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Abstract—The work presented in this Full Paper is cate-
gorized as Innovative Practice, as per FIE guidelines. This
project is based on data collected from two coding-intensive
courses in an engineering program at a mid-sized, open-
enrollment primarily undergraduate institution (PUI). No-
tably, the engineering curriculum does not include an intro-
ductory programming course.

In both courses, groups of students worked on engineering
problems using code, after which they presented their initial
drafts to the entire class. Their peers, watching the presen-
tations, were asked to provide written feedback in the form
of 4 objective questions and 3 short, essay-type responses.

A thematic analysis of the essay-type responses indicates
that the prompts determined what the responses were likely
to focus on. When asked what the presenters had done
well, the responses overwhelmingly related to the quality
of the presentation itself without details on content. When
asked for what could be improved, the responses most often
included checkbox-like statements like whether the answer
was correct, if there were any syntax errors, etc.

When asked for one takeaway from the presentation they
just watched in a live classroom, responses in both classes
revolved around coding-related terms and problem-solving
steps, relevant to each course. When classes went online for
Fall 2020 and presentations were held over video conferenc-
ing, the responses to this prompt also included signi�cantly
more expressions of emotions like commiserating with peers
or being validated by them. Themes emerging from the other
two prompts did not vary based on class modality.

This thematic analysis can, therefore, inform instructors
teaching programming-heavy engineering courses on how
best to design re�ective activities that are integrated into
course assessments.

Index Terms—re�ection, oral presentation, baccalaureate
institutions, peer review

I. Introduction

A project on code presentation and accompanying sur-

veys was originally started with the intention of improv-

ing student learning outcomes in programming-heavy sci-

ence and engineering classes at the authors’ institution,

a teaching-focused, mostly undergraduate university. Over

three semesters in a pilot study, the method of presentation,

group formation, and comment prompts in the survey were

improved based on data gained from each semester. At the

end of the pilot, a semester-long project was run in Fall 2019

in two separate courses. This was repeated in Fall 2020 in the

same courses, and then in completely online format due to

Covid-19 restrictions. Results from the two courses, in each

of the two semesters, are analyzed in this paper.

Most qualitative research focuses on introductory pro-

gramming classes meant for college freshmen [1], [2], or

computer science (CS) majors in later classes [3]. The present

work analyzed programming-heavy courses in the upper-

level mechanical engineering (ME) curriculum. Moreover,

standalone re�ective activities tend to trigger negative reac-

tions from students [4]. The authors, therefore, took care to

design an assignment-integrated re�ective activity to possibly

mitigate any negative reactions.

In both courses, groups of students presented their work

on biweekly assignments, that asked them to solve engi-

neering problems using code, to the class. Their peers were

asked to �ll out a 5-minute survey, listed in the appendix,

with both objective (Yes/No) questions and prompts for short,

essay-type comments. The objective questions were meant to

be pointers only, since their accuracy cannot be gauged in

the absence of the instructor’s own judgement of the initial

draft. Responses to the three essay-type comments formed

the student re�ection data on which the authors performed

thematic analysis.

The paper is divided into eight di�erent sections, this

being the �rst. The second section presents a review of

the institutional context and existing literature while the

third one details the participants, process, and the survey

instrument. Next, the fourth section describes the method

by which thematic analysis was done, the results of which

are discussed in the �fth and sixth sections corresponding to

the two research questions presented below. Finally, sections

seven and eight discuss the implications of the present work

and directions of future work.

A. Research Questions

This work intends to investigate two primary research

questions from the student re�ection data collected.

1) What are the major themes arising out of student

re�ections, written as feedback for code presentation by

their peers, in programming-heavy engineering courses?

2) How do the themes di�er by prompt, course, and class

modality?



II. Context

In this section, we describe the signi�cance of the study for

programming courses in engineering curricula, speci�cally

in open-enrollment, less-selective institutions. We also talk

about the general trends found in literature of the pedagogy

of programming-intensive coursework, the need for a more

qualitative approach when studying programming courses

in engineering, and review the existing scholarship on peer

review and thematic analysis in programming courses.

A. Institution and Curriculum

In order to fully understand the context of this project

and its signi�cance, it is important to discuss the type of

institution where the project was carried out. The authors’

university is a mid-sized, open-enrollment, 4-year institution

in upper Midwestern United States. Most programs in the

university have a focus on applied learning and practical

training. The university itself is a primarily undergraduate

institution (PUI), with faculty expected to devote at least 70%

of their time toward teaching.

While individual programs at the institution, like ME, may

have entry requirements like minimum ACT scores, prior

experience with high-school level physics, etc., the student

body itself is not the outcome of a highly selective process.

This is noteworthy since a highly selective admissions pro-

cess often leads to a student body with prior experience that

is not necessarily captured by 4-year program plans, like high

school calculus courses, AP classes, etc. For example, Bound

et al. [5] show data from the National Center for Education

Statistics that as far back as 2004, 52.3% of students attending

a selective private institution had taken high school calculus

as opposed to only 23.3% of all students attending 4-year

institutions.

Therefore, the conclusions presented can have important

implications for other PUIs, community colleges, 2-year tech-

nical colleges, and other similar institutions.

B. Focus on the Quantitative

Programming-intensive courses have a large proportion of

student work in easily quanti�able formats. As a result, a lot

of research on the pedagogy of such courses focuses heavily

on quanti�able student work.

Macfadyen et al. [6] analyzed data from a Learning

Management System (LMS) to identify 15 variables that

demonstrated correlations with the students’ �nal grades

in the class. Watson, Li, and Godwin [7] made use of the

WatWin system to log student response times to various

errors, improving on the method of calculating an Error

Quotient pioneered by Jadud [8]. Becker [9] introduced a

new parameter, Repeated Error Density, based on the number

of consecutively repeated errors and proved it to be more

context-independent. Carter et al. [10] proposed a more

holistic system of using a normalized Programming State

Model to observe not just syntactic errors made during

compilation but also semantic runtime errors.

However, in all the above cases and many others using

similar tools, the focus is primarily on

• introductory programming courses, and

• syntax and compilation errors, not so much logical ones.

For courses in non-CS STEM programs that include a

high amount of programming, instructors often focus on

the implementation of mathematical logic in code and errors

related to the same. Eliminating syntax and structural errors,

while still crucial, is not the sole learning outcome of such

coursework. As such, simply logging errors and analyzing

them is unlikely to paint the entire picture of student learning

in such courses.

C. Presentation as a Form of Peer Review

Code review by peers is widely used in professional code

development but their use in coding-intensive courses is

still limited, although growing [11]. As scientists already

familiar with the professional peer review process in re-

search, many instructors implement similar processes in the

classroom with a view to improving student learning [12].

But most recent studies on peer reviews in the classroom for

programming-related courses have fallen short of rectifying

concerns that are often speci�c to such courses such as the

ease of plagiarism [13], in�ated scores in reviews that did

not re�ect student performance in exams [14], reluctance to

criticize fellow students [15] in the interests of maintaining

a non-judgemental atmosphere [16] etc.

Trytten [17] followed a peer review process in their

programming-based course, evolving over multiple

semesters, that mitigates a lot of the usual concerns

but relies heavily on instructor feedback, barely qualifying

as peer review. Further, the objective nature of the responses

expected in the reviews limits its application, as discussed

in Section II-B

The pilot study preceding this project [18] sought to de-

velop classroom presentation to peers, followed by a feedback

survey, as a credible alternative to peer reviews without the

usual concerns. The results of that study informed the design

of the current project.

D. Thematic Analysis of Student Re�ections

When applied on re�ective statements from students, the-

matic analysis is a powerful tool “for identifying, analyzing
and reporting patterns (themes) within data” [19]. Pedrosa

et al. [20] performed thematic analysis of weekly forms

submitted by students regarding their strategies for self-

regulated learning, in a second-year undergraduate course in

an Informatics Engineering program. Boyer and Celepkolu

[1] used thematic analysis to determine student sentiments

toward pair programming and the cognitive, a�ective and

social factors emerging out of students’ re�ection essays in an

introductory programming course. Cain and Woodward [2]

“applied thematic analysis to the re�ective reports presented by
students as part of their portfolio submission for an introductory
programming unit”.

In all the above-mentioned studies,



• the courses selected were either in introductory pro-

gramming or in majors closely related to computer

science, and

• student re�ections were collected through standalone

activities.

There is evidence, however, that standalone re�ective ac-

tivities tend to trigger negative reactions from students, even

when the positive e�ects are acknowledged. Martins et al.

[4] write that “... most students had a negative initial reaction
when told that they would have to write a re�ection every two
weeks. However, in most cases they later reached the conclusion
it was positive.”.

George [21] asked students to make weekly journal entries

in their programming course. When asked to rate the experi-

ence, “The quantitative response was rather negative with very
few students rating the journal well...Many students appeared
positive in the comments they wrote but would give the journal
a ‘not useful’ rating in quantitative terms.”

III. Setup

The current project was set up in Fall 2019 keeping in

mind, therefore, the need for qualitative analysis in en-

gineering courses that are not speci�cally introduction to
programming, of re�ective pieces that are preferably not

generated from standalone activities. The setup is described

here in detail, with regards to the participants, the code

presentation process that worked as an alternative to peer

review, and the survey instrument used to extract re�ective

data for analysis. The project was implemented in Fall 2019

and Fall 2020 semesters, in the same two courses.

A. Participants

The two courses that participated in the current project

are:

• Course A: Numerical Methods in Engineering

• Course B: System Dynamics

1) Course A: Numerical Methods in Engineering: This is

often the �rst programming-related course that a lot of

mechanical engineering (ME) undergraduates take at the

authors’ university. There is no introductory programming

course in the curriculum prior to this, so students need to be

introduced to basic programming concepts in Python at �rst.

This creates a fast-paced, intense course that takes students

from basic programming all the way through solving �rst and

second order ordinary di�erential equations near the end, to

ful�ll course objectives.

2) Course B: System Dynamics: This is a course that

students take in their �nal year of study, often during their

last semester. They know the basics of programming and

have used code-based problem-solving in 2-3 courses prior

to this. The coding process in this course is less traditional

and more related to arranging system circuits, tracing �ow

of information, etc. using MATLAB Simulink toolbox.

TABLE I

Number of Students

Course A Course B
Participants Modality Participants Modality

Fall 20 Face-to-face 22 Face-to-face

2019

Fall 25 Online 19 Online

2020

B. Code Presentation Process

In each course, students were divided up into groups of

3-4 to work on homework assignments. On average, there

were 24-30 students in each of these courses every semester

and only half the groups were required to present during any

given session.

Each group of students had 10 minutes to explain how

their code was solving a given problem, after which the non-

presenting students �lled out a 5-minute survey, as discussed

in Section I. This process was repeated for all the presenting

groups, at the end of which the responses were compiled and

sent to respective groups as feedback.

This presentation-and-feedback activity was designed, as

mentioned in Section II-C, as an alternative to peer review

that reduces problems like plagiarism, reluctance to criticize,

etc. The authors realize, however, that this cannot replace

a thorough peer review in every situation given the time

constraints of an in-class activity. Treating the feedback as

re�ective pieces for further analysis was also aimed at pre-

venting negative reactions to re�ective pieces, as discussed

in Section II-D.

While all students were asked to �ll out the surveys to

help their peers with feedback, only data from those who

had consented is used for the purposes of this work. The

Institutional Review Board at the university had veri�ed the

project before waiving any need for oversight. The number

of consenting students and course modalities are listed in

Table I.

C. Survey

The survey questionnaire was same throughout the

project, with slight modi�cations in the words depending

on the course. The feedback survey �lled out by students

after every presentation is added at the end of this paper as

an appendix. Of special importance are the three comment

prompts listed below for quick reference, since the responses

to these comment prompts form our data set for analysis.

• Prompt 1: Comment on the things that you think

the presenters had done well, in writing the code they

presented.

• Prompt 2: Comment on the things that the presenters

can do to improve their work.

• Prompt 3: What is a takeaway from this presentation

that you believe will be useful to you while working on

your own homework attempt?



TABLE II

Number of Responses

Fall 2019 Fall 2020
Course A Course B Course A Course B

Prompt 1 247 177 715 143

Prompt 2 243 154 682 134

Prompt 3 237 154 669 128

The number of responses to each prompt, in each course,

is listed in Table II to help gauge the size of our data set.

D. Group formation

Group formation among students was informed by obser-

vations summarized in [18]. In both courses, both semesters,

students were allowed to form their own groups based on

best practices reported in literature. Harding [22] proposed

a solution called �ocking in which students are guided

into forming groups based on schedules and commitments,

allowing them to self-select while reducing free-riding. Mello

[23] detailed a method to improve accountability in self-

selected groups by making students ask each other about

expected grades, schedules, commitment to the course, etc.

Carefully-planned group formation methods ensured stu-

dent buy-in into a project that relied heavily on publicly

presenting their assignment as a group. No major problems

or complaints were encountered regarding group formation

in any of the courses.

IV. Method

Thematic analysis is a qualitative analytic method that can

be used to identify patterns in written information. This is

widely used in analyzing student re�ections, as Section II-D

demonstrates.

Braun and Clarke [19] describe a six-phase accessible

approach to apply thematic analysis to any set of data, in

and beyond psychology. The authors have followed the same

in this project, resulting in the themes listed and described

in Table III.

A. Familiarizing yourself with your data

After every set of presentations, survey responses were

organized by presenting groups and sent back to them as

feedback. At the end of each semester, responses were down-

loaded and categorized by each student taking the survey and

consenting to their data being used in research. During both

these processes, the authors gained initial familiarity with

the data.

B. Generating initial codes

Survey data, categorized by consenting students and

prompts at the end of the semester, was gathered in a

spreadsheet. The authors then ran together through every

comment, treated as a data extract, assigning one or more

initial codes to each. This process was done by the authors

jointly, meeting together, and an expansive approach was

adopted. When they came up with di�erent codes and could

not agree on dropping one, both codes were assigned to the

comment. This biases the overall data set toward a higher

count for every theme.

This was, by far, the most time-consuming exercise in

the whole process, with the highest probability of subjective

interpretation. However, with both authors assigning codes

jointly, there was less chance of personal prejudice creeping

into the assignment of codes.

C. Searching for themes
Once the initial codes were generated for all the comments

in the entire project (two courses in each of two semesters),

each code was assigned one or more sub themes. The sub

themes were assigned on the basis of the content of the

initial codes, rather than the sentiment behind them. The list

of sub themes were separated by semester, with only slight

di�erences between them in terms of uniqueness.

D. Reviewing themes
The sub themes collected from both semesters were cate-

gorized into larger themes, depending on their context and

meaning. This process required concept maps to visualize

and required a few short iterations, before the authors agreed

on the �nal con�guration. Random data extracts (comment

samples) were selected to verify if a sub theme belonged to

the appropriate theme. A given sub theme, it was decided,

could only belong to a single theme. This counteracted, to a

certain extent, the bias toward a higher count caused by the

expansive approach mentioned in Section IV-B.

Signi�cantly, the authors stuck to an initial decision to

reach agreement on each code and theme “through collab-
orative discussion rather than independent corroboration”, as

recommended by Smagorinsky [24], from step B through D.

E. De�ning and naming themes
The themes that emerged out of the last step were named,

based on what they were meant to describe and the contexts

in which they were found in the data set. These names and

descriptions can be found in Table III.

F. Producing the report
The work presented in this paper consists of the last phase

of thematic analysis, as described by Braun and Clarke [19].

V. Results: Themes

This section describes the themes that arise out of the

analysis of comment responses, in an attempt to answer the

�rst research question from Section I-A. The following lines

provide explanations of the kinds of responses that were

categorized under each theme, their representative samples,

and also the notable characteristics of each.

A. Themes: Descriptions
The entire dataset of responses could be categorized into

eight themes, following the method outlined in Section IV.

The themes are numbered and described in Table III for quick

reference.



1) Judging the presentation: This theme dominates all

responses to the �rst prompt, in both courses and modalities,

whether counting the number of responses or the number

of students who responded. When asked about the positive

aspects of code being presented, it seems that the overwhelm-

ing response is to talk about the presentation itself, the ease

of understanding, verbal and written explanations of code,

etc. An example of a student comment falling under this

theme, from prompt 1 in course A (Fall 2019) is as follows:

“The presenters wrote the code so that it is very
easy to read and everything is very organized in
functions”

The frequency of appearance of this theme goes down

substantially from prompts 1 through 3, when counting the

number of responses but less so when counting the number

of students. This may indicate that there are a few students

who simply respond to the presentation itself, as opposed

to the code, no matter what they are asked. For example, a

response to prompt 3, asking for a takeaway, in course A

(Fall 2019) generates this:

“how much comments help when looking at others
code”

2) Making a checklist: This is a theme that makes sub-

stantial appearances in every prompt, whether counting

responses or students. There is no speci�c trend in its

appearances, whether looking at di�erent prompts, courses

or modalities, except its high frequencies.

In the context of a short presentation of complex-looking

code, this follows expectations that responding students will

often look for error messages, answers, speci�c values, etc.,

anything that is similar to checking boxes. The yes/no

questions in the survey, prior to the comment prompts, may

also have played a role in priming them to respond in a

similar fashion. A response to prompt 1 in course B (Fall

2019) ran:

“They had it the code running. The for loop ran
without any errors”

A similar response to prompt 3 in course A (Fall 2020) ran:

“From their answer mine seems correct”
3) Problem-solving process: This is the theme that appears

most often in responses to prompt 3, whether in terms of

number of responses or students. When asked for a takeaway

from the presentation, the student responding thinks much

more frequently about debugging their code, verifying their

solutions, the preparatory work needed prior to writing code,

etc., generating more technical phrases, problem-solving con-

cepts, etc. Here is an example of this from prompt 3 in course

A (Fall 2020):

“A good takeaway is that they had a di�erent Tay-
lor’s series equation and I can take that into account”

Most students seem to have responses correlating to this

theme in all prompts; it is only that those types of responses

increase in frequency in prompt 3. Here is a relevant example

from prompt 2, asked to point out what could be improved

in the presenters’ code, in course A (Fall 2020):

“Make a for loop from 200 to 800 and multiply that
by the resistance matrix to make the code run all of
the resistance values”

The phrases themselves change with the course but the

theme stays the same. Below is an example from prompt 1,

when asked what the presenters did well, in course B (Fall

2019):

“I like that pieces of Governing EQs are all grouped
near each other and well spaced from other groups.
Good placement of stars, gives good frame of refer-
ence for how gravity is a�ecting the mass.”

4) Presenters’ demeanor: Not too many responses fall under

this theme. However, students whose responses do are much

more likely to be in course A than in course B. Responses

under this theme focus on the presenting group’s overall

demeanor, their perceived teamwork, their willingness to

answer questions and receive feedback, etc.

The di�erence between the two courses may suggest that

the relative inexperience of students in course A, in present-

ing to an audience, causes them to both applaud and criticise

their peers more frequently. However, the frequencies of such

responses are too low to decipher any trends.

Here is a student responding positively to prompt 1 in

course A (Fall 2019):

“Even though they knew their data was not correct,
they still presented what they had and took help from
the class well. They showed that they wanted the
assistance and were willing to admit that their code
was not correct.”

Here is another response from the same student in the

same course, to prompt 2:

“I think that all members of the group should present
a little bit of work. Even if they present some small
amount of info, it shows participation.”

5) Learning resources: This is a theme that encompasses

responses referring to tutors, feedback or talking points

from the instructor, examples demonstrated in class, or time

management. There are very few responses in this category

in Course B. In Course A, while quite a few students mention

this theme, the number of responses is still fairly low. An

example of this from prompt 3 in course A (Fall 2020) would

be:

“the conversation with [the instructor] was helpful
because of the problems I am also having”

6) Expressing emotional state: A certain portion of re-

sponses primarily relate to commiserating with the pre-

senters or being inspired by them; being thankful for the

presentations or be confused by them. There are two major

trends in this theme. Firstly, the proportion of such responses

goes up substantially in online modality, for both courses

taught by di�erent instructors (the authors of this paper).

This is a student comment to prompt 3 in the online version

of course A (Fall 2020):

“I think him and I are actually at the same standstill
with this problem so I’m not sure I gained any



TABLE III

Themes and Descriptions

Theme Theme Description
number
1 Judging the presentation Responses relate to how the work is laid out, whether it is easy to follow, if the presenters did a

good job explaining their work.

2 Making a checklist Responses provide a checklist of whether certain conditions are ful�lled. E.g. is the code correct,

is it running without errors, does it have errors, is it complete. Responses also focus on output from the

code, whether those are values, plots, errors in output, or anything related to units.

3 Problem solving process Responses talk about details of code, mention debugging and troubleshooting, talk about presenters’

knowledge of coding, how to verify and what to change in the code. Responses may also emphasize

the details in the problem statement, equations in the assignment, work necessary to prepare for

writing code, and other preliminaries.

4 Presenters’ demeanor Responses focus on the presenting group’s participation and teamwork, their willingness to answer

questions, receive feedback and admit mistakes, their overall attitude and con�dence, adherence

to ethical principles.

5 Learning resources Responses refer to the tutor, the instructor, and course material.

6 Expressing emotional state Responses focus on the emotional state of the person providing feedback. This can be

commiserating with the presenters, expressing gratitude, being inspired, encouraged or confused,

expressing di�culty in completing the assignment, discussing own plans and prior work.

7 Unsubstantial Responses have no substantial content, or are not related to the prompt, or just mention “nothing”.

8 Sense of community Responses talk about the utility of class discussions during presentations, assistance received

by presenters from their classmates, and general usefulness of looking at di�erent presentations.

knowledge from this. But it was reassuring to know
that someone is in the same spot as me.”

Secondly, this trend is noticeable in the number of re-

sponses but not necessarily in the number of students,

indicating that the same students may be expressing their

emotional states a lot more in the online format, when

prompted for a takeaway. An very typical example of this

is shown here, taken from responses to prompt 3 in course

B (Fall 2020), again in the online format:

“We all kind of struggled”
7) Unsubstantial: A signi�cant proportion of responses,

for all prompts, were unsubstantial and grouped under this

theme. They either contained phrases cheering their peers

like “good job”, “well done”, etc. or mentioned “nothing”,

“looks good”, etc., especially when asked to �gure out what

could be improved, in prompt 2. Sometimes, they did not

seem related to the prompt at all. There are no clear trends in

this theme, even as some sections have more such responses

than others.

8) Sense of Community: A tiny proportion of responses

talked about the utility of the code presentations, assistance

received from peers, and the general usefulness of looking

at a variety of work on the same topic. There are no clear

trends in this theme, however. Here are two responses to

prompt 3, from di�erent students, in course A (Fall 2020):

“I think it’s helpful to see other people’s attempts at
problems as it helps me �x my own”

An example from prompt 3 in course A (Fall 2020) is below:

“Helpful to see an example of the code done by
others”

B. Themes: Frequencies
As can be seen in Section V-A, not all themes �nd equal

representation in the student re�ection data. As indicators

of their relative popularity, the frequencies of each theme,

separated by prompt and course, are shown as a percentage

of total responses on the left part of Fig. 1. The authors

remind the reader here that a single comment can fall under

multiple themes, due to being assigned multiple initial codes

as outlined in Section IV-B.

In addition, higher frequency of a certain theme is no

guarantee of its spread among a signi�cant portion of the

surveyed students. Many students have comments that over-

whelmingly fall under a certain theme while others are more

balanced. Here are �ve di�erent responses from a student to

prompt 1 that demonstrates this.

“Very good code �ow”
“Very organized code �ow”
“The code is easy to follow the �ow”
“The code has good �ow and is easy to follow”
“The code was easy to read and follow”

To get a more representative picture of the prevalence of

a theme among students in the class, frequencies of themes

are shown as a percentage of students on the right hand

side of Fig. 1. E.g. if 50% of students in a given course have

responses falling under a certain theme (even just a single

response), the vertical bar for that course goes up to 50%.

VI. Results: Theme Variations

Attempting to answer the second research question (Sec-

tion I-A), four key �ndings come into focus when the themes



Fig. 1. Frequency tables of responses and students under themes 1 through 8, for each prompt and course.

are analyzed for patterns in how and where they di�er.

1) Themes 1 and 2 are the most prevalent overall
When asked for feedback on code presentations, most

responses in any class are concentrated on themes 1 and

2, talking about the presentation and explanation, and

checking boxes for answers, values, syntax errors, etc.,

respectively. This may indicate that these engineering

students’ inexperience with coding causes them to focus

on aspects of the presentation they are more comfort-

able judging. Peer reviews and presentations in similar

courses, therefore, should take this into account when

designing feedback instruments.

2) Theme 3 comes into focus in prompt 3
Theme 3, dealing with technical details of coding like

debugging, logical and syntactical errors with details,

preparatory work prior to coding, etc., usually shows

highest frequencies of any theme in prompt 3, both in

terms of responses and students. This veri�es �ndings

of the pilot study [18] and suggests, in combination

with the �rst key �nding, that students in non-CS

programming courses may only feel comfortable talking

about coding and code-based problem-solving when it

is related to them (as opposed to their peers) and new

learning experiences (as opposed to judging correctness

of existing assignments).

3) Theme 1 towers over others in prompt 1
Applause for presenting students happens to be primar-

ily about presentation, explanation and ease of reading,

even though reviewing students can clearly make out

the �ner points of code and problem-solving, as evi-

denced by prevalence of theme 3 in responses to prompt

3.

These students, thus, may not feel competent enough

to know that certain code and problem-solving methods

are indeed correct, leading them to talk more about

aspects they feel more comfortable judging, whether

or not this is actually true. This may be a corollary to

research in CS courses that found scores received in

peer reviews to be far higher than actual competencies

[14], because the peer review scores are based more on

presentation than content.



4) Students express their emotional states more in the
online format
Responses in both courses for the Fall 2020 semester,

when they were conducted online, show a spike in

frequencies of Theme 6 in prompt 3 i.e. far more

responses were expressing students’ emotional states

when asked for a takeaway. Comments talking about

how di�cult a problem was, how they felt hopeful

looking at another group’s presentation, how everyone

in the class struggled with a particular problem, etc.

were more common. There was no observable change in

the number of students responding this way; it is that

those students who did respond this way were doing so

more frequently.

The authors suspect that reduced social presence and

sense of community in online learning environments

[25], more so during the Covid-19 pandemic when so

many traditional students were forced to take online

classes, may have contributed to a stronger need for

validation and commiseration among some students.

Interestingly, the lack of responses falling under Theme

8 (Sense of community) shows that many students may

not have been conscious of this need to connect with

others.

VII. Conclusions

The authors’ primary objectives, as outlined in the research

questions, were to qualitatively analyze peer feedback from

code presentations for prominent themes and to �gure out

how the themes varied with feedback prompts, courses and

modalities. As outlined in Table III, student responses were

categorized into eight di�erent themes. In Section V-A, each

theme is discussed in detail, with representative responses.

In this section, the authors discuss the implications of the

themes that emerged and the variations in where and when

they appear.

A. Implications for engineering students in programming
courses

The key �ndings in how the appearance of the themes

varies (Section VI) illustrate that themes related to judg-

ing the presentation, checklist responses, and the problem-

solving process were the most prominent, though di�ering

in how frequently they appeared in a given prompt.

Engineering students seem unsure of their ability to judge

the technical aspects of coding in others’ work. They tend

to focus on readability, presentation and explanation when

asked about the work of their peers while talking far more

about problem-solving and coding when asked what they

themselves learned from that work. However, these students

felt comfortable judging their peers’ work where they could

quantify it or compare it against a checklist (such as answers,

code free of syntax errors, plots that could be veri�ed, etc.).

B. Implications for traditional students in online courses
One of the key �ndings that sprung a surprise on the

authors is the increase in responses that primarily expressed

the responding student’s emotional state, when the courses

were held completely online during Fall 2020. As discussed

in Section VI, these responses often commiserated with the

presenters or expressed relief at being validated by the

presenters’ work. The authors hypothesize that this may be

due to reduced social presence and a sense of community

in these classes, due to a number of possible factors. While

the authors have no data to substantiate this, it may be

worthwhile in the future to look into the role played by

peer reviews and presentations to increase social presence

in online classes.

VIII. Future Directions

The results of this thematic analysis attempt to provide an

overall picture of what engineering students think of when

they look at their peers presenting code. As the next step,

individual students’ responses could be analyzed thematically

to investigate any correlations with attainment of learning

outcomes. This would require:

• New machine learning algorithms in Natural Language

Processing (NLP) to thematically categorize student

responses, making the process faster and less

labor-intensive. Existing commercial software like

https://getthematic.com/insights/thematic-analysis-
software/ can also be used, as long as the algorithm

training procedures are open and transparent.

• Implementing the project in multiple classrooms,

preferably in multiple sections of the same course,

with clearly-de�ned experimental and control groups.

Any improvement in learning outcomes from the

presentation-and-feedback process is likely to be smaller

in scale compared to the e�ects of course content, in-

structor capability, type of institution, etc., necessitating

tightly-controlled distinctions between the experimental

and control groups.

In addition, student attitudes toward integrating re�ective

activities into peer feedback may also be analyzed vis-a-

vis standalone re�ective pieces, to further investigate pos-

sibilities of reducing negative reactions as those outlined in

Section II-D.

Finally, repeating similar studies on student populations

in STEM disciplines in PUIs, community colleges, 2-year

technical colleges will help gauge the breadth of validity of

these �ndings.
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Appendix

Following is the full survey that students in courses A and B

were asked to �ll out at the end of each presentation. The �rst

four questions are only meant to be pointers and re�ective data

was collected from questions 5 - 7.

1) Does the code answer all parts of the question asked in the

homework (relevant to coding)?

� YES

� NO

2) Does the code run without syntax errors when executed (even

if the answers are incorrect)?

� YES

� NO

3) Is the code written in a way that makes it easy for you

to understand it without asking questions (formatting, white

space, comments etc.)?

� YES

� NO

4) Does the code follow suggested ’good practices’ like making

functions, storing numbers in arrays, writing comments ex-

plaining their work, initializing variables when used the �rst

time etc.?

� Mostly follows the ’good practices’ taught in class

� Follows ’good practices’ sometimes, but not always or even

mostly

� Barely follows any ’good practices’

5) Comment on the things that you think the presenters had done

well, in writing the code they presented. (Prompt 1)

6) Comment on the things that the presenters can do to improve

their work. (Prompt 2)

7) What is a takeaway from this presentation that you believe

will be useful to you while working on your own homework

attempt? (Prompt 3)


