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Abstract. Peer Code Review (PCR) is a professional practice and a learning
method. A case study on PCR was conducted in a “Programming Languages”
course in the fall semester of 2023 at the Norwegian University of Science and
Technology (NTNU). A new protocol for peer code review was implemented
where the students received a suggested solution and instructor feedback on their
solutions before reviewing their peers’ solutions. The motivation for the protocol
was to reduce the students’ cognitive load, allowing them to focus on assessing
the code produced by their peers. A survey among the students showed that they
engaged in PCR and found the workload reasonable. The survey also indicates
that students found the review work an opportunity for learning even under the
new protocol.
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1 Introduction

Peer Code Review (PCR) is a collaborative process used in the IT industry to im-
prove code quality when code is integrated into the codebase [8]. PCR is also practiced
in academia to reduce instructors” workload, build soft skills, train students in giving
and receiving feedback, increase their engagement in the course, and, most importantly,
involve students in the feedback process [6].

The ability to understand and enhance the code developed by others is essential [17]
and makes the integration process easier when fresh graduates join a team involved in
an ongoing project [5]. Therefore, PCR is used in a pedagogical setting to give students
hands-on experience in scrutinizing the code of their peers [13, 14]. Moreover, practic-
ing PCR at the university provides students with training that is aligned with industry
requirements [15]. PCR not only reduces the workload of educators [7] but also boosts
students’ confidence in their coding skills, deepens their knowledge, and enhances their
engagement in their studies [6, 10, 23]. In addition to learning to write quality code, it
can also be used in educational settings to provide a way to improve the soft skills and
critical thinking abilities in students by requiring students to analyze code, identify er-
rors, and suggest solutions and giving them a chance to deepen their knowledge on the
specific topic of the course [23]. Moreover, giving and receiving feedback enhances the
learning experience of students [1, 16]. Studies show that the students spend extra time



understanding the topics, increasing their engagement in the course [14]. Lastly, the
PCR activity is a student-centric learning activity that can be successfully used to
achieve the ILO of programming courses [26].

Along with the potential benefits of PCR for educators and students, specific chal-
lenges are associated with peer code review. These challenges at the student end are a
lack of knowledge or ability to perform peer code reviews, low learning engagement,
and low review quality [10]. The authors [15] reported that students were reluctant to
provide feedback on their peers’ code due to concerns about their coding experience
and validity, reliability, bias, and fairness. According to [13] the challenges associated
with PCR, students think they are not competent enough to review code produced by
their peers and that the peer assessment activities are considered extra workload, etc.

PCR in educational settings may also act as a form of peer assessment. There are
various ways to implement peer assessment in courses [21]. This paper reports on a
programming languages course combining PCR with regular assignments to enhance
student engagement and deepen their knowledge. PCR was framed to reduce the cog-
nitive load on students and to avoid assigning much extra work for the students. To do
this, we revised the PCR protocol: students were given suggested solutions and instruc-
tor feedback on their solutions before reviewing their peers’ solutions to the assign-
ment. This approach reduces cognitive load by easing the burden of finding working
solutions. This paper investigated whether the new protocol would compromise the
positive aspects of PCR, such as engagement and learning through PCR. We also aimed
to find the student perspective on various issues of PCR (e.g., the difficulty of under-
standing and evaluating the code of others, the time required to perform PCR, etc.). We
also compared the assignments that were failed by the ones failed by the instructor to
ensure the accuracy of the PCR output. After performing PCR, the students were asked
to complete a survey. The data gathered in the survey was analyzed to answer the fol-
lowing research questions related to the new PCR protocol:

RQ1. How did the PCR activity impact the student’s engagement in the course?

RQ2. How did the PCR activity impact the students’ assessment of their work?

RQ3. How do the students rate the importance of the various PCR issues?

The rest of the paper is organized as follows: Section 2 presents background
knowledge, Section 3 presents the design of the new PCR process and the related basic
conceptual framework, Section 4 elaborates on the survey process and the double
blinded peer code review assignment, Section 5 presents the results gathered during this
study, in Section 6 the results are discussed, and Section 7 concludes this paper and
presents some potential future directions.

2 Background

Topping [21] reported that students experience high cognitive load during PCR due to
task complexity. Moreover, students may feel that they are not sufficiently competent
to perform peer assessment [10, 14], mainly due to a lack of knowledge. A conventional
PCR protocol, see [9, 15, 21, 24], has the following steps: 1. The teacher opens an
assignment. 2. The students submit their solutions to the LMS. 3. The teacher



distributes the assignments among the peers, possibly after anonymizing the solutions,
depending on the policy of institute or country. The teacher may also provide guidelines
for the review task. 4. The students submit the reviews to the LMS. The students may
then access the reviews. Some variants of the PCR protocol allow students to improve
their work after participating in the PCR. The quality and accuracy of the reviews are
two significant concerns educational researchers and educators [13, 21, 20] raised about
this conventional protocol. In peer review, the cognitive load added by the peer review
task comes on top of the cognitive load of solving the assignment [21]. The complexity
of the assignment should, therefore, not be too complex.

In this study, we used our newly designed protocol, where students had feedback on
their own assignment and a suggested solution before performing PCR. The proposed
solution reduces the complexity of the peer code review and the cognitive load.

3 The Intervention

3.1 Conceptual Framework

Researchers in higher education have been studying student engagement and how it can
be increased to achieve the intended learning outcomes (ILOs) [22].
The conceptual framework of this study is based on applied learning experiences and
active and collaborative learning. Social constructive alignment is used as a lens to
study the impacts of the new PCR protocol. This framework has three essential parts:
ILOs, Teaching and Learning Activities (TLAs), and Assessment Tasks (AT) [2].
PCR is a student-centric approach to achieve ILOs, where students participate in
code writing, code analysis, and feedback exchange. In programming courses, PCR
supports ILOs like writing, compiling, debugging, and providing alternative solutions
[26]. Social constructive theory already works as a reference for peer review, peer re-
view in group-based project, and problem-based learning. Social constructive theory
informs peer review, group projects, and problem-based learning, and PCR enhances
participation and engagement [11, 22].

3.2 The PCR Protocol

Figure 1, illustrates the process for evaluating the intervention or new PCR protocol,
outlining key steps involved in the process of PCR assignment. The process begins with
the instructor publishing the assignment and guidelines, followed by the students work-
ing on and submitting their solutions. After submission, the instructor team reviews the
submissions, provides feedback to each student individually, and provides comments.
These comments are then published, and each student can view feedback on their own
assignment. After that, students are given access to both the solutions and guidelines.
Assignment number 2 is anonymized, and each student gets one of the peer assignments
for review. In the peer review process, students double-blinded review their peers’
assignments. Throughout the process, comments and feedback from the instructor and
from the peer are shared with the students who was owner of assignment. Finally, stu-
dents filled out a survey to provide feedback on peer code and experience of the PCR



activity using Nettskjema!. The comments on the peer assignment are then extracted
from each survey and redistributed to the student who was the owner of the assignment.
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Fig. 1. Peer-Review Protocol

Review Prepare solution

This approach differs from conventional PCR activities as it emphasizes structured
interactions between students and the teaching team at multiple stages. One key differ-
ence is the involvement of an external tool (Nettskjema) to gather feedback through
surveys, also helped to analyze the survey answers. Additionally, the model provides
a more guided experience by supplying students with an example solution and guide-
lines (Appendix B gives an overview of guidelines), which can reduce the cognitive
workload as compared to conventional PCR, where students are often asked to evaluate
the peer code without an exemplary solution or prior feedback from instructors. This
method helps students focus on critical thinking (in the context of debugging and code
review) and providing constructive feedback rather than spending excessive time iden-
tifying errors.

4 Method

The PCR was orchestrated by a survey hosted on Nettskjema. In this survey, stu-
dents were asked to blindly review the code assignment of one of their peers. After
completing the review, they filled out the survey with open-ended and Likert scale
questions. We examined the results of this survey across three phases of peer

! https://nettskjema.no/



assessment: Previous Experience (previous experience of peer assessments), Process
(peer code review process), and Reflection on the PCR. These stages are explained
briefly in the following subsections.

4.1 Previous experience

The questions for this stage focused on the students' prior experience with PCR. The
survey also included five questions about the students’ views on PCR, covering topics
like its impact on critical thinking, engagement, self-assessed competency, and on
providing constructive feedback. Responses were typically yes, neutral, or no. Appen-
dix A lists the close-ended questions for this age. The open-ended questions addressed
the workload of PCR assignments and students' opinions on what constitutes a fair
workload, e.g., a PCR assignment should be equal to the workload of one assignment
or given weightage of more than one assignment.

4.2 Process

In the process stage, we provided students with review guidelines and peer code
review questions. They were asked to review Assignment 2, while the review was part
of Assignment 4. Each student received an anonymized submission for evaluation. The
review included open-ended and rating questions, with ratings on a scale from 1 (very
poor) to 5 (very good), as outlined in Appendix A. The open-ended questions aimed to
encourage students to produce constructive feedback to their peers. The reviewers' re-
sponses were shared anonymously with the original authors. Sample review answers,
not based on actual assignments, were provided to illustrate constructive and non-con-
structive feedback in the guidelines, see Appendix B.

4.3  Reflection on the performed PCR

In this stage, we examined how much extra time students spent to broaden their
knowledge, their opinions on the provided feedback, and their expectations of feedback.
The question about "time spent" aimed to assess how PCR impacts course engagement,
contributing to RQ1. For RQ2, we asked students what changes they would make if
having the chance to resubmit their assignments and reflecting the valuable insights and
deeper understanding they've gained through reviewing their peers' code. Students also
rated various PCR-related issues (see RQ3) from 1 (most important) to 5 (least im-
portant see Appendix A), based on a shortlist from [12, 21]: 1) Difficulty of understand-
ing others code, 2) Difficulty to evaluate other code. 3) Giving more weight to PCR
assignment, 4) More time to conduct a PCR Assignment, 5) Tools to facilitate the pro-
cess, and 6) Training and guidelines. Finally, we asked the students to suggest how the
PCR process could be improved.

5 Results

Survey responses from all three parts were analyzed, using descriptive statistics for
the Likert scale questions and inductive thematic analysis for the open-ended questions.



Out of 107 students enrolled in the course, 58 students performed PCR and filled out
the survey. Out of 58 respondents, 49 consented to having their responses to open-
ended questions available for research. For the Likert scale analysis, all 58 responses
were included, while the open-ended question analysis was based on the 49 students
who provided consent.

5.1  Previous experience

As mentioned above, the first section of the survey focused on students' prior expe-
rience with PCR and the activities they performed. We found that 31% had previously
participated in peer review. Regarding programming languages, 67%, 44%, 11%, 5%,
and 5% of students had done PCR in JavaScript, Java, Python, C, and C++, respectively,
while 28% used other languages. In their previous PCR experiences, 83% assessed code
correctness and formatting, 56% evaluated program efficiency, 28% checked object-
oriented concepts, and 16% reviewed functional programming. Only 5% assessed user
interfaces, and 22% couldn't recall specific PCR activities they performed in PCR.

Are you competent to perform PCR - _
PCR is good way for constructive feedback - _
PCR enhances learning experience I _
PCRincreases engagement in course - _
PCRincreases critical thinking I _

-40% -20% 0% 20% 40% 60% 80% 100%

mNo - Neutral mYes

Fig. 2. Impact of PCR and competence of respondent
The students also rated PCR’s impact on their critical thinking, engagement, learning,
constructive feedback, and their confidence in performing PCR. Figure 2 displays these
results, with negative values in red on the left for “No” responses, positive values in
green on the right for “Yes,” and neutral responses in the middle.

An open-ended question regarding the previous experience stage asked whether the
workload of the PCR assignment was comparable to that of a regular assignment. The
inductive thematic analysis of the responses revealed that the perceived workload var-
ied depending on the actual solution a student gets for review. Here are some sample
responses:

“In general, yes, but it depends on the size of the assignment to be reviewed. Obvi-
ously, if the assignment is huge and not well documented it is going to take a lot of time
deconstructing the code before reviewing it, and in contrast it is going to take a lot less
time if it is short and well documented. I do think peer review is a useful tool for learn-
ing diverse ways to solve the same problem though, and that smaller, but more frequent
peer reviews are better than one singular big one.”
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Fig. 3. Students rating of general characteristics of peer assignment
“Yes, in my opinion reviewing one assignment is a fair workload distribution of
giving comments on my peers' work. It depends on the magnitude of the assignment,
but in this case, it is fair. Additionally, it allows for a more thorough and thoughtful
review process, benefiting both the reviewer and the author of the assignment.”

5.2 Process

We provided students with a guidelines (See Appendix B) to assist them to give
constructive feedback. They were asked to rate, on a Likert scale, the quality of the
reviewed assignment, code readability, proper use of functional programming concepts,
and the quality of the defined grammar. Students were then asked to report any prob-
lems they encountered during the peer assignment. Here are some quotes from their
responses:

“I don't find any error. All the functions run correctly, and the output shows the
correct answers for each of the three tasks.”

“No problem or error, I just had to replace the path to code.”

“No immediate issues were found, both task 1 and task 2 ran successfully. There was
a large amount of duplicates in the code for task 1 which could have been erased, as
each sub-tasks reintroduced functions from previous sub-tasks, reducing the readability
of the code”.

The next set of questions involved comparing the submitted assignment solutions to
the suggested solutions provided by the instructor team and to the students' own solu-
tions. This comparison was conducted separately for each question, resulting in two
responses from each student for every question.

Comparison between own assignment and the one reviewed: “My solutions focus
more on creating internal functions to the declared functions. One example here is the
"Calculate" function my colleague has created. It can (although it does not have to) be
defined as an internal function to the "Interpret" function. It makes more sense to it like
this since the "Calculate" function is not needed anywhere else for now. Likewise in
my implementation I could have split the "InterpretStack" internal function of the "In-
terpret" function, into more functions to express the intention of my code and its overall
readability more clearly.”

“The review code is much more compact than mine thanks to clever use of case
statements and by using the "FoldL" function in "Interpret" to accumulate the list.”



“My colleague's solution is much shorter and simpler, and thereby more favorable
here I would argue. Specifically, the ways lists are manipulated is very elegant and
something I certainly will apply to my coming assignments.”

“My code reuses the "Lex" and "Tokenize" functions from task 1 to produce a list of
tokens. The review code creates new functions to perform this same task”

Comparison between published solution and for the one reviewed: “The pub-
lished solution uses the "Push", "Peek", "Take" and "Drop" functions from assignment
1 to interact with the stack. The review code, however, does not use them at all, and
relies on pattern matching and the "|" syntax instead”

“Fancy pattern matching, and very functional logic. It is worth mentioning that the
solution also does more error-handling, in both Task 1 and 2”

In the assignment, we assessed whether students could pass a function as an argu-
ment and return a function as a result, both of which are examples of higher-order pro-
gramming. Students were asked to critically analyze whether the assignments they were
reviewing utilized higher-order programming concepts.

“I would not say higher order programming is not used here because no function is
strictly passed as arguments. Instead, the result of called functions is passed as argu-
ments to functions”

“Yes, but too a much lesser extent then my code and the published code.”

The students are much stricter than the instructor team.

Students were asked to provide some constructive feedback for question number 3
where they question is regarding grammar.”

“I think the formatting of the grammar could be tidier and easier to read if a markup
language was used instead of markdown” “The grammar would be more readable if the
author had chosen more descriptive names. "pd" for example is more cryptic than
"num" when describing a number.”

“Very good response! The only thing I see is that in Task 3c, it states that task a is
context-free. According to the solution on LMS, a is a regular grammar. Otherwise, it
seems like the student understands how to formally describe the grammar.”

Finally, we asked students whether the assignment should be accepted as a pass and
to provide justification if they felt it should not be accepted. The analysis revealed that
students offered well-reasoned critiques, demonstrating their ability to critically ana-
lyze the code. This indicates that students can effectively serve as peer reviewers, up-
holding high-quality standards.

“Task 1 is completely correct and working and task 3 is answered. But Task 2 seems
to not have a valid attempt. This means that the requirements of the assignment are not
met, and thus the assignment should not be given a pass. Had the student explained
their thought process on Task 2 more this might have been a pass.”

“While I would give the code a pass, the missing formal notation and (E)BNF in task
3, makes the submission "not accepted".

5.3  Reflection on the performed PCR

The last part of the survey focused on students' reflections on the PCR process and
their perspectives on various PCR issues. The first question asked how much extra time



students spent reviewing or deepening their knowledge on the assignment topics (see
RQ1). 71% reported spending extra time. When asked if PCR deepened their
knowledge of the course topics, 72% of students answered that it did.

Students were also asked if they would like to make changes to their assignment
solution after participating in the PCR activity and whether these changes were related
to the assignment they reviewed (see RQ2). About 88% indicated they wanted to make
changes, attributing these to insights gained from the review. Here are some of their
responses:

“I have learned that there are different notations for grammar, beyond BNF and
EBNF, as well as that there are more efficient ways of performing the assignment (such
as not having long "if-elseif statements"). In addition, I have learned that there are
shorter ways of writing the same code.”

“I will definitively try to find more places to treat the control-statements of the Oz-
languages as values to minimize some code, and I will begin to weed out edge-cases
before doing pattern matching, instead of doing that while pattern-matching. I have
found that to be much more readable.”

“I would change some of my code to better use pattern matching, which I learnt from
the code I was reviewing.”

“I now understand better how I can handle lists in Oz so I can make my programs
shorter and more readable.”

“The assignment I reviewed made me realize I made some errors in my own assign-
ment, which I do think was surprisingly educational.

“Yes, I have gained a more comprehensive understanding of the topics and see mis-
takes I made in the assignment that I wasn't aware of when I first submitted it.”
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Fig. 4. Peer Code Review Issues on the Likert Scale

Figure 4 and Table 1 present the ratings from the Likert scale and descriptive statis-
tics regarding various PCR issues from the students' perspectives, where 1 is most im-
portant and 5 is least important (see RQ3). The results indicate varied viewpoints on
the importance and difficulty of these issues. High mean values for “Difficulty to un-
derstand the code of others” and “Difficulty to evaluate the code of others” suggest that
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many students viewed these as neutral or less important. In contrast, factors like “Tools
to facilitate the process,” “Detailed guidelines,” and “Training” had lower mean values,
indicating high importance from the students' perspective. The standard deviations re-
flect moderate variability in student responses. The median values giving an insight of
central tendency, the values shows that what was the most common response of students
for a specific issue.

Table 1. Descriptive Statistic of Likert Scale Questions

Factors Mean | Median | Standard Deviation

1 | Difficulty to understand others code 24 2 1.1

2 | Difficulty to evaluate other code 3.0 3 0.97
3 | Giving More weight to PCR Assignment 3.6 4 0.85
4 | More time to perform PCR Assignment 3.6 4 0.90
5 | Tools to facilitate the process 2.0 2 0.91
6 | More training 24 2 1.02
7 | Detailed guidelines 2.6 3 1.04

6 Discussion

Most students claimed they had no former performed peer review experience, even
though peer review should be a mandatory activity in some of the previous courses. As
discussed in the results section, Figure 2 shows that about 50% of students felt compe-
tent enough to perform PCR, while 35% remained neutral and 15% did not feel com-
petent. A known barrier to PCR is students' lack of confidence in their abilities [13].
However, this study indicates that students are confident in their competency, suggest-
ing that the newly designed PCR protocol may improve their self-efficacy and may
contribute to overcoming this barrier.

In our study, 55% of students considered PCR a suitable method for obtaining con-
structive feedback, with 35% neutral and 10% lacking confidence. These findings align
with [7, 19, 24] suggesting that PCR can effectively provide constructive feedback.
Thus, we successfully addressed barriers without compromising the positive aspects of
PCR, such as learning through peer feedback. A significant majority, about 85%, and
75% agreed that PCR increases critical thinking and enhances the learning experience.
Our results indicate that PCR positively impacts the learning process in programming
courses when students are not overwhelmed by the task of determining what reasonable
solutions should look like. The newly designed protocol tries to reduce cognitive load
by providing students feedback on their own assignments and suggested solutions be-
fore reviewing other students’ work. This encourages students to deepen their
knowledge of the assignment topics and spend extra time studying while reviewing.
The responses to the open-ended question about workload indicate that students find
the workload reasonable when the work to be reviewed is well-documented, minimiz-
ing the extra time needed to understand the code being reviewed. Thus, the workload
seems highly dependent on the code they receive for review.



11

In the first step of the review, students evaluated various aspects of the assignments,
including overall quality, grammar, the extent of functional programming applied, and
code readability, as shown in Figure 3. The anonymity of the assignments aimed to
minimize bias in ratings. Positive ratings emerged, with about 73% of students rating
the grammar as good or very good and approximately 80% rating the extent of func-
tional programming positively. The grammar reviewed by students was formal gram-
mar, which is one of the topics of the course and is used to define the syntax of pro-
gramming languages. The question asked students to rate the grammar delivered by
their peers. The collective ratings for overall quality and readability were 82% and 75%,
respectively; only a few grammars were given low ratings. However, when asked about
using higher-order programming (HOP), only 43% agreed that it was utilized, while
57% did not view the reviewed assignment code as using HOP. This indicates that stu-
dents were quite critical in their assessments. These results may contradict those pre-
sented in other studies [3, 4], which claimed that students tended to give more positive
reviews than the instructor.

Students were asked to compare the assignment solution they reviewed with their
own and the instructor's solution. Many students demonstrated a positive attitude to-
ward accepting critical feedback to their own code. They responded positively by using
peer and instructor solutions to identify errors and weaknesses in their own solutions.
This feedback acceptance indicates learning through PCR. Some students also asserted
that their own code was better than the code they reviewed, reflecting confidence in
their own competence. These comparisons suggest that students learned collaboratively
by engaging with each other's work [2] and demonstrated increased engagement [11,
22]. PCR facilitates community engagement and helps achieve course ILOs [25]
through collaborative feedback. Additionally, it fosters dialogue among learners and
integrates interactive technologies like Nettskjema and the LMS at NTNU.

PCR is a student-centric learning activity where students assess each other's code.
Successful PCR requires significant time and cognitive effort. In this study, students
reflected on their own solutions, leading to increased behavioral and cognitive engage-
ment. RQ1 focuses on PCR's impact on engagement. Notably, 71% of students reported
spending extra time to broaden their knowledge and fulfill their role as assessors, while
72% indicated that they deepened their understanding of the assignment topics. This
demonstrates that PCR activities enhance engagement, supporting findings in [2, 6, 11,
23]. Therefore, PCR effectively increases engagement by encouraging students to in-
vest additional time in their assignments, as noted in [6, 14, 23]. So, the newly designed
protocol for PCR seemed to have positive effects on the student confidence (i.e., over-
coming one of the barriers of PCR) without negatively affecting the positive aspects of
PCR, such as engagement and learning through PCR. In our study, 56 students con-
cluded that the code they reviewed was good enough for passing the assignment and
that only two solutions were too weak for passing. The instructor team also failed these
two solutions while passing the other 56 solutions. This indicates that the newly de-
signed PCR protocol enabled students to provide valid and accurate assessments of
their peers' work.

RQ2 examines the impact of PCR on students' assessment of their own work. When
asked if they would change their assignment solutions if given the chance to resubmit
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and whether this change would be due to PCR, about 88% of students responded af-
firmatively, citing the reviewing activity as a source of alternative solutions. The results
show that students corrected their perceptions of the quality of their own assignment
solutions after participating in the PCR and that the review task helped them identify
errors and weaknesses in their code. Therefore, it seems that the PCR activities posi-
tively affected the course learning outcomes [25, 26] . Thus, our study suggests that the
new PCR protocol aligns with social constructive alignment [2].

To answer RQ3, we assessed the importance of various PCR issues, as rated by the
students [12, 21]. These issues include difficulty understanding and evaluating others'
code, PCR training, guidelines, tools, and assignment workload. Figure 4 presents stu-
dents' perspectives on these issues. A high mean value of 3.6 for factors such as the
need for more weight and more time for PCR assignments indicates that these are the
least important. The difficulty in evaluating others' code is rated as neutral, with a mean
of 3.0. Detailed guidelines, with a mean of 2.6, are considered somewhat important.
The difficulty in understanding others' code and the need for more training are rated as
significant, with a mean of 2.4. The most important factor is the availability of tools to
facilitate PCR, with a mean of 2.0. The median value of 2 for the difficulty in under-
standing others' code, tools, and training reflects the importance of these factors. Diffi-
culty in evaluating code and detailed guidelines have a median of 3, suggesting a neutral
stance, although most students rated guidelines as important. More time and weight for
assignments are the least important, with a median of 4. The high variance in ratings
for the difficulty of understanding code, guidelines, and training suggests that student
opinions on these issues are highly dispersed.

7 Conclusion

This study used social constructive alignment to examine the impact of a new pro-
tocol for PCR. The protocol, which was used in the “Programming Languages” course
at NTNU, had students review the solutions of peer students’ submitted assignments in
the course. In traditional PCR protocols, students need to analyze the code to be re-
viewed without having detailed reference points for the review. In the new protocol,
students received suggested solutions and feedback on their own solutions before re-
viewing their peers’ code. The objective was to reduce the cognitive load required for
students when reviewing the code developed by peers. A survey was conducted in
Nettskjema to evaluate whether the new protocol would reduce the cognitive load and
if the PCR activity still had positive effects on the students’ learning.

RQI focused on engagement. The results show that students invested time and effort
in deepening their knowledge. Students expressed a desire for more PCR assignments
and an appreciation for developing critical analysis skills and their involvement in the
evaluation process. These results align with the results shown for traditional PCR pro-
tocols [1, 2, 6]. RQ2 explored student learning. Nearly 90% of the students participating
in the survey indicated they would modify their assignments after PCR, where they got
to see and judge alternative solutions. Hence, the new protocol seemed to have a posi-
tive influence on learning and self-assessment. RQ3 studied how students rate known
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PCR issues when following the new protocol. The students identified tools, training,
and guidelines for effective peer review as more important. At the same time, time spent
on PCR and the weighting of the PCR activities within the course were considered less
important. Future work will involve gathering instructor and educator perspectives
through interviews and focus groups to improve the understanding of PCR and its chal-
lenges.
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Appendix A
Table 1. Previous experience Questions
1 | Do you think peer evaluation increases critical thinking?
2 | Do you think peer evaluation increases engagement in the course?
3 | Do you think peer evaluation enhances the learning experience?
4 | Do you think peer evaluation is a good way to get constructive feedback?
5 | Do you feel you are competent enough to perform peer evaluation

Table 2. Likert Scale Questions for the PCR Process

1 | Rate the overall quality of the delivery

2 | Rate the readability of the code

3 | Rate the extent to which functional programming concepts have been applied
in the code

4 | Rate the grammar defined in the delivery. Consider correctness of the notation
and ability to represent the strings they are meant to represent.

Table 3. Likert Scale Questions for the PCR Reflection

Rate the importance of PCR issues from 1 to 5, where 1 is most important and
5 is least important

1 Difficulty to understand others code

2 Difficulty to evaluate other code

3 Giving More weight to PCR Assignment
4 More time to perform PCR Assignment
5 Tools to facilitate the process
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Appendix B

Table 1. Guidelines to distinguish between Constructive and

Non-Constructive feedback

Question Non-Construc- Constructive Feed-
tive Feedback back

What did you It is good This delivery uses

like about this proper indentation in

submission? defining the cases and

pattern matching, so it
is easy to understand
what the possible val-
ues are returned by the
function.

Describe one
significant dif-
ference between

My code is faster.

My code is short,

does the same bet-

The author’s code
needs more iterations
than mine, so my code

your own sub- ter is more efficient for

mission and the module XYZ

one you get for

review.

How the code Not enough docu- The author should add

can be im- mentation. the proper indentation

proved? I don’t understand in function ABC.

the code. The functions named

XYZ and TRQ are
performing the tasks
so one of them should
be removed.

Did you find Function ST is not Function ST when as-

any error? If so, working signed 0 as second ar-

briefly describe guments crashes, as it

them. is used as a denomina-
tor. Proper exception
handling is thus re-
quired.

Do you have This code is per- The base case for re-

other construc-
tive feedback
for the author?

fect

cursion in function
ABC could be defined
in a simpler way. In
particular...
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Do you think it
should be ac-
cepted? Explain
your reasoning.

It is not working.

It should be accepted
but functions STV and
ATR should be im-
proved, because they
provide incorrect out-
put for inputs XYZ




