the difference in reviewing 1/3 of the students said there was
no difference, while 40% said there were minor differences and the last 26.7%
said there were moderate to significant differences. This shows that there are
some differences between the two. Based on the comments to this question, the
differences were mainly that the group assignment had a bigger repository to re-
view and that one was exposed to several coding styles while reviewing it. When
it comes to the difference in receiving reviews, there was even less of a difference.
With 53.3% saying there were no differences and the rest saying there were minor
to moderate differences. This shows that there was a bigger difference when giv-
ing a review for an individual assignment versus a group assignment.

Based on this discussion the proposed solution to RQ1 is that using peer re-
viewing for both group assignments and individual assignments impacts the stu-
dents’ learning outcome. The learning outcome is slightly higher when using peer
review on a group assignment. This is dependent on that students put in the same
effort for both assignments. This is also based on that the peer review process has
been conducted in the same way for both assignments. The main difference is that
by reviewing a group assignment the student has a bigger repository to review,
and is exposed to multiple people’s coding techniques at the same time. While
this is based on about 20% of the students participating in the cloud course, there
is reason to believe that one will get similar results with a higher percentage of
participants.

RQ2 - Does a computer science/programming student learn more from
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individual work or group work when it comes to programming skills?
To measure if the students learn more from an individual assignment as com-

pared to a group assignment there are several aspects to look at. The first is to
look at students’ self-perception of participation in the group. From the results
earlier, the students have placed themselves in three groups. 1/3 said they con-
tributed a moderate amount, 1/3 said they contributed highly, and the last 1/3
said that they contributed extremely as part of the group. From these results, one
can expect there to be some differences in contribution in the groups. Next, the
students were asked if there was any unequal contribution in their group. Her
20% said that the contribution was completely equal among all members, while
33.3% said there were somewhat unequal contributions but it did not affect the
results. The rest said there were moderately unequal contributions and that it had
some effect on the results. The results seen in these two questions relate to each
other. There are variations in how much the students contributed, and in how
unequal the contribution was in the groups. There are several reasons why there
were unequal contributions. Based on the comments to the question one of the
reasons was the way the group split the tasks between themselves, and some of
the tasks were bigger than the others. Another reason is probably that the students
put different amounts of effort into the group assignment. This is a factor that was
also seen in the peer review process. It is also interesting to note that none of the
students say that they contribute less than a moderate amount, i.e. none of the
students admits to be free-riders. Whereas in the second question, and some of
the comments, other students clearly indicate that there have been free-riders in
their group. Free riders were a problem seen in [8] and [10] where they came up
with solutions to prevent it.

When looking at whether students’ engagement with the assignment increases
when they work in a group, 60% said their engagement increased moderately or
more, while the rest said it slightly or did not increase their engagement with the
assignment. When 60% increase their engagement with the assignment when they
work in a group, this can also be one of the reasons for the unequal contributions
in the groups. Thus 60% of the students put more effort into the assignment. Some
of the students commented that the reason for their increase in engagement was
that they felt responsible for the other group members.

Lastly, the students were asked if they felt they learned more from an indi-
vidual assignment versus a group assignment. Here 26.7% said there were no
differences. 1/3 of the student felt they learned somewhat or more from an indi-
vidual assignment. While the last 40.0% felt they learn somewhat or more from a
group assignment. With the results being so close to each other is difficult to in-
dicate whether one method is better for learning than the other, especially given
the confounding factors of learning effects from the individual assignment prior
to engaging in the group assignment.

Based on this discussion the response to RQ2 is that it can vary if a computer
science student learns more from an individual assignment than from a group
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assignment. This is because, in an individual assignment, a student has to per-
form the entire task. In a group assignment, however, there are so many factors
that can affect how much a student learns. For example, if there are unequal con-
tributions in a group and one student ends up doing most of the work. He has
the possibility to learn much more because group assignment often is bigger and
more challenging. There is also the possibility of learning new coding skills from
the other member of the group. This was based on 20% of the students particip-
ating in the cloud course, but there is reason to believe there would be similar
results if there had been a higher number of participants. Lastly, learning effects
could relate to the group work per se, i.e., the need for coordination and cooper-
ation, that show in aspects of project management as well as practical aspects
such as branch merging in git, an aspect that is of limited concern in individual
assignments. However, the questions in this study do not explicitly focus on these
secondary aspects of learning, and can hence not lend a conclusive insight.

RQ3 - Do computer science students prefer to learn coding individually
or in a group?

To be able to answer this question the students were asked if they prefer to
learn by working individually or in a group. The results collected show that 46.7%
were neutral or had no preference while 20.0% somewhat preferred learning by
working in a group, and 33.3% somewhat preferred learning by working individu-
ally. Some of the students who were neutral, commented that they liked both, but
their preferred method was based on the current task they were given. With al-
most half of the students being neutral, it is hard to make a general conclusion.

When discussing this research question there has been a realization that there
could have been more questions in the survey related to this question to get a
better sense of which aspects may be preferably learned in an individual setting,
and the ones in a group setting. This offers opportunities for refinement for future
studies.

Based on this discussion and that slightly more students somewhat preferred
learning by working individually a tentative response to RQ3 is that more stu-
dents prefer to learn by working individually. Given that these results are from
about 20% of the students, one can challenge the representativeness. An aspect
that warrants evaluation over a larger number of students, and ideally, different
cohorts.

6.5 Future work

Finally, the thesis will be concluded with suggestions for future work. This section
is divided into two subsections, Implementation and Research. The Implementation
subsection will go over possible future work for CSAMS found during this thesis.
While the Research subsection will mention possible future work related to the
thesis.
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6.5.1 Implementation

CSAMS is a system that is under constant evolution since the experience of using it
increases year by year, and the teachers get new insight into how they can evolve
it. One feature that can be implemented to give more functionality to the group
feature, is to implement the ability for a teacher to choose if all students in a
group should review the same groups or different groups. Today all students in
the same group review different groups from each other. This feature was thought
about during the upgrade of the database, and should therefore be possible to
implement without having to alter the database.

Another feature of CSAMS that will create a better user experience, is an auto
save feature for the existing review function. This will fix the problem of students
timing out while reviewing an assignment, and having to redo their review. This
feature was suggested by students when asking for feedback related to the CSAMS
system.

6.5.2 Research

For future research, one can revisit RQ1 again, but this time with the mechanic
of sharing the peer review activity amongst all group members for a given as-
signment to be reviewed. The purpose of this would be to see if the results are
different when a group completes the review as a group, instead of individually
as done in this thesis.

During this thesis, we have seen that lack of good feedback has been a prob-
lem for both the individual and the group assignment. Therefore a future research
could be to see how students can be trained into giving good feedback in peer re-
views, and if this has any effect on the learning outcome for the students receiving
the feedback.

6.6 Concluding remarks

Overall peer review has a place in an educational setting, it offers an opportunity
to learn from other students. There are no strict rules for how to use peer review,
which allows the teacher to customize it to best fit the needed purpose.

While this thesis has looked into the difference between using peer review
for individual and group assignments, where peer reviews were performed by
individuals in both cases, there is also a possibility to perform the peer review as
a group for the group assignment.
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Appendix A

Additional Material

A.1 First draft of survey questions for individual assign-
ment
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Questions about assignment
1. Did you know about peer review before this assignment?

a. Yes
b. No

2. Have you performed a peer review before?
a. Yes
b. No

3. At what development skill level would you say you are at?
a. Beginner
b. Intermediate
c. Good
d. Profesjonell

4. Have you used the Code language GO before this assignment?
a. Yes
b. No

5. How hard would you say that this assignment was to complete?
a. Easy
b. Moderate
c. Hard

6. During this assignment did you ask other students for help?
a. Yes
b. No

7. During this assignment did you ask student teachers for help?
a. Yes
b. No

8. During this assignment did you ask the teachers for help?
a. Yes
b. No

9. During this assignment did you use the internet to look for help?
a. Yes
b. No

10. What did you think about the time given to complete this assignment? (From publish
date to deadline). Choose between good, moderate or bad time duration on
completing assignment.

a. Good (To much time)
b. Moderate (Ok time)
c. Bad (To short time)

11. Would you say that you have learned more about developing during this assignment?
a. Yes
b. No

12. Would you say that you have learned more about coding in GO?
a. Yes
b. No



Question about peer review
13. Did you like reviewing others' assignments?

a. Yes
b. No

14. Did you find it hard to review others' assignments?
a. Vert easy
b. Easy
c. Ok
d. Hard
e. Very hard

15. If you found it hard, was it because it was too complex or too messy?
a. To hard
b. To messy
c. Was not hard

16. From reviewing the code, did you learn something?
a. Yes
b. No

17. In future projects will you use / think about the things you learn from the reviewing to
advance your project?

a. Yes
b. No

18.

Questions about feedback
19. Have you read the feedback you received?

a. Yes
b. No

20. Did you like receiving feedback?
a. Yes
b. No

21. Did you find the feedback constructive?
a. Yes
b. No

22. From all the feedback you received, would you say?
a. All were bad
b. All were good
c. Some good and some bad

23. Was there any feedback that you disagree with?
a. Yes
b. No

24. Was there any feedback that you agree with?
a. Yes
b. No

25. Did you find the feedback you received help full?
a. Yes



b. No
26. Did you learn something from the feedback you received?

a. Yes
b. No

27. In future projects will you use / think about the things you learn from the feedback to
advance your project?

a. Yes
b. No

ChatGPT
1. To what extent did the peer review process help you understand the assignment

better?
a. Not at all
b. Somewhat
c. A lot

2. How confident do you feel about the assignment after going through the peer review
process?

a. Not confident at all
b. Somewhat confident
c. Very confident

3. How much did you learn from your peers during the review process?
a. Not much
b. Some

A lot
4. How helpful were the comments and suggestions provided by your peers during the

review process?
a. Not helpful at all
b. Somewhat helpful
c. Extremely helpful

5. In your opinion, did the peer review process improve the quality of the assignment?
a. No
b. Somewhat
c. Yes

6. Would you like to use peer review as a part of future assignments?
a. No
b. Maybe
c. Yes

7. Did participating in peer review increase your engagement with the assignment?
a. No
b. Somewhat
c. Yes

8. To what extent did the peer review process improve your critical thinking skills?
a. Not at all
b. Somewhat
c. A lot



9. Did the peer review process encourage you to revise your work based on feedback
received?

a. No
b. Somewhat
c. Yes

10. How much did the peer review process contribute to your overall understanding of
the subject matter?

a. Not much
b. Some
c. A lot

11. To what extent did you benefit from the peer review process in terms of your personal
and academic growth?

a. Not at all
b. Somewhat
c. A lot

12. Was the peer review process well-organized and effective in terms of time
management and resources?

a. Not at all
b. Somewhat
c. Yes

13. How helpful were your peers in finding and fixing errors in your code?
a. Not helpful at all
b. Somewhat helpful
c. Extremely helpful

14. Did the peer review process help you write more efficient and optimized code?
a. No
b. Somewhat
c. Yes

15. To what extent did the peer review process improve your understanding of good
coding practices and conventions?

a. Not at all
b. Somewhat
c. A lot

16. Did participating in the peer review process help you learn new programming
concepts and techniques?

a. No
b. Somewhat
c. Yes

17. How confident do you feel about the quality of your code after the peer review
process?

a. Not confident at all
b. Somewhat confident
c. Very confident

18. Did the peer review process encourage you to consider edge cases and corner
cases while writing code?

a. No
b. Somewhat
c. Yes



19. How helpful were your peers in explaining the reasoning behind their feedback and
suggestions for your code?

a. Not helpful at all
b. Somewhat helpful
c. Extremely helpful

20. Did the peer review process help you develop a better understanding of software
design patterns and architecture?

a. No
b. Somewhat
c. Yes

21. How helpful was the peer review process in terms of improving your debugging
skills?

a. Not helpful at all
b. Somewhat helpful
c. Extremely helpful

22. Did the peer review process help you write more readable and maintainable code?
a. No
b. Somewhat
c. Yes

23. To what extent did the peer review process help you learn about software testing and
verification?

a. Not at all
b. Somewhat
c. A lot

24. How helpful was the peer review process in terms of learning about code
collaboration and teamwork?

a. Not helpful at all
b. Somewhat helpful
c. Extremely helpful

25. How clear and specific were the comments and suggestions provided by your peers
during the review process?

a. Not clear at all
b. Somewhat clear
c. Extremely clear

26. Did you feel that the feedback received from your peers was constructive and helpful
in improving your code?

a. No
b. Somewhat
c. Yes

27. How much did you agree with the feedback received from your peers during the
review process?

a. Strongly disagreed
b. Somewhat disagreed
c. Agreed

28. Did the feedback received from your peers during the review process align with your
own understanding of the assignment and the code you wrote?

a. No
b. Somewhat



c. Yes
29. How helpful was the feedback received from your peers in terms of identifying and

fixing errors in your code?
a. Not helpful at all
b. Somewhat helpful
c. Extremely helpful

30. To what extent did the feedback received from your peers during the review process
contribute to your overall learning experience?

a. Not at all
b. Somewhat
c. A lot

31. How helpful was the feedback received from your peers in terms of learning new
programming concepts and techniques?

a. Not helpful at all
b. Somewhat helpful
c. Extremely helpful

32. Did you feel that the feedback received from your peers was timely and relevant to
the assignment at hand?

a. No
b. Somewhat
c. Yes

33. To what extent did you incorporate the feedback received from your peers into your
revised code?

a. Not at all
b. Somewhat
c. A lot

34. How helpful was the feedback received from your peers in terms of improving your
understanding of software design patterns and architecture?

a. Not helpful at all
b. Somewhat helpful
c. Extremely helpful

35. Did the feedback received from your peers help you write more efficient and
optimized code?

a. No
b. Somewhat
c. Yes

36. How much did the feedback received from your peers help you develop better
debugging skills?

a. Not at all
b. Somewhat
c. A lot

37. To what extent did you understand the assignment and the code you were reviewing?
a. Not at all
b. Somewhat
c. Completely

38. How much time did you spend reviewing the code of your peers?
a. Less than 30 minutes
b. 30 minutes to 1 hour



c. More than 1 hour
39. How helpful were the guidelines provided for performing the peer review?

a. Not helpful at all
b. Somewhat helpful
c. Extremely helpful

40. To what extent did you feel that the peer review process was a valuable learning
experience for you?

a. Not at all
b. Somewhat
c. A lot

41. How confident did you feel in providing constructive feedback and suggestions to
your peers during the review process?

a. Not confident at all
b. Somewhat confident
c. Extremely confident

42. How helpful was the peer review process in improving your understanding of
software design patterns and architecture?

a. Not helpful at all
b. Somewhat helpful
c. Extremely helpful

43. To what extent did you learn new programming concepts and techniques while
reviewing the code of your peers?

a. Not at all
b. Somewhat
c. A lot

44. Did you feel that the peer review process was an effective way of identifying and
fixing errors in your peers' code?

a. No
b. Somewhat
c. Yes

45. How much did you enjoy performing the peer review for the assignment?
a. Not at all
b. Somewhat
c. A lot

46. To what extent did you feel that the peer review process helped you develop better
critical thinking skills in evaluating code and identifying potential problems?

a. Not at all
b. Somewhat
c. A lot

47. How much did you feel that the peer review process helped you improve your
communication skills in explaining technical concepts and making suggestions?

a. Not at all
b. Somewhat
c. A lot

48. To what extent did you feel that the peer review process helped you develop better
collaboration skills with your peers?

a. Not at all
b. Somewhat



c. A lot
49. Did you feel that the peer review process was a fair way of evaluating your code and

the code of your peers?
a. No
b. Somewhat
c. Yes

50. How helpful was the peer review process in terms of improving the quality of your
code?

a. Not helpful at all
b. Somewhat helpful
c. Extremely helpful

51. Did you feel that the peer review process was an effective way of learning from the
code of your peers?

a. No
b. Somewhat
c. Yes

52. To what extent did you feel that the peer review process helped you develop a better
understanding of software development best practices?

a. Not at all
b. Somewhat
c. A lot

53. Did you feel that the peer review process was an effective way of ensuring that the
code was written in a clear and concise manner?

a. No
b. Somewhat
c. Yes

54. How much did you feel that the peer review process helped you develop better time
management skills in completing the review and incorporating feedback into your
code?

a. Not at all
b. Somewhat
c. A lot

55. To what extent did you feel that the peer review process helped you develop better
problem-solving skills?

a. Not at all
b. Somewhat
c. A lot

56. How much did you feel that the peer review process helped you improve your ability
to debug code and identify errors?

a. Not at all
b. Somewhat
c. A lot

57. Did you feel that the peer review process helped you develop better coding habits?
a. No
b. Somewhat
c. Yes

58. To what extent did you feel that the peer review process helped you improve your
ability to write efficient and optimized code?



a. Not at all
b. Somewhat
c. A lot

59. Did you feel that the peer review process was an effective way of improving the
overall quality of the assignment submissions?

a. No
b. Somewhat
c. Yes

60. To what extent did you feel that the peer review process helped you gain a better
understanding of how to work as part of a team on a software development project?

a. Not at all
b. Somewhat
c. A lot
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A.2 Final version of survey questions for individual as-
signment



Questions for survey 1 - Individual assignment
1. What is your previous experience with peer review?

a. No experience at all
b. Have heard about it
c. Have done 1 before
d. Have done 2-3 before
e. Have done more than 3 before

2. How effective was the peer review to reflect on the overall quality of the assignment
submission?

a. Not effective at all
b. Slightly effective
c. Moderately effective
d. Very effective
e. Extremely effective

3. To what extent did you understand the code you were reviewing?
a. Did not understand anything
b. Understand very little
c. Understand a moderate amount
d. Understand a lot
e. Understand completely

4. How helpful was the feedback received from your peers in terms of learning new
programming skills?

a. Not helpful at all
b. Slightly helpful
c. Moderately helpful
d. Very helpful
e. Extremely helpful

5. To what extent did you learn new programming concepts and techniques while
reviewing the code of your peers?

a. Did not learn anything
b. Learned very little
c. Learned a moderate amount
d. Learned a lot
e. Learned a great deal

6. How helpful was the feedback received from your peers in terms of identifying and
fixing errors in your code?

a. Not helpful at all
b. Slightly helpful
c. Moderately helpful
d. Very helpful



e. Extremely helpful

7. How helpful were the explanations provided in the feedback you received, in terms of
clarifying the reasoning behind the suggestions and comments on your code?

a. Not helpful at all
b. Slightly helpful
c. Moderately helpful
d. Very helpful
e. Extremely helpful

8. Did knowing about participating in peer review increase your engagement with the
assignment?

a. Did not increase engagement at all
b. Slightly increase engagement
c. Moderately increase engagement
d. Very much increase engagement
e. Greatly increase engagement

9. How much time did you spend reviewing the code of your peers?
a. Less than 30 minutes
b. 30 minutes to 1 hour
c. 1 hour to 2 hours
d. 2 hours to 3 hours
e. More than 3 hours

10. To what extent did the peer review process improve your critical thinking?
a. Did not improve at all
b. Slightly improved
c. Moderately improved
d. Improved a lot
e. Improved significantly

11. To what extent did you benefit from the peer review process in terms of your
professional growth?

a. Did not benefit at all
b. Slightly benefited
c. Moderately benefited
d. Benefited a lot
e. Benefited significantly

12. How much did you agree with the feedback received from your peers during the
review process?

a. Did not agree at all
b. Slightly agreed
c. Moderately agreed
d. Mostly agreed
e. Completely agree



13. How confident did you feel in providing constructive feedback and suggestions to
your peers during the review process?

a. Not confident at all
b. Slightly confident
c. Moderately confident
d. Very confident
e. Extremely confident

14. How much did you feel that the peer review process helped you improve your
communication skills in explaining technical concepts and making suggestions?

a. Did not help at all
b. Slightly helped
c. Moderately helped
d. Very much helped
e. Extremely helpful

15. Was the peer review process a fair way of evaluating your code and the code of your
peers?

a. Not at all fair
b. Slightly fair
c. Moderately fair
d. Very fair
e. Extremely fair

16. How much did you feel that the peer review process helped you improve your ability
to debug code and identify errors?

a. Did not help at all
b. Slightly helped
c. Moderately helped
d. Very much helped
e. Extremely helpful
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A.3 Final version of survey questions for group assign-
ment



Questions for survey 2 - Group assignment
1. What is your previous experience with peer review?

a. No experience at all
b. Have heard about it
c. Have done 1 before
d. Have done 2-3 before
e. Have done more than 3 before

2. How effective was the peer review to reflect on the overall quality of the assignment
submission?

a. Not effective at all
b. Slightly effective
c. Moderately effective
d. Very effective
e. Extremely effective

3. To what extent did you understand the code you were reviewing?
a. Did not understand anything
b. Understand very little
c. Understand a moderate amount
d. Understand a lot
e. Understand completely

4. How helpful was the feedback received from your peers in terms of learning new
programming skills?

a. Not helpful at all
b. Slightly helpful
c. Moderately helpful
d. Very helpful
e. Extremely helpful

5. To what extent did you learn new programming concepts and techniques while
reviewing the code of your peers?

a. Did not learn anything
b. Learned very little
c. Learned a moderate amount
d. Learned a lot
e. Learned a great deal

6. How helpful was the feedback received from your peers in terms of identifying and
fixing errors in your group's code?

a. Not helpful at all
b. Slightly helpful
c. Moderately helpful
d. Very helpful



e. Extremely helpful

7. How helpful were the explanations provided in the feedback your group received, in
terms of clarifying the reasoning behind the suggestions and comments on your
group’s code?

a. Not helpful at all
b. Slightly helpful
c. Moderately helpful
d. Very helpful
e. Extremely helpful

8. Did knowing about participating in peer review increase your engagement with the
assignment?

a. Did not increase engagement at all
b. Slightly increase engagement
c. Moderately increase engagement
d. Very much increase engagement
e. Greatly increase engagement

9. How much time did you spend reviewing the code of your peers?
a. Less than 30 minutes
b. 30 minutes to 1 hour
c. 1 hour to 2 hours
d. 2 hours to 3 hours
e. More than 3 hours

10. To what extent did the peer review process improve your critical thinking?
a. Did not improve at all
b. Slightly improved
c. Moderately improved
d. Improved a lot
e. Improved significantly

11. To what extent did you benefit from the peer review process in terms of your
professional growth?

a. Did not benefit at all
b. Slightly benefited
c. Moderately benefited
d. Benefited a lot
e. Benefited significantly

12. How much did you agree with the feedback received from your peers during the
review process?

a. Did not agree at all
b. Slightly agreed
c. Moderately agreed
d. Mostly agreed



e. Completely agree

13. How confident did you feel in providing constructive feedback and suggestions to
your peers during the review process?

a. Not confident at all
b. Slightly confident
c. Moderately confident
d. Very confident
e. Extremely confident

14. How much did you feel that the peer review process helped you improve your
communication skills in explaining technical concepts and making suggestions?

a. Did not help at all
b. Slightly helped
c. Moderately helped
d. Very much helped
e. Extremely helpful

15. Was the peer review process a fair way of evaluating your group's code and the code
of your peers?

a. Not at all fair
b. Slightly fair
c. Moderately fair
d. Very fair
e. Extremely fair

16. How much did you feel that the peer review process helped you improve your ability
to debug code and identify errors?

a. Did not help at all
b. Slightly helped
c. Moderately helped
d. Very much helped
e. Extremely helpful

17. How would you rate your own level of participation and contribution to the group
project?

a. No contribution at all
b. Slightly contributed
c. Moderately contributed
d. Very contributed
e. Extremely contributed

18. How do you prefer to learn: by working individually or in a group?
a. Strongly prefer working individually
b. Somewhat prefer working individually
c. Neutral or no preference
d. Somewhat prefer working in a group



e. Strongly prefer working in a group

19. How much do you feel you learn from doing an individual assignment versus a group
assignment?

a. Learn much more from individual assignments
b. Learn somewhat more from individual assignments
c. No difference
d. Learn somewhat more from group assignments
e. Learn much more from group assignments

20. To what extent do you think there were unequal contributions in your group?
a. Contributions were completely equal among all group members
b. Contributions were somewhat unequal, but the impact was negligible
c. Contributions were moderately unequal, and this had some impact
d. Contributions were significantly unequal, and this had a noticeable impact
e. Contributions were extremely unequal, resulting in some members carrying

the majority of the workload
21. Did working in a group increase your engagement with the assignment?

a. Did not increase engagement at all
b. Slightly increase engagement
c. Moderately increase engagement
d. Very much increase engagement
e. Greatly increase engagement

22. Was there any difference in reviewing an individual assignment versus a group
assignment?

a. No difference at all
b. Minor differences
c. Moderate differences
d. Significant differences
e. Completely different

23. Was there any difference in receiving reviews for an individual assignment versus a
group assignment?

a. No difference at all
b. Minor differences
c. Moderate differences
d. Significant differences
e. Completely different

24. Do you have any comments about the new group functionality to CSAMS?
Something you liked or something you did not like? (Optional to answer)

a. Text answer
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A.4 Overview assignment 1

Figure A.1: Overview of assignment 1. Picture was taken of the assignment given
to the students [32]

A.5 Overview assignment 2
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Figure A.2: Overview of assignment 2. Picture was taken of the assignment given
to the students [33]

A.6 Results and comments from survey 1
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Figure A.3: Results from survey 1. Question 1 to 5

A.7 Results and comments from survey 2
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Figure A.4: Results from survey 1. Question 6 to 10
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Figure A.5: Results from survey 1. Question 11 to 15

Figure A.6: Results from survey 1. Question 16
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Figure A.7: Comments from survey 1. Question 1 to 4

Figure A.8: Comments from survey 1. Question 5 to 8
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Figure A.9: Comments from survey 1. Question 9 to 12

Figure A.10: Comments from survey 1. Question 13 to 16
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Figure A.11: Results from survey 2. Question 1 to 5

Figure A.12: Results from survey 2. Question 6 to 10
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Figure A.13: Results from survey 2. Question 11 to 15

Figure A.14: Results from survey 2. Question 16 to 20
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Figure A.15: Results from survey 2. Question 21 to 23

Figure A.16: Comments from survey 2. Question 1 to 4
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Figure A.17: Comments from survey 2. Question 5 to 9

Figure A.18: Comments from survey 2. Question 10 to 15
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Figure A.19: Comments from survey 2. Question 16 to 20

Figure A.20: Comments from survey 2. Question 21 to 24
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