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ABSTRACT
Students have experienced incredible shifts in their learning en-
vironments, brought about by the response of universities to the
ever-changing public health mandates driven by waves and stages
of the coronavirus pandemic (COVID-19). Initially, these shifts in
learning (mode of course delivery, course availability, etc.) were con-
sidered emergency responses. However, as the pandemic pressed on,
students have had to repeatedly adapt to the continuously evolving
educational landscape.

This working group builds upon foundations and structure cre-
ated by a 2021 ITiCSE Working Group exploring the effects of
COVID-19 on teaching and learning from a faculty perspective.
That working group identified the incorporation of some pandemic-
induced changes into future teaching practices. This working group
examines the existing literature and insights gained from responses
to a multi-national survey to explore the new student experience
emerging from the continuously evolving teaching practices cat-
alyzed by the global pandemic.

Traditionally, computing is a subject full of experiential learning
opportunities, rich with in-person labs and exercises.We investigate
how the changes within the COVID-affected academic landscape
have altered that student experience. The current group of com-
puting students will have had experiences under both typical (i.e.
pre-pandemic) and COVID-affected teaching practices. It is, there-
fore, timely that we understand how each has impacted how they
perceive their learning environment and educational experience.
∗Working group co-leader
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In turn, identifying those practices that have most benefited the
student learning experience will help computing faculty improve
their educational methods going forward.
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1 INTRODUCTION
The COVID-19 pandemic forced an “unprecedented global shift
within higher education in the ways that we communicate with
and educate students” [58]. Since the beginning of this worldwide
health crisis, on the receiving end, students have been confronted
with these major changes in educational practices and expectations.
As provisions were put into place to facilitate both online and
in-person teaching, students were thrust into a largely new and
constantly changing learning environment, very different than the
environment experienced by their peers that came before them.
These changes and challenges began during the tail end of the
2019-20 academic year and have persisted in varying degrees since.
Thus, over the last two plus years, subjects which traditionally
benefit from “in-person” activities such as guided labs, experiential
learning activities and tutorials have transitioned into a mix of
online, blended and hybrid learning environments through the use
of various technologies and innovative pedagogies.

https://doi.org/10.1145/3571785.3574126
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It is important to remember that the move into higher education
is always a pivotal experience for students [56, 60, 74, 75] and
COVID-19 triggered sudden and massive disruptions on this and
all levels of education. These pandemic-affected students have had
to unexpectedly and rapidly adapt to unprecedented, and often
newly-created, online and blended learning situations [76]. It is
therefore imperative that we capture the student experiences in
this moment, as this set of students is unique in that they will
have had experiences under both typical (i.e. pre-pandemic) and
COVID-affected teaching practices.

These emergency pandemic practices may have provided some
challenges for student learning, but there were also silver linings
as they sparked some new and creative modes of engagement in
higher education. Evaluation of and exposure to new tools and
learning techniques took place at a faster rate than ever before [59].
While these experiences remain fresh, it is important that we cap-
ture the lessons learned from students. Combined with the insights
gained from the faculty perspective [58], this investigation iden-
tifies a number of issues experienced by students, and reports on
their perception of the educational landscape during such a hugely
important and formative experience. These observations can help
identify new educational approaches that are beneficial to the stu-
dent experience and should be incorporated into future practice.

The aims of this working group are:
(1) To explore and understand the existing literature and how it

has been shaped over the course of the pandemic;
(2) To better understand the impact of COVID-19 on computer

science students in a multinational context;
(3) To discover new and/or newly adopted pedagogies, tools,

educational practices, delivery methods and techniques em-
ployed throughout the pandemic that positively affected
the student experiences and should be kept in place going
forward;

(4) To share the results with the wider computer science educa-
tion community.

1.1 Objectives
Since the makeup of the working group members and their institu-
tions could potentially shape the final study focus, the following
research questions functioned as a guide for the membership:

• What new and/or adopted pedagogies employed through
the pandemic have been beneficial for students?

• How have students maintained engagement with each other
through teaching and community building?

In the broadest sense, the motivation was to explore what we
could learn about the impacts that COVID-19 has had on the overall
student experience in computing education and how this would
shape student expectations moving forward.

2 BACKGROUND
The efforts of this Working Group build upon the existing work
carried out for a previous pandemic-relatedWorking Group [57, 58].
While the previous study focused on the experiences of faculty
during the pandemic, this study concerns itself with the student
experience.

Given the nature of this new focus on students, a further litera-
ture review had to take place. It was important to update the source
literature with anywork that had been published since that previous
study, and to ensure student perspectives were a key theme.

There are therefore two main streams of work reported in this
report in parallel: results of a multinational survey and correspond-
ing results from the background literature. The review of existing
literature is broken up into themes. Because of this, the structure
of this Working Group paper will somewhat deviate from tradition.
While section 3 expands upon the methodology employed to tackle
the aforementioned two streams of work, the sections that follow
were informed by the survey. In each of these themed sections 4
through 9, the relevant prior work is presented first, followed by
any applicable results from the survey we conducted, and concluded
with a discussion.

3 METHOD
Based on the work of an ITiCSE 2021 working group exploring
faculty experiences throughout the COVID-19 pandemic [57, 58],
the areas of exploration for this working group were identified.

3.1 Review of Prior Work
As a starting point, the foundational work and literature review of
[58] was explored, with a focus on identifying articles that touched
on the student experience through COVID-19. Given the wide-
scale effects of COVID-19 on the educational experiences of all,
the body of literature in this area has been steadily growing since
that work. The team searched for papers in the ACM Digital Li-
brary (Full-Text Collection) and the IEEE Xplore Digital Library
by submitting queries looking for literature relating to computing
education, higher education, and the student experience which in-
cluded ‘COVID-19’, ‘COVID’ or ‘pandemic’. The search was then
refined by year to pick out papers that had been published since
the start of the previous foundational work in mid-2021, selecting
the major CS education conference sources (SIGCSE, ITiCSE, ICER,
UKICER, Koli Calling, FIE and EDUCON).

We used inductive reasoning to organize this collected group of
papers into one or more key themes, as defined in Section 3.2. This
approach allowed the previous work and research questions to nar-
row the scope of the study. Each of these distinct areas was further
explored. Pilot reading and manual filtering were then undertaken.
Each key theme was assigned a lead and backup researcher who
read the papers to agree on their appropriateness for inclusion in
the study. A number of papers were excluded for being outwith CS
education. Full text reading was then undertaken, and the dataset
updated. Unfortunately, not all themes identified suitable literature
and an expanded search was necessary. As the team started identi-
fying gaps in the computing education literature, sources outside
of mainstream CS education were consulted where findings could
be relevant to students regardless of discipline, particularly relating
to mental health and well-being and development of community.

3.2 Key Themes
The process of conducting the literature review allowed for themes
to emerge. Initially articles were listed, and the emerging themes
highlighted in the data set. The articles were then reviewed and key
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concepts identified followed by grouping around key themes. Six
themes emerged from the literature and are the focus of this study.
These themes look at the questions addressed in the objectives from
a broad perspective, acknowledging that a wide range of student
experiences influence learning capacity.

Impacts of Technology: What learning tools were you exposed
to? How has the technology used to deliver your learning
affected your experience?

Experiences of Virtual Learning: How has your learning been
delivered? What is your experience with online, blended and
hybrid learning?

Health and Wellness: Howhave you perceived yourmental health
throughout the pandemic?

Study Skills and Supports: Howhave you used and evolved your
study skills to cope with this new (and at times, unexpected)
way of learning? What was your reliance on support, includ-
ing instructors?

Community Building: Did you develop meaningful communi-
ties of practice with your peers?

Modality Preferences: What ‘emergency’ practices, or innova-
tions to teaching and learning approaches would you like to
see retained in a post-pandemic setting? What do you feel
your future educational experience should look like?

3.3 Survey
To understand the impact of COVID-19 on computing education
learning, we conducted an international survey aimed at computing
students in higher education institutions. The survey is included in
Appendix A.

The timing of ITiCSE working groups was such that they are
formed and begin work at or very near the end of the traditional con-
clusion to many university semesters. Data collection from students
was challenged by this timeline. As such, the basis for exploration
within the student survey was largely shaped by the literature re-
view and by the survey conducted by the previous ITiCSE working
group focused on faculty. Key themes from both sources were taken
forward into the survey in this working group, allowing for large-
scale data collection aimed at enabling quantitative analysis, with a
selection of open response questions to allow deeper probing into
issues, challenges, and successes.

Drawing from background work [57, 58], the leaders of this
working group built a survey, based on a previous survey of fac-
ulty members in an ITiCSE 2021 working group. The survey was
validated by the working group members, and piloted with 7 par-
ticipants.

The study was approved by the Research Ethics Board at one
of the lead universities, Dalhousie University, and re-certified as
required at the universities of all study co-authors.

The survey was hosted as a Microsoft Forms survey at Dalhousie
University, and access was provided via a public link. The survey
took approximately 10 minutes to complete if all questions were
answered. No compensation was provided to survey respondents.

Responses were anonymous, though potentially indirectly iden-
tifying, since respondents were asked to indicate the name of their
institution and its location, along with their year of study as part
of the demographic information collected. For the remainder of

Country Count % of Total
United Kingdom 116 38.2%
Canada 67 22.0%
Japan 66 21.7%
United States 31 10.2%
Pakistan 13 4.3%
Brazil 10 3.3%
Switzerland 1 0.3%
Total 304 100.0%

Table 1: Survey respondents’ institution location.

Program Y1 Y2 Y3 Y4 Y5+ No Total
Level Resp
Undergraduate 29 39 124 57 5 0 254
Master’s 24 8 1 0 6 2 41
PhD 4 1 2 2 0 0 9
Total 57 48 127 59 11 2 304

Table 2: Respondents’ program level by current year of study:
Y1 (year 1/ freshman), Y2 (year 2/sophomore), Y3 (year 3/ju-
nior), Y4 (year 4/senior), Y5+ (year 5+), no response.

the paper, respondents are referred to by their participant number
(between P1 and P304) and their level and year in the program (e.g.
undergrad 3 or grad 2 to signify an undergraduate in year 3 of their
program or a graduate in year 2, respectively). Quantitative data
analysis was performed in R, qualitative data coding was conducted
in NVivo.

3.3.1 Recruitment & Data Collection. The survey was distributed
using a number of approaches: posting to the SIGCSE mailing list
and the ITiCSE mailing list, posting to internal email lists of CS
department faculty at author institutions, and posting the link to
the survey on Twitter. In all cases, recipients were encouraged to
share the link with their students, as well as other interested parties.

The survey was in circulation for a total of 46 days between May
23 and July 8, 2022. At cutoff, 323 responses had been collected.
Of these, 7 were test responses and 2 were blank entries, so they
were removed. An additional 10 were discarded due to respondents
listing a major not directly related to computing (e.g. Anthropology,
Political Science, Music, etc.). The remaining 304 responses make
up our data set.

3.3.2 Demographics of Respondents. The 304 survey participants
included students from North and South America, Europe, and Asia,
as seen in Table 1. The majority of responses, 83.5%, were from
undergraduates, while 13.5% and the remaining 3.0% came from
Master’s and PhD students, respectively. The full breakdown of
respondents’ program level by current year of study can be seen in
Table 2.

Respondents were from 23 different institutions, 50.7% of them
were from the authors’ home institutions.

Survey respondents were prompted to identify whether or not
they identified as being part of a racial or ethnic minority in their
program. As the survey was accessible worldwide and the term
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Racial / Ethnic Minority Status Count % of Total
Yes 59 19.4%
No 199 65.5%
Unsure 29 9.5%
Prefer not to respond or no response 17 5.6%
Total 304 100.0%

Table 3: Survey respondents’ self-reported racial or ethnic
minority status.

Gender Identity Count % of Total
Man 196 64.5%
Woman 86 28.3%
Non-binary 8 2.6%
Prefer not to respond or no response 13 4.3%
Prefer to self-describe 1 0.3%
Total 304 100.0%

Table 4: Survey respondents’ self-reported gender identity.

“minority” takes on a different meaning in different contexts, the
authors chose to rely on participants to self-identify whether they
belonged to an underrepresented group or not. Participants were
also asked to report their gender identity. Answers to those ques-
tions are summarized in Tables 3 and 4. Figure 1 shows a breakdown
of self-reported gender identities of survey respondents by country.

Question 2 asked students to identify their major, in free response
form (see Appendix A, Q2). In order to avoid errors due to typos,
abbreviations, and institution-specific terminology, participants’
majors were verified against the listed majors on the websites of
their institutions. The survey respondents reported 42 unique ma-
jors directly related to computing. Majors were then grouped into
4 broad categories:

(1) Computer Science
(2) Applied Computer Science
(3) Data and Information Science
(4) Computing for Engineering
In addition to the classic Computer Science major program the

Computer Science label was applied to majors in Artificial Intelli-
gence, Cybersecurity, and Software Engineering.

The Applied Computer Science category spanned major pro-
grams where computing accompanied studies in other fields like
Art, Digital Media, Business, Economics, Finance, Education, Game
Development, Cognitive Science, Design, Forensics, Language, or
other STEM fields, like Mathematics and Physics.

Majors in Information Systems, Data Science, andMachine Learn-
ing were labeled as Data and Information Sciences.

Finally, the Computing for Engineering category was assigned
to majors in Computer Engineering, Electronics, and Robotics.

The distribution of undergraduate and graduate students across
major categories is shown in Figure 2. Undergraduates make up 89%
and 86% of the Computer Science and Applied Computer Science
majors, respectively.

Of the 304 respondents, 118 (38.8%) first became students at their
institution before the year 2020, 112 (36.8%) entered their school

Figure 1: Breakdown of survey respondents’ gender identity
by country.

Figure 2: Breakdown of major category by program level.

in 2020, and another 63 (20.7%) joined in 2021. Eleven (3.6%) of the
survey participants started at their institutions in 2022. These are
shown in Table 5.

Start Year Count % of Total
Pre-2020 118 38.8%
2020 112 36.8%
2021 63 20.7%
2022 11 3.6%
Total 304 100.0%

Table 5: Survey respondents’ year of starting at their institu-
tion.

During the pandemic, students took classes varying in size, as
shown in Table 6. Of the 8 students who didn’t study during the
pandemic, 2 were students who started at their institution before
2020, 3 began in 2021 and the remaining 3 didn’t enter their school
until 2022.
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Avg Class Size During Pandemic Count % of Total
Small (< 50) 95 31.3%
Medium (50-99) 119 39.1%
Large (100-199) 64 21.0%
Very Large (200+) 18 5.9%
I didn’t study during the pandemic 8 2.6%
Total 304 100.0%

Table 6: Average class size taken by survey respondents dur-
ing the pandemic.

3.3.3 Qualitative analysis. Whilst the majority of questions were
quantitative in nature, we included some free text questions. The
responses to these were uploaded into NVivo to conduct a thematic
analysis. As the key purpose of analysing the free text was to de-
termine what light they shed on the central focus of the study, we
chose to code the transcripts according to the themes identified
in Section 3.2 but were also open to emerging codes. The coding
process was started by one author and then validated by two others.
This was captured in a coding book. The key emerging theme was
Vision for the future. However, within this, most of the discussions
of the future referred to one or more of our existing themes, so com-
ments in this coding were double-coded with the particular themes
they related to and discussions of the future included in each theme
section. Additionally, we developed a more-finely grained interpre-
tation of some themes through emerging coding, particularly as
related to tools and support for learning, but felt it was more useful
to include these comments within the higher-level theme.

4 IMPACTS OF TECHNOLOGY
4.1 Prior Work
When the COVID-19 pandemic started, modern technology allowed
us to remain in contact. In many countries, the readily-available
Internet bandwidth and deep proliferation of personal computers
and smart devices allowed some to continue the delivery of both
K-12 and higher educational programs.

As many classrooms were shut down across the globe, and stu-
dents and teachers were sent home indefinitely, institutions lever-
aged the use of various technologies to allow for teaching to con-
tinue in a mostly uninterrupted manner, despite its existing lim-
itations and the relative lack of experience on the sides of both
teachers and learners. Such a transition to technology-aided course
delivery typically requires more time, preparation, and training
prior to adoption. Given the abrupt shift to online learning, instruc-
tors, institutions, and the technology we chose to use were often
far from ready [15]. While technology itself has helped during the
pandemic, it has presented its own set of challenges.

With the necessary modifications taken to ensure continued
educational delivery, institutions were dealing with new challenges
regarding academic integrity and proctoring of online exams [2], de-
spite the fact that tools to implement uniquely identifiable but con-
ceptually identical exams existed before the pandemic [53]. To aid
in ensuring academic integrity, some institutions used strategically-
placed cameras during at-home exams [63].

Privacy concerns are among the most significant problems with
rapid adoption of new tools and technologies [19]. Many institu-
tions have strict policies in place that require new software tools to
be thoroughly reviewed and approved before they enter the class-
room, and there are certain restrictions on where, how and how
long student data is being stored and retained, especially if those
students are minors [19, 64]. In the chaos of the first months of the
pandemic, these data privacy concerns were sometimes put aside
to facilitate a faster transition to an online modality. For vulnerable
populations like K-12 students, even simple data points like names,
birthdays, or location could be considered sensitive information
that should be considered before being shared with the companies
or organizations that run education-enabling services. Privacy is-
sues become even more significant when minors are on camera [19].
Thus, certain level of vetting needs to take place before a software
or service is used in the classroom. This vetting process, however,
takes time.

Through a prior survey with computing faculty [58], it became
increasingly obvious that the lists of - often new and untested -
tools and technologies that were considered to meet the educational
needs of students during the pandemic were extensive; with mul-
tiple tools often being proposed by institutions to tackle various
needs. The implementation of these tools would at times be set by
institutions, but the decision of which tool to deploy would often
depend on the preference of faculty members. This resulted in a
lack of consistency for students in the early days of the pandemic.
For example, in-class communication and lecture delivery might
be achieved with Zoom, Microsoft Teams, Blackboard Collaborate
or Google Classroom. Student engagement might have been done
through tools like Kahoot, Nearpod, Gather.Town, Gatherly, or We-
bEx. Computer programming labs might have relied on zyBooks,
Mimir, Codio, or Jupyter Notebooks.

Research suggests that some of the tools used during remote
learningwould be useful even after the conversion back to in-person
learning [54]. Although implemented under pressure, the transition
to online learning has paved the way for additional development
and improvement of this modality, and of the technology used to
deliver education in this way [51]. At the time of writing, it can be
seen that these reflections and lessons learnt are leading to these
temporary implementations to facilitate online teaching beingmade
more permanent [10], as a blended modality starts to become more
commonplace.

4.2 Results
In the results collected in the survey conducted for this working
group, a few things can be observed in regards to the use of tech-
nology. Chief among them is the fact that opinions vary from tool
to tool, and results are not entirely one-sided. To start, we posed a
more general question of how students would rate their experiences
in accessing technology and the Internet during the pandemic (see
Appendix A, question 13).

Students’ (undergraduates and graduates combined) ratings in
answer to that question are shown in Figure 3. Ratings are on a 10-
point scale. The mean value for online access is 8 for students who
began their studies pre-pandemic, and 7.7 for those who started in
2020 or later. The responses were not normally distributed and a
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Figure 3: Experience accessing technology and the Internet
during the pandemic, grouped bywhether respondents began
their university studies before (yellow) or during (black) the
pandemic.

Mann-Whitney test showed no statistically significant difference
between them (W = 9317, p-value = 0.2103). For both groups, it is
clear that most students did not have a negative experience with
accessing technology and the Internet, but the number of students
who had poor experiences in this area is non-zero. The students who
had a negative experience did not provide qualitative comments to
explain their responses. Some respondents experienced difficulties
because their instructors’ access to proper technology was poor
“some lecturers had very poor Internet connections, or poor quality
microphones, and combination of the two” (P75, undergrad 3).

When asked to rate their experience adapting to new technolo-
gies used for learning during the pandemic (see Appendix A, ques-
tion 12), students’ rating on a scale 1-10 was 7.343 on average with
a median of 8. This seemingly comfortable transition is probably
due to the fact that CS students are already largely at ease with
technology.

Additional results involve the specific technologies and tools
that students used during the pandemic, and their views on whether
they would like to see these tools used upon returning to some
form of normalcy.

Document collaboration was an important aspect of the switch
to online learning. In tasks like group projects, students needed a
way to share work. Applications such as Google Docs, Jamboard,
and Miro facilitated this collaboration, and in many cases, they
did so even before the pandemic. Upon asking students whether
they would like to see these tools used moving into the future (see
Appendix A, question 23), the vast majority, 79.5%, of all respond-
ing students said they would, or they maybe would (Figure 4). A
possible reason for the split between “Yes” and “Maybe” could be
that these tools are useful on an “as-needed” basis as not every
course involves group work, and not all group work involves digital
content collaboration. Furthermore, the desire to continue using
collaboration tools could be impacted by a student’s individual
experiences with collaborative work - not everyone enjoys their
time working in a group, for a variety of reasons.

To make online teaching possible and facilitate easier lecture
access to students in different time zones, lecture recording was

Figure 4: Desired future use of document collaboration tools.

a very common practice during the pandemic. Shown in Figure 5,
this was among the most highly one-sided results observed in the
technology or modality sections of this study with 75.6% answering
in the affirmative and another 14.8% answering “Maybe”. This is
probably due to the fact that recorded lectures allow students to
revisit content at their own pace or to catch up if they miss class -
sentiments echoed in participants’ comments. As a matter of fact,
when asked a free-response question about innovations or new
teaching and learning approaches that students experienced during
the pandemic and wanted to see continued use of (see Appendix A,
question 24), respondents were overwhelmingly in favor of recorded
lectures, so much so that several respondents even preferred them
to in-person lectures. Among the numerous comments on lecture
recordings, one student said “Live recordings of lectures were a major
boon during the pandemic. I cannot stress enough how much I and
my friends would love to see this continue” (P134, undergrad 4). “I
want to see ALL lectures recorded and posted online. Both live lectures
or pre-recorded/non-live lectures” (P64, undergrad 3). One student
acknowledged that having those available is great but could lead
to undesirable behavior “Recording (and potentially livestreaming)
lectures _additionally_ to having them in person can be helpful in
case I miss a lecture. On the other hand it kind of encourages me
to miss lectures, because I could always watch them later, which I
obviously won’t actually do beyond some point” (P154, undergrad 3).

From the responses to our survey, it is clear that the majority of
students, 89.7% of undergraduates and 93.8% of graduates, are in
favor of continuing with the use of lecture recordings, even after
classes return to in-person learning.

A similarly one-sided result is on the topic of future use of
communication tools. Of all respondents, 88.7% answered “Yes” or
“Maybe” to their desire for the continued use of tools such as Slack,
Discord, Microsoft Teams, WhatsApp, etc. These results are visu-
alized in Figure 6. This could likely be attributed to the improved
communication that some students feel can get from their teachers
and teaching assistants online, as well as the sense of community
that can come from being a few clicks away from communicating
with peers. As one respondent noted “External resources like Mi-
crosoft Teams is very useful for communication. It is easier to connect
with TAs or professors, and it can encourage problem solving between
students” (P129, undergrad 4). Another added “Piazza is helpful for
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Figure 5: Desired future use of lecture recording

Figure 6: Desired future use of communication tools.

asking questions and having both instructors and students answer”
(P150, undergrad 4).

Among the most mixed outcomes are the answers to the ques-
tion about continued use of interactive learning platforms, as can
be observed in Figure 7. When compared to the results from the
inquiries about other forms of technology and respondents’ desire
for their continued use, interactive learning platforms are the only
technology for which the majority of students say they would either
not want to or maybe want to continue using them. This is also the
area with the highest number of “N/A” responses. It should be noted
that the responses to this question are not one-sided. The responses
of “N/A”, “No”, and “Yes” are all relatively close to one another with
18.1%, 22.7% and 24.5%, respectively. Only the responses of “Maybe”
are higher than the others at 34.7%. The qualitative comments did
not provide any further insight into the reasons for these responses.

The last set of results from our survey question about the use
of technology is that of real-time interactive quizzing tools, such
as Kahoot, Mentimeter, Poll Everywhere and iClicker. As shown
in Figure 8, we see a majority of students saying that they would
like to see these tools used in the future. However, there is a much
larger number of “No” (20.8%) and “Maybe” (31.1%) responses. The
qualitative comments did not provide any further insight into the
reasons for these responses. Survey respondents who commented

Figure 7: Desired future use of interactive learning platforms.

Figure 8: Desired future use of interactive quizzing.

on interactive quizzing expressed sentiments that they’d like to
see those continue to be used “I really enjoy when an instructor
includes a quick Mentimeter or Kahoot in their lecture. It helps cement
important ideas in my mind and gives me an insight into what the
instructor considers the key points are” (P213, undergrad 4), “online
quizzes and tests that gets marked instantly” (P99, undergrad 2).

Students wanted to see all materials made available online, more
hybrid instruction, many said they didn’t mind online lectures but
wanted those to be recorded andmade available so they can rewatch
them later. Some students expressed liking the flipped classroom
approach. About a third of respondents reported either not seeing
any innovations beyond Zoom or other similar software that was
necessary to make instruction possible, or not wanting any of these
innovations to be retained in the future. One student commented
“No, everything should be in person. ‘Innovation’ = doesn’t work half
the time“ (P172, undergrad 4). However, most students expressed
their desire to see the continued use of technology enabling class-
room discussion, interactive textbooks, recorded video materials,
video communication software for office hours etc. even after their
return to the in-person classroom.
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4.3 Discussion
The approach taken and aided by technology usually depended on
the course curriculum, the instructor and the institution. Results
show that student experiences were often quite different, even
within the same department. Some courses may be better suited to
online learning than others, and some tools may be better suited
to one particular course. There is still a lot of work to be done
to better understand how technology can be leveraged to better
support student learning. However, our results suggest that, at
least for computer science students who are generally comfortable
with the use of software, some technological steps taken to ensure
emergency remote teaching may be worth keeping in place going
forward. In particular, using communication tools and recording
lectures and making them available for students to revisit seem to
be what the majority of students would like to see used even after
the return to normal.

5 EXPERIENCES OF VIRTUAL LEARNING
5.1 Prior Work
The existing literature shows mixed impressions of teaching and
learning of Computer Science during the pandemic. For example,
a small survey (n=10) conducted with instructors in CS and En-
gineering disciplines [24] suggested that teachers felt that their
instruction was more effective during the pandemic. Some teachers
perceived that their CS/engineering students were able to concen-
trate more and that the CS educational platforms available provided
an advantage. Similarly, a study of 22 Computer Science instructors
in Norway by Hjelsvold et al. [27] reported overall positive experi-
ences of CS instructors. These studies, which represent instructor
viewpoints on pandemic teaching that are more positive than nega-
tive, stand in contrast with some empirical data which showed less
positive impacts on students.

YeckehZaare et al. [73] examined ebook usage before and dur-
ing the pandemic to understand how much time students spent
studying and how much spaced practice they engaged in. The study
found that both of these were lower during the pandemic than in
previous semesters. The researchers note that comparing study
time across semesters before and during the pandemic is a better
gauge of performance than considering grades, which may be in-
flated by a lack of exams, pass/fail grading, or unproctored online
exams with the possibility of rampant cheating. Similarly, Aucejo
et al. [4] studied students’ weekly study hours during the pandemic
and found that students spent on average 0.9 fewer hours studying
per week due to COVID-19. Also due to the pandemic, study time
decreased by 5 hours at the 25th percentile and increased by 4 hours
at the 75th percentile.

Gonzalez et al. [25] reported on results of a survey about COVID-
19 remote learning experiences of students in an information tech-
nology degree in Norway. They highlighted three themes related
specifically to the use of tools in digital learning: fear of exposure,
slow transition away from active learning and participation to more
traditional lecture, and challenges related to media quality and chat
usage. In the fear of exposure theme, the authors highlight that
students reportedly did not want to participate or turn on their
cameras, because many of their peers wouldn’t be on camera ei-
ther. In terms of active vs. traditional learning, students felt that

their instructors seemed frustrated by everyone’s cameras being
off and that this led to teachers attempting to engage students less
frequently. Students reported preferring live lectures to just pre-
recorded lectures, but wished the live lectures were broken up with
interactive activities. In the media and chat theme, some of the stu-
dents in the Norwegian survey disclosed that they found the chat
distracting, and reported that their instructors seemed distracted
by it as well. However, others liked the ability to ask and answer
questions with classmates.

Lohiniva et al. [40] conducted a qualitative interview study of
novice programming students’ experiences studying during the
pandemic, focusing on factors impacting motivation. They found
that students experienced lower levels of motivation to study re-
sulting from pandemic worries and lack of time, and also difficulties
in coordinating collaboration. These results demonstrate the im-
portance of community and self-belonging to help students stay
motivated to study. In a similar study, Thiry and Hug [65] surveyed
over 900 computing students at Hispanic-serving institutions in
the US to understand their experience with learning in the early
part of the pandemic. They found that students at these institutions
reported serious financial and mental health challenges, but they
also reported that some of their instructors supported them by ar-
ranging for laptops and WiFi hotspots and holding Zoom practice
sessions just prior to the move to emergency remote teaching. Such
supports were reported by students as helpful in the transition to
remote learning.

The move to emergency remote teaching led to a number of
innovative practices, and students’ experiences of these practices
have been evaluated by researchers in some cases. For example,
VenDeGrift et al. [67] implemented a system for students to record
and upload videos explaining their exam answers. While this was
intended to deter cheating, students reported a variety of positive
benefits, including the chance to review, reflect and correct their
answers. There were also innovations in delivery formats. Various
instructors tried non-conventional platforms to engage students
in online learning, and formally studied student experiences. For
example, Latulipe and De Jaeger [34] analyzed student learning
experiences in a CS1 course held in Gather.Town. They found that
students felt more like they were in a real classroom and appreci-
ated the agency to express themselves, move around the virtual
classroom, and engage in smaller conversations while still remain-
ing connected to the larger class. Similarly, Najjar et al. [48] used
Gather.Town across 5 different computing courses and conducted
a formal survey. Their students found that courses taught in the
platform allowed for easier collaboration and interaction with oth-
ers, fostered a stronger sense of connection to peers, and made the
learning experience fun. These results show that pandemic-induced
innovations in certain cases led to positive student experiences of
virtual learning.

Some prior work has shown positive or mixed reactions to virtual
learning in CS, especially during the initial Spring 2020 switch to
remote learning. Lishinski et al. [39] found that 40% of CS1 students
surveyed in the initial move to emergency remote learning found
the change very difficult. Moore et al. [47] studied video-watching
behaviour in a flipped CS1 course. Students with prior programming
experience watched fewer videos and students performed similarly
on tests despite their vastly different video-watching behaviours.
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Figure 9: Histogram of respondents’ ratings of their virtual
learning experiences during the pandemic (0 = Strongly Neg-
ative, 10 = Strongly Positive).

This study covered the Fall 2019 and Spring 2020 semesters, and so
data collection included several weeks at the end of the Spring 2020
semester when the course being studied went online. The authors
did not detect any change in video-watching when the in-class
portions of the course moved to online synchronous sessions, sug-
gesting that students’ study behaviours tend to be set patterns and
did not change significantly, at least in the initial switch to online
learning. Similarly, Lewis et al. [37] studied 6 computing classes at
University of California San Diego (UCSD) comparing student data
in Spring 2020 to prior semesters and found that students reported
similar levels of stress and challenge. However, they did find de-
creases in students’ level of peer connection, and there were higher
rates of dropping and/or failing courses.

5.2 Results
We examined student respondents’ ratings of their virtual learning
experience (see Appendix A, question 11) to see how these differed
across demographic dimensions and how they differed according
to the characteristics of their classes taken during the pandemic.
Figure 9 shows the histogram of student experience ratings of
virtual learning during the pandemic. The mean rating was 5.587,
the median was 6.

We see that ratings of virtual learning experiences were higher
for smaller class sizes than for larger class sizes, as shown in Fig-
ure 10.

Figure 11 demonstrates that experience ratings of virtual learning
during the pandemic differed depending on the country of the
educational institution.

We found no differences in ratings of virtual learning experiences
by gender, as can be seen in Figure 12. We also found no differences
based on respondents’ self-reported status as a racial or ethnic
minority within their program.

Interesting differences in student experience ratings appear
when the data is sliced according to the percent of each respon-
dent’s classes that were taught online synchronously versus asyn-
chronously. Figure 13 shows these ratings. The data indicates a

Figure 10: Boxplot of respondents’ ratings of their virtual
learning experiences (0 = Strongly Negative, 10 = Strongly
Positive), grouped by reported typical class size during the
pandemic.

Figure 11: Boxplot of respondents’ ratings of their virtual
learning experiences (0 = Strongly Negative, 10 = Strongly
Positive), grouped by country of educational institution.

negative correlation between experience ratings and the propor-
tion of courses taught asynchronously, and a positive correlation
between experience ratings and the proportion of courses taught
synchronously. This result was confirmed statistically using a linear
regression model, which showed the proportion of online courses
taught synchronously was predictive of experience ratings (t-value
= 2.712, p = 0.00732). Some student comments reflect issues with
asynchronous learning, such as “Felt Extremely disconnected to ev-
erything taught, was forced to [teach] myself most of the content
through Google, very hard to understand things without a live demon-
stration or lectures or lab classes” (P79, undergrad 2). In contrast,
students who had synchronous classes in some cases had two oppor-
tunities to engage: during the live lesson, and then by rewatching
the recording, as noted by P106, grad 1 who commented “Lectures
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Figure 12: Boxplot of respondents ratings of their virtual
learning experiences (0 = Strongly Negative, 10 = Strongly
Positive), grouped by respondent’s self-reported gender iden-
tity.

Figure 13: Virtual learning experience ratings (0 = Strongly
Negative, 10 = Strongly Positive), plotted against % of respon-
dent’s pandemic online courses taught asynchronously (yel-
low) and synchronously (purple) during the pandemic.

worked just as well online (in fact it was an advantage them being
recorded and being able to rewatch them when studying)”.

The open-ended responses from students about their virtual
learning experiences (see Appendix A, question 19) highlighted the
polarity between loving or hating online learning. Some students
found it exceedingly difficult, such as an undergrad respondent who
said, “My learning experience during the pandemic was significantly
worse than any other time. My grades have been much lower during
any online class than any in-person classes, and I can feel that the
content is not being retained nearly as well.” (P29, undergrad 1)
This is in contrast to students who really enjoyed it, such as this
undergrad who noted “I learned that this distance method of learning
works exceptionally better for me than on campus teaching. I’m more
productive, lessons are far more enjoyable, I have the ability to push
myself further with my coursework than I can with on campus classes.

I am not distracted by meaningless conversations happening in class
spaces.” (P72, undergrad 3)

5.3 Discussion
Very little data exists on students’ actual learning during the pan-
demic. Being fully aware that the difficulty and uncertainty of
the situation put even more stress on students, and sharing into
that stress by a suddenly heightened workload, institutions and
instructors made a number of concessions. By putting less focus on
assessment, allowing the transition to pass/fail grades, and putting
policy changes into place to allow for that (e.g., removing student
evaluations from tenure and promotion consideration, foregoing
office hours, etc.) much of the actual learning was washed away in
the effort to keep things moving.

The relationship between virtual learning experience ratings and
country of educational institution, while interesting, should not be
considered representative. For some of these countries the students
reporting were all from one or two institutions. To understand
country level differences in any meaningful way, a more diverse
sample of students from each country would be needed.

We found the trends in virtual learning experience ratings versus
onlinemodality to be particularly compelling. Given the widespread
pandemic-related lockdowns, providing synchronous classes was
potentially one of the only ways that students could interact with
others. Synchronous classes, if done well, with reasonable use of
breakout rooms, could allow students to interact with one another.
However, what we saw in student comments is that this wasn’t
typically done well, but that students interacted with one another in
real time using chat features, and that created at least a temporary
sense of community.

6 HEALTH ANDWELLNESS
6.1 Prior Work
While we found an overall lack of research on the impacts of COVID-
19 on the mental health and well-being of CS students in particular,
there is a wealth of research for students in general, and it is reason-
able to assume that these findings will be replicated to a large extent
in CS students. However, there is some research that indicates that
CS students may be more vulnerable to mental illness than the
general population: Passos et al. [49] demonstrated that a group of
CS students showed higher levels of anxiety and depressive symp-
toms than either the general population or medical students. In
a group of 174 students, the researchers found that 81% reported
that their well-being had been negatively affected by the pandemic,
with social isolation being the most reported factor, followed by
delay in academic progression, risk of infection and death of family
and friends. They found that both the number of factors affecting
well-being and the mean number of negative feelings were higher
for female students [49].

Mooney and Becker [46] investigated the impact of the pandemic
on computing students’ sense of belonging as discussed in section
8. Their study was motivated by a university-wide survey of the
students at their university in 2020 where half of students ranked
“COVID-related stress and anxiety” as “extremely challenging” or
“very challenging”.
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These findings are broadly in line with research exploring the
impact on students generally. Multiple studies in many different
countries found mental well-being in students was negatively af-
fected by the pandemic, and where the sex of the respondents was
considered, female students largely reported more negative impact
than male.

As noted by Schlesselman, Cain, and DiVal [55], not all students
responded to the pandemic similarly as each person has a unique
set of resilience factors which only become particularly apparent
during traumatic events. A variety of factors affect how traumatic
the pandemic period was for any particular student.

Many studies found immediate negative impacts on students
from COVID-19. Section 8 discusses many of the issues surrounding
community building during the pandemic. Isolation and loneliness
are highlighted in much of the literature around mental health and
well-being as being exacerbators of poor mental health, depression
and anxiety, so the discussion in section 8 is very pertinent to the
issues discussed here.

Several papers reported increases in stress and anxiety (e.g.,
[16, 26, 29, 31, 62, 78] and difficulty in focusing on learning ([31, 62]).
Chierichetti and Backer [12] reported the results of surveys that
were administered to US university students in Spring and Fall
2020 to understand the effects of the COVID-19 pandemic. 79%
of students reported either a moderate or a great deal of stress
related to having to stay at home. Chirikov et al. [13] found that
the prevalence of major depressive disorder amongst graduate and
professional students at 10 American universities in 2020 was dou-
ble the prevalence from 2019, and generalised anxiety disorder was
1.5 times higher.

Issues around mental health and anxiety were generally found
to be worse for female students [26, 52]. Other groups identified as
being particularly at risk include students of color, LGBT students
and students who are caregivers [13] as well as rural, low-income
and academically underperforming students [36]. In addition, Cao
et al. [11] found that living in an urban area, living with family
and having a stable family income were protective factors against
anxiety while having relatives and friends with COVID exacerbated
anxiety.

Evans et al. [18] provided longitudinal analysis of 254 UK under-
graduates, mostly female, finding that over a third of them could be
classified as clinically depressed, as opposed to 15% in 2019, prior
to lockdown. Son et al. [62] also found that 86% of 195 US students
reported disruptions to sleep. In contrast to some popular narra-
tives around behaviour during lockdown, Evans et al. [18] found
that alcohol consumption decreased in the students they surveyed;
however, Zimmermann, Bledsoe and Papa [78] found that a quarter
of the 205 US students they surveyed reported using drugs and
alcohol to manage pandemic-related stress, and Prowse et al. [52]
also reported similar findings for Canadian students.

Wasil et al. [70] looked into what the common stressors were
for 305 students - specifically graduate and professional students -
during the pandemic, and strategies they used to ameliorate these.
The key factors identified were problems with productivity (27%),
physical health (26%) and emotional health (14%). Students that
commonly used strategies that they believed to be effective (primary
behavioral patterns such as exercising and social strategies such
as seeing friends) to deal with these issues reported 29% lower

Figure 14: Boxplot of undergraduate survey respondents’
rating ofmental health/personalwell-being during pandemic
(0=Very Negative, 10=Very Positive), grouped by when the
respondent first became a student at their current institution.

depressive symptoms than thosewho believed their common coping
strategies were not effective (for example, watching television).

In addition to increasing existing anxiety symptoms, new symp-
toms emerging from the pandemic, like concerns about contracting
illness, or concerns for the safety of family and friends, were com-
monly reported [26]. Where students from different regions were
surveyed, concerns about mental health were found to correlate
with pre-pandemic patterns (for example, mental health issues ap-
peared to be higher in the US) [26].

Eaton and Turner’s [16] small study suggested potential issues
of academic integrity were exacerbating mental health difficulties
in students. This research in particular provides emerging evidence
that e-proctoring exacerbates stress levels far beyond what might
normally be expected in face-to-face exams.

Conrad et al. [14] found that students who were mandatorily
relocated due to campus closures reported higher levels of grief,
loneliness and anxiety, especially those who had to leave personal
possessions behind.

There is evidence of serious ongoing mental health issues com-
ing out of the pandemic. Research on 4355 students in Wuhan [38]
- where the pandemic was originally reported and where lockdown
was severe and prolonged - found that 16.3% of students were as-
sessed as having post-traumatic stress disorder (PTSD). In contrast
to several reports that found female students suffered more severe
mental health issues, this research found that male students were
more likely to suffer from PTSD, with older male postgraduate
students specifically at risk.

6.2 Results
Figure 14 shows a boxplot of undergraduate students’ ratings
of their mental health/personal well-being during the pandemic
grouped by the year students started their program of study (see Ap-
pendix A, question 14). The overall mean rating was 4.717 and the
median was 5.0. Undergraduate students starting at their current in-
stitution before the pandemic reported slightly lower mental health
experiences (mean 4.5, median = 4) compared to students starting
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Figure 15: Boxplot of undergraduate survey respondents’ rat-
ing of mental health/personal well-being during pandemic,
grouped by their enrollment year at time of response (0=Very
Negative, 10=Very Positive).

at their institution during the pandemic (mean = 4.8, median = 5).
These figures suggest that ratings of mental health and personal
well-being were slightly worse for students starting pre-2020, but
per a Mann-Whitney test (as ratings are not normally distributed)
the difference was not statistically significant (W = 8056, p-value =
0.335). Slicing the mental health ratings data by program level (grad-
uate vs. undergraduate) did not show any significant differences
(W = 5372.5, p-value = 0.903).

When comparingwhethermental health and personal well-being
ratings differed depending on the year of study of the respondent,
there was also no significant difference noted. Figure 15 shows
a boxplot of mental health and personal well-being ratings from
students, grouped by respondents in years 1 and 2 of their studies
vs. respondents in years 3, 4, and 5 of their studies. The mean rating
for students in years 1 or 2 is 4.365 and the median rating is 4.0,
whereas the mean rating for students in upper years is 4.837 and
the median rating is 5.0. The boxplot suggests that ratings of mental
health and personal well-being were slightly worse for students
currently in years 1 and 2 of study, but not statistically significant
(per a Mann-Whitney test with W = 5257.5 and p-value = 0.269).

An investigation into the relationship between online class
modality during the pandemic indicated that mental health rat-
ings had a positive correlation with the proportion of online classes
taught synchronously and a negative correlation with the propor-
tion of online classes taught asynchronously, as shown in Figure 16.
This relationship was confirmed statistically using a linear regres-
sion model, which showed the proportion of online courses taught
synchronously was predictive of mental health ratings (t-value =
2.197, p = 0.0293).

Student health and well-being was a subject that came up fre-
quently in the free-form comments. In line with what we found
in the existing literature, most comments around mental health
were negative, with a significant focus on loneliness and isolation:
“[there] was a lot of loneliness and learning to do things on my own, I
felt very isolated” (P32, undergrad 3), “I got really isolated by living
alone“ (P34, grad 3), “It was difficult to adapt to extreme isolation,
truly a soul-altering experience” (P204, undergrad 3). One student

Figure 16: Undergraduate survey respondents’ rating of men-
tal health/personal well-being during pandemic (0=Very Neg-
ative, 10=Very Positive), plotted against % of respondent’s
pandemic online courses taught asynchronously (yellow) and
synchronously (purple) during the pandemic.

mentioned that having moved for studying meant they were very
susceptible to isolation. Lack of exercise due to lockdown and dif-
ficulty sleeping were also mentioned as challenges: “I even can’t
fall asleep normally” (P161, grad 5+). One student highlighted how
constantly being online - for work, socialising, entertainment, etc. -
led to feelings of burnout. There were many comments from stu-
dents around lack of community and networks, with clear linking
of this to mental health challenges for some students “The lack
of socialising made it much less like a university feeling, leading to
mental health issues” (P99, undergrad 2), “the social skills I had built
up through in person were severely diminished” (P176, undergrad
5+). A neurodivergent student (P3, undergrad 2) reported finding it
nearly impossible to learn in online lectures.

However, a few students had more positive views on the pan-
demic’s impact on their well-being, and valued that the flexible
approach to learning and the opportunities of remote learning.
“Having online classes didn’t impact me as much because I have diffi-
culty paying attention to classes, and end up studying everything on
my own anyway” (P17, undergrad 3), “Not having to waste on com-
muting and having a flexible schedule was a big positive for me” (P17,
undergrad 3), “Maintaining a consistent schedule is extremely diffi-
cult, particularly with mental health issues and things like burnout,
so being able to drop in and watch pre-recorded lectures when I was
“in the mood to” contributed substantially to my academic success
during the pandemic” (P65, undergrad3). Some students struggle
with social issues on campus, and these students may find benefits
in remote learning: “I don’t feel alone when I study at home, whereas
on campus I feel alienated and isolated due to a variety of personal
factors” (p72, undergrad 3).

It is important to note that whilst the literature supports the
theory that mental health in students declined during the pandemic
and provides a basis for believing that this is likely to be the case in
the students surveyed, we do not have any direct evidence to prove
this is the case. The survey asked students about their mental health
during the pandemic, and did not ask them whether they perceived
any change in their mental health prior to the pandemic. We also
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do not have any data about the mental health and well-being of
this group of students outwith this survey.

6.3 Discussion
Both the literature review and the results from our survey follow
the general narrative we have seen developing during the pandemic:
that mental health and well-being have been negatively affected,
with feelings of isolation and anxiety intensified when compared
to pre-pandemic levels. One interesting finding in our survey re-
sponses was that while student comments largely followed the
patterns in the literature, some students commented positively on
how COVID-19 affected their mental health. While few students
want to see a continuation of the kind of remote learning they did
during COVID, many of them also do not want to see a wholesale
return to pre-pandemic learning. Instead, many students want to
see aspects of pandemic learning continue - primarily recorded
lectures and options for hybrid learning - while returning to face
to face for other aspects. A move towards more flexible education,
with different options for students with different needs, could help
to improve student well-being for all.

Additionally, educators will need to be aware of and responsive to
the trauma and challenges students have faced during the pandemic
years, and be sensitive to the ways in which it will affect learning
in the future.

7 STUDY SKILLS AND SUPPORTS
7.1 Prior Work
There is a lack of literature on students’ study skills during the
pandemic. The available studies focused on early 2020 when uni-
versities adopted emergency online instruction. Students inevitably
struggled through this sudden change to online learning. Board-
man et al. [7] surveyed 109 undergraduate students in a liberal arts
college - finding that students felt less motivated to work and spent
more time procrastinating after the switch to emergency online
learning.

Fortunately, the emergency move to remote instruction in early
2020 positively impacted students by encouraging self-regulated
learning. Korkmaz et al. [32] surveyed and interviewed students
in traditional and online flipped classes during the Spring 2020 se-
mester at Middle East Technical University in Turkey. They found
that students’ self-regulation skills improved significantly at the
end of the semester. One possible explanation for this is that on-
line learning might have forced all students to self-regulate their
learning more than usual. Similarly, Watson et al. [71] measured
students’ self-directed learning readiness in undergraduate engi-
neering courses at The Citadel, a US residential military college.
The results showed that for all the students except juniors, their
self-directed learning increased during the six weeks of emergency
online instruction.

Instructor support is vital for students’ learning, and that was
especially true during the pandemic. Lohiniva et al. [40] showed
that students in an introductory programming course found it
imperative to receive feedback, help and encouragement from the
instructor.

During the pandemic, many instructors adopted virtual office
hours to help and support their students. These virtual office hours

Figure 17: Histogram of respondents’ agreement with “My
study skills prepared me for learning through the pandemic.”
(0=Strongly Disagree, 10=Strongly Agree).

were highly utilized [22, 30]. Gao et al. [22] found that virtual office
hours were significantly more utilized compared to in-person office
hours but had longer interactions and wait times in a CS2 course.
Similarly, Jiang and Simion [30] found that instructor virtual office
hours were overwhelmingly busy, which may deter students from
using them.

Virtual office hours encourage attendance from students with
specific characteristics. In an online CS2 course, Gao et al. [22] found
that students with low confidence and low enjoyment of solving CS
problems were more active in virtual office hours. They hypothe-
sized that virtual office hours offer students a sense of security and
make them less embarrassed when asking simple questions. More-
over, attending virtual office hours correlates significantly with an
increased interest in CS study. The researchers recommended offer-
ing in-person and virtual office hours in the future since the virtual
option attracts students with low confidence and low enjoyment,
whereas the in-person option may minimize wait time [22].

Some instructors took it one step further to offer more virtual
help to students during the pandemic. For instance, Bridson et
al. [9] experimented with providing round-the-clock support to
students using Discord in a remote software engineering course.
They received a high volume of positive feedback — students men-
tioned liking Discord and the availability of round-the-clock help.
They found that the 24/7 approach led to a considerable increase
in student-teacher interaction compared to in-person office hours
and an online discussion forum. Students from underrepresented
groups utilized Discord as much as the other students.

Overall, despite the sudden shift to online instruction, teach-
ers made use of novel technologies to provide sufficient virtual
help to students. Students reported receiving adequate support and
guidance from instructors during online learning [9, 35].

7.2 Results
Figure 17 shows the histogram of student agreement with the Likert
scale statement “My study skills prepared me for learning through
the pandemic” (see Appendix A, question 15). The mean agreement
score was 5.332, and the median was 5.
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Figure 18: Histogram of respondents’ agreement with “Learn-
ing through the pandemic has improved my study skills.”
(0=Strongly Disagree, 10=Strongly Agree).

Figure 19: Undergraduate survey respondents’ agreement
with “Learning through the pandemic has improved my
study skills.” (0=Strongly Disagree, 10=Strongly Agree), plot-
ted against % of respondent’s pandemic online courses taught
asynchronously (yellow) and synchronously (purple).

Similarly, Figure 18 represents the histogram of student agree-
ment with the statement “Learning through the pandemic has im-
proved my study skills” (see Appendix A, question 16). The mean
agreement was 4.895, and the median was 5.

An investigation into the relationship between undergraduate
student respondents’ agreements with their study skills improv-
ing and the proportion of online courses taught synchronously vs.
asynchronously showed a positive correlation between improved
study skills and the proportion of synchronous courses, as shown
in Figure 19. This relationship was statistically significant, with a
linear model showing predictive power of the proportion of classes
taught synchronously on the ratings (t-value = 2.657, p-value =
0.00859).

An additional statement, “My dependency on instructors / learn-
ing supports has increased during the pandemic” (see Appendix A,
question 17) was posed to survey participants and the histogram

Figure 20: Histogram of respondents’ agreement with “My
dependency on instructors / learning supports has increased
during the pandemic.” (0=Strongly Disagree, 10=Strongly
Agree).

Figure 21: Undergraduate survey respondents’ agreement
with “My dependency on instructors / learning supports
has increased during the pandemic.” (0=Strongly Disagree,
10=Strongly Agree), plotted against % of respondent’s pan-
demic online courses taught asynchronously (yellow) and
synchronously (purple).

of their agreement can be seen in Figure 20. The mean agreement
score was 3.739, while the median was 4.

Investigating the relationship between increased reliance on
instructors and study supports and the proportion of online courses
taught synchronously vs. asynchronously showed no difference by
modality (see Figure 21). This was confirmed by a linear regression
model which showed no significant predictive power of modality
on ratings (t-value = 0.655, p-value = 0.513).

To understand students’ perception of their study skills, we asked
them to describe the study skills they are lacking going forward
(see Appendix A, question 22). Students’ free-form comments high-
lighted several themes regarding concentration, time management,
communication, and assessments.

Participants in the study highlighted a lack of concentration
and focus with some commenting for both online classes and the
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return to in person teaching. “In online classes, I struggle to pay at-
tention properly, which is not an issue I have with in-person lectures”
(P29, undergrad 1). In contrast, “being able to pay attention in class
[face to face], was much easier to watch a video and pause when I
need to take notes. I always fall behind with note taking during class”
(P53, undergrad 2). Overall, the participants highlighted a need to
improve their concentration skills and noted that the pandemic
had impacted this ability – “focusing on lectures and paying atten-
tion in class, watching videos all day has reduced my attention span
massively” (P79, undergrad 2).

The difficulty with concentration was often combined with a lack
of time management or scheduling skills. The pandemic brought
into focus the difficulties of scheduling and finding a balance be-
tween work/study and life – “[lack] the ability to organise my own
time and create a clear divide between my study/work time and my
free time” (P146, undergrad 3). Participants were also aware that
their skills had changed - “since everything was online and I could
access the slides and videos at any time, I don’t feel like I have been
making a consistent studying routine for the last 2 years” (P157, grad
5+). Time management was very closely aligned to difficulties with
motivation and procrastination with students highlighting the dif-
ficulties faced when trying to use one space for leisure, sleep and
study.

Students were also aware of the impact on their social skills and
networking opportunities, both with their peers and professors.
This was closely linked to more general communication skills with
one comment summing this up — “The pandemic really put brakes
on communication skills” (P11, undergrad 3).

The return to face-to-face delivery has brought some new issues
to the surface particularly around assessment with many students
worried about their ability to study for closed book exams and
memorize topics. This was summarised by P55, undergrad 3 who
stated “since almost all tests during the pandemic were open-book due
to being online, I’m worried that I’m worse at studying for tests and
exams.” “All online courses let us access our notes during tests/exams.
So I didn’t have to fully memorize all my notes. If any courses don’t
allow us to do that now, I feel that I will struggle to remember my
notes clearly enough” (P64, undergrad 3).

7.3 Discussion
Participants were neutral regarding the relationship between their
study skills and the pandemic. They neither felt that their study
skills prepared them for the pandemic, nor felt that the pandemic
improved their study skills. The literature showed that students’
study skills improved significantly during the emergency online
instruction at the beginning of the pandemic [32, 71]. However, we
did not find more follow-up work examining students’ study skills
in the period that followed.

Online learning encouraged instructors to find new ways of of-
fering help to students. However, our survey responses suggest
that participants weakly disagree with the statement that their
dependency on instructor and learning supports increased during
the pandemic. This contradicts some of the literature on virtual
office hours showing that virtual office hours were significantly
more utilized than in-person office hours [22, 30]. Prior work high-
lighted several benefits of virtual office hours, such as providing

access to students from underrepresented groups and attracting
more students with low confidence and low enjoyment in solving
CS problems. The one downside of virtual office hours is longer
interactions and wait times. Going forward, it would be beneficial
if instructors held both in-person and virtual office hours so that
students can benefit from the equitable access afforded by the vir-
tual office hours and the shorter wait times provided by in-person
office hours.

8 COMMUNITY BUILDING
8.1 Prior Work
Several studies acknowledged that while studying remotely during
the pandemic, it was important to build academic communities
of students and faculty in order to provide a sense of belonging.
Being part of the academic community impacts how students feel
in terms of being able to answer their academic-related daily issues
and worries and the practices they engage in to face them [17].

The literature covering community building and sense of be-
longing for CS students studying remotely during the pandemic is
relatively limited. During that time, faculty in many cases focused
their efforts on the teaching element of online delivery. No-one
could be sure how long the emergency remote teaching would last,
and with that, which aspects of the university experience needed
to be adapted. Many faculty members lacked experience with on-
line modes of instruction and with the development of effective
strategies for building community online [8]. It has now become
clear that ensuring a sense of belonging and encouraging commu-
nity building has a positive effect on students studying both online
and in-person. Lewis et al. [37] reported that faculty teaching CS
courses at their university have now focused more of their attention
on techniques to foster peer-to-peer relationships online, and see
the study of the effects of such efforts as an important avenue for
future work.

Mooney and Becker [46] surveyed undergraduate computing
students over a three-year period between 2017 and 2020, asking
about their sense of belonging. The researchers found that “COVID-
19 had a larger impact on the sense of belonging of all students in
the space of a few months than we otherwise observed over the
two prior years”. A student’s sense of belonging is often boosted by
informal messages in classrooms, which are not easily transferred
into virtual classrooms [40].

Lewis et al. [37] examined UCSD computer science students’
connection to their peers in Spring 2020 compared to Fall and
Winter 2019. In the majority of courses the number of peers that
students felt comfortable reaching out to had significantly dropped
after the transition online. The study found that for some of the
later courses the drop was smaller, as students in these courses may
already have existing social networks. Social support is important
in introductory computing courses where students do not yet have
their own networks, as well as in online courses more generally
[37].

Students’ sense of belonging is an important construct to moni-
tor and evaluate. During the move to emergency remote teaching
during the pandemic, students lost many of the aspects of the learn-
ing experience that can improve their sense of belonging [72]. For
many students, the degree of interaction with the instructor and
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involvement in classroom socialisation are important social aspects
of their university experience. In addition to student-staff rapport,
student-student interactions are an important component of com-
munity building for students [6, 20].

Traditionally, students assemble and interact before, during, and
at the conclusion of a class session, leading to organic opportunities
for social interactions [42]. Tice et al. [66] suggested that the de-
velopment of student-instructor relationship and student-student
relationships can be supported by opening up time at the start of
online classes for students to spend connecting and socialising.
Majewska and Vereen [41] found that by allowing time and space
at the end of online live classes, numerous students remained in
the virtual classroom for an additional 10-30 minutes past the end
of class to ask questions related to the course, share their thoughts,
and discuss their online study experiences.

As another way to initiate informal conversation, some faculty
used polling tools with questions designed with the intention to
facilitate camaraderie among students [8]. However this method
was not evaluated by CS students in any studies we found.

Informal peer support is valuable to students so that they can
relate their own experience with learning computing to those of
their peers. It was especially important for students studying online
to realize they were not the only ones struggling with learning to
program [40]. Peer support in in-person classes can be transmitted
by facial expressions and informal oral communication including
smalltalk, which do not translate as well to the virtual world.

Lohiniva and Isomottonen [40] considered which activities and
situations improved collaboration and communication. A reduction
in peer support and the will to help others were observed in the
virtual setting, with one respondent stating “The fact that you don’t
know... that I can’t even connect the name with the face and who is
who, and who are these people... so I couldn’t be bothered helping
others with their problems” [40].

However, Thiry and Hug [65] found that nearly three quarters
of CS students in their study reported that their interactions with
peers and study groups outside of class helped their learning during
the spring 2020 campus closures. They found that students judged
informal peer interaction as more helpful to their learning than
faculty-directed group assignments. During remote teaching, some
students used their initiative to form themselves into study groups
(or micro-communities) with other students that they already knew
which increased their study motivation [40] .

Faculty can also establish online peer support groups. Though
many faculty randomly assigned students to breakout rooms in
online classes, some faculty members divided students into smaller
groups with the intention of allowing collaborations and more per-
sonal enduring connections. Faculty noted that the smaller groups
allowed students to establish camaraderie with classmates. Tice
et al. [66] mentioned that, in their experience, keeping the groups
persistent each week enabled students to develop friendships even
during the strictest lockdown phases.

However some CS student feedback gathered by Messmer and
Berkling [44] was that natural study group formation was preferred,
rather than forced group formation in breakout rooms in classes
for example. One student from this study said “People have to be
motivated to get to know others themselves, otherwise it won’t
work. There is no time in the lecture to get to know each other”.

In the absence of face-to-face opportunities for social connection
with peers, during remote learning instructors of online courses
are therefore encouraged to investigate how they can provide an
appropriate platform for interactions between students [41] with
the aim to develop supportive learning communities [40].

It can be challenging to address important social aspects of the
university experience when planning and delivering remote teach-
ing [21]. Some of these important facets of delivery cannot always
be adequately replicated in virtual learning environments, particu-
larly for synchronous communication.

Forums and discussion boards on Learning Management Sys-
tems (LMS) are commonly used in online courses to facilitate social
interactions and community building, yet their asynchronous na-
ture and lack of real-time dialogue can make them feel forced and
artificial, and it is easy for students to disengage from them [40, 41].

Some CS students in a study byMessmer and Berkling [44] stated
that online events to encourage social interaction are no substitute
for naturally engaging with fellow students. However, an online
community that emulates or improves on-site interaction is not a
natural occurrence and has to be specifically fostered.

Messmer and Berkling [44] also found that the LMS platforms
prevented CS students in their study fromworking in their preferred
ways. For example, they were restricted from uploading materials
to certain content areas on their own initiative, and from creating
their own course rooms for collaborative working and sharing of
information.

Several studies found Discord and Slack to be popular tools for
students to communicate with each other both inside and outside
of class [5, 21, 40]. Use of this type of communication tool enabled
constant interaction via multiple channels. Discord has also been
used by faculty to communicate with students [44] and with tutors
[45, 69].

Discord as a technical platform is an appropriate starting point
for an online learning community [44, 45, 69]. Prior to the pan-
demic, Mock [45] studied how CS students were using Discord for
socialising, finding study partners, and other community-building
activities. Vladoiu and Zoran [69] found that Discord helped tremen-
dously by contributing to building a resilient community during
the pandemic.

Gama et al. [21] experimented with an approach to stimulate
more intense online social interactions among students in an elec-
tive course. They utilized a hackathon format for the development of
the students’ project. Hackathons involve the synchronous collabo-
ration among teammembers toward a common goal. In a traditional
hackathon participants are intensively collocated, which had to be
adapted for an online scenario. The researchers found that the voice
channels and screen sharing features of Discord helped to create a
sense of virtual collocation for students to socialize, work and learn
together synchronously, and solve problems collaboratively [21].
The students reported that they found it exciting and motivating
as they felt closer to each other, immersed in the same working
environment.

Messmer et al. [44] felt that even the naturally grown learning
environment for their CS students on Discord lacked some aspects
of social presence. They built in some of these missing elements
by using bots that provide more structure, modes of overcoming
shyness, and informal means for communicating. The bot designs
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were verified using a student survey and will be evaluated in future
work.

Latulipe and De Jaeger [34] used Gather.town with CS students
who reported that they liked the interactivity and social connection
aspects of this platform. Students reported making friends in the
Gather.Town CS1 classroom, similar to in-person, team-based CS1
classes.

Thiry and Hug [65] reported that faculty arranged co-curricular
club meetings and workshops online to continue to provide pro-
fessional development activities during the pandemic. They found
that, even though for some the pandemic slowed progress for the
development of student communities, for others it created opportu-
nities to improvise and include students who may not otherwise
be able to attend activities in-person.

8.2 Results
Figure 22 shows the histogram of undergraduate student agree-
ment with the statement “I was able to find meaningful commu-
nities/groups for learning during the pandemic” (see Appendix
A, question 18). The mean agreement score was 3.29 and the me-
dian was 3.0. This indicates that the majority of students were not
able to find meaningful communities of learning, and supports the
literature findings indicating that more work is needed in this area.

Ability to find community may be strongly impacted by oppor-
tunities for interacting with other students, which may be more
prevalent when classes meet online synchronously. To investigate
this relationship, we plotted student responses to the ’finding com-
munity’ question against the percentage of their online courses
that were taught synchronously vs. asynchronously (Appendix A,
Question 10). This is shown in Figure 23. This result was confirmed
statistically using a linear regression model, which showed the
proportion of online courses taught synchronously was predictive
of experience ratings (t-value = 2.911, p = 0.00398).

Some of the free-form comments from the qualitative data anal-
ysis supported the existing literature about students’ need for con-
nection and social interaction. “It seemed that all you did was just
sign on, listen and then leave. The sea of black boxes didn’t allow you
to connect and have the in-person feeling” (P110, undergrad 4).

The connection between social interaction and learning was
also referenced. “Learning isn’t just swallowing material. Being able
to interact with other students, even if not for the express purpose
of revision often leads to better learning when discussing material
casually” (P150, undergrad 4).

Another comment specifically mentioned peer support. “Peer to
Peer learn. Is something that I always thought really help since you
needed to really understand the topic to teach it to someone” (P110,
undergrad 4).

The difficulties with finding meaningful learning communities
was explicitly referenced in the student feedback data. A postgrad-
uate student commented “It was hard to find meaningful commu-
nities/groups for learning since I didn’t get a chance to meet my
classmates in-person” (P67, grad 2). The literature review findings
regarding the importance of online student communities were sup-
ported by some survey comments we received too. “It would be nice
to have a stronger sense of community through online experience in
the virtual space for times like the pandemic” (P232, undergrad 2).

Figure 22: Histogram of undergraduate survey respondents’
agreement with “I was able to find meaningful communi-
ties/groups for learning during the pandemic.” (0=Strongly
Disagree, 10=Strongly Agree).

Figure 23: Survey respondents’ level of agreement with “I
was able to find meaningful communities/groups for learn-
ing during the pandemic.” (0=Strongly Disagree, 10=Strongly
Agree), plotted against % of respondent’s pandemic online
courses taught asynchronously (yellow) and synchronously
(purple) during the Pandemic.

8.3 Discussion
Both the literature review and the results from our survey confirm
the importance of building communities for students to support
both their learning and the social aspects of their studies. Some
research reported that the creation of online communities allowed
some students to participate who otherwise wouldn’t have [65].
The literature discussed above does highlight some positive benefits
to community building during online learning, and since we did not
ask respondents directly about whether they had positive experi-
ence around community building during the pandemic, we cannot
rule this out. However, the majority of research demonstrates the
difficulties of community building during the pandemic as opposed
to in non-pandemic situations, and the student comments from the
current study did not refer to any positive examples of community
building from their experience. The comments primarily addressed
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the lack of community they experienced and the respondents’ desire
for more of it when studying online.

It is understandable that social aspects of community building
were not factored in from the start of the pandemic-related emer-
gency remote teaching, as there were many other important and
more immediate functional aspects to consider at the time, and
faculty could not foresee how long this new way of teaching and
learning would last. However, over time indications emerged that
students’ health and well-being were being affected by the unex-
pected move to online learning. Several student respondents in our
study referred to their feelings of isolation. A sense of belonging
has been conceptualized as a key component of a sense of commu-
nity [43], and can provide a protective role for individuals’ mental
health and well-being [17].

There is now recognition of the importance of academic com-
munity building but more work is needed to alleviate the problem
for CS students studying both online and in-person. It is suggested
that going forward the social and community building aspects of
learning should be factored into online teaching and instructional
plans at an early stage.

9 MODALITY PREFERENCES
9.1 Prior Work
The impact of COVID-19 will continue to become evident in higher
education institutions in the short, medium and long term.Whether
it be for students, staff, our methods of delivery, assessment or
institutional policies, the changes we make will revert, remain and
distort as we unpack and come to terms with our new normal.
Understanding student preferences for the modality of our course
offerings is fundamental on this journey.

Different modalities of teaching have been explored during ‘nor-
mal’ circumstances where there is time for them to be planned,
prepared and developed over time. However, the emergency move
to online learning did not allow institutions to take full advan-
tage of the benefits and possibilities offered by online or hybrid
formats [28].

Institutions can employ several delivery modes, such as in-
person face-to-face, remote, and hybrid. The default delivery
method for most higher education institutions before the pandemic
was in-person, with both the student and the teachers in the same
physical location for the delivery of the class [68]. This face-to-face
delivery enhanced learning due to the interpersonal contact be-
tween students and academic staff and between students and their
peers. Students benefit from self-learning, low costs, convenience,
and flexibility [1].

These in-person sessions often fall into two main categories
within computer science education: lectures and lab activities. Lec-
tures are delivered live, with supplementary materials, often in the
form of PowerPoint presentations, videos, audio, demonstrations, or
a combination thereof [23]. The interactive nature of this modality
relies on discussions, feedback and Q&A to confirm student under-
standing. Lab sessions consist of more practical, hands-on computer
science components, such as programming, which depend on spe-
cific software packages or hardware. During these sessions, students
participate in the real-time execution of a practical exercise, either
individually or in groups [23].

Figure 24: Reported course delivery modality for all students:
pre-pandemic, pandemic and desired in future courses.

During the pandemic, students expressed a preference for hybrid
learning. Zhou and Zhang [77] studied the pandemic’s impact on
students’ learning experiences in the USA one year after the out-
break began. They found that hybrid was the optimal among the
three delivery modes (in-person, hybrid, and remote) since students
received sufficient support from the campus interactions and this
mode simultaneously had the lowest anxiety level.

Several studies compared students’ perceptions of different on-
line learning delivery modes and found that students preferred
online synchronous delivery to asynchronous delivery [3, 50]. For
instance, Peimani and Kamalipour [50] reported that students found
it more helpful to attend live online lectures than to watch pre-
recorded videos. Similarly, Aristovnik et al. [3] found students pre-
ferred real-time video conferences over available video recordings.

Many factors influence students’ satisfaction with online learn-
ing. Kovačević et al. [33] highlighted the importance of interaction
with peers and previous positive experiences of digital platforms.
In their study of 337 participants, Singh et al. [61] found that ad-
ditional activities such as participation in clubs, internships and
jobs had a significant impact on students’ choice of teaching and
learning mode.

9.2 Results
Part of the study conducted for this working group explored the
modality of courses offered before, during, and after the pandemic
(see Appendix A, questions 8, 9, 10, 20, 21). During the pandemic,
nearly all participants experienced a move away from in-person in-
structional delivery. The current experience of higher education is a
mixture of in-person, online asynchronous and online synchronous
with in-person being the nominate method. The study revealed dif-
ferences in both the experiences and preferences of undergraduate
and graduate students as shown in Figure 24.

Graduate students had more exposure to online delivery meth-
ods pre-pandemic than did undergraduates, as seen in Figures 25
and 26. During the pandemic the experience of both groups is very
similar, however, looking to the future there are some differences.
Undergraduate student have increased their desire for the online
asynchronous and online synchronous modalities with the most
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Figure 25: Undergraduate respondents’ reported course deliv-
ery modality: pre-pandemic, pandemic and desired in future
courses.

Figure 26: Graduate respondents’ reported course delivery
modality: pre-pandemic, pandemic and desired in future
courses.

significant difference being in online asynchronous. Graduate stu-
dents show a decrease in the in-person and online synchronous
modalities with online asynchronous increasing in popularity.

Figure 27 shows the proportion of each modality that respon-
dents would like to see in the future, based on respondents’ self-
declared gender identity. This shows that non-binary participants
have a preference for more online courses than respondents who
identify with as a man or a woman, and woman-identifying respon-
dents expressed the least interest in online asynchronous courses
in the future.

Some participants were positive about learning online with one
commenting – “online learning pattern is a meaningful exploration,
even after the pandemic, we should use more online learning instead
of in-person learning, it’s efficient, cost-saving and provides wider
institution options for students” (P5, grad 2). The benefits of recorded
session were a popular observation with playback options such as
double-speed and replay helping students with their learning and
time savings on their commute to campus. Others were less sup-
portive, describing their online experience as “the sea of black boxes”

Figure 27: Desired proportion of course modalities in the
future, by gender identity of respondent.

(P110, undergrad 4), their learning experience being “significantly
worse than any other time”, “pathetic” (P16, undergrad 2) and one
participant stating that “this cannot replace the in-person education
system” (P1, grad 5+).

The lack of personal contact, “just sign on, listen and then leave”
(P110, undergrad 4) and the detrimental impact on mental health
with participants feeling isolated – “I felt negatively impacted by
being isolated from peers and by the lack of studying independently
in small groups which is key to understanding the content well” (P145,
undergrad 5+).

Some were more critical of their face-to-face experience – “in-
person learning is objectively worse and needs to be eliminated from
computer science education” (P14, undergrad 4) and others found
benefits in studying online – “I’m more productive, lessons are far
more enjoyable, I save money, I have the ability to push myself fur-
ther with my coursework than I can with on campus classes” (P72,
undergrad 3).

9.3 Discussion
The pandemic has allowed CS students to experience alternative
instructional modalities which they would otherwise not have expe-
rienced. Very little data exists on students’ future preferences, and
this is a key strength of this work. Unfortunately, the participants
were exposed to these alternative modalities during the stressful
and unique life event of a pandemic. This forced institutions into
rushed online delivery and the challenges and best practices may
differ from those who voluntarily study online [10]. We must be
mindful of the circumstances of this experience and consider if
exposure to online synchronous and asynchronous methods during
‘normal’ times would have resulted in a different set of responses.

The vast array of comments from survey participants makes
it difficult to identify common themes but what emerged are the
differences and an understanding that CS students at all levels are
individual, with competing demands and different experiences, per-
ceptions, and options. The future of CS education needs to respond
in a hybrid manner, combining face-to-face and online delivery.
This was summed up by one participant – “the opportunity to gather
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and learn face-to-face, while having the content accessible and online
when needed” (P32 undergrad 3).

10 DISCUSSION
The final question on our survey asked students to describe what
they felt their future educational experience should look like (see
Appendix A, question 25). 160 of the 304 respondents shared com-
ments in answer to that prompt. Their answers touch upon all of
the themes investigated in this work.

Some respondents wrote about their experiences with virtual
learning intertwined with their health and well-being as a basis for
what they wanted to see happen in their schooling going forward.
One undergraduate who entered university in 2020 did not have
a frame of reference to pre-pandemic higher education so they
couldn’t imagine what their future educational experience would
look like. Other accounts varied. “Being in the classroom/lecture hall
is much more engaging than staring at a screen” (P171, undergrad 3).
One expressed their wish to move forward with in-person classes
because “In person learning is still better for individuals that have
learning difficulties such as ADHD, perhaps online classes are good
for others but I struggled to maintain focus on online work” (P62,
undergrad 3). An undergraduate in their second year asked for
“more in-person classes [please,] online ones are just depressing” (P152,
undergrad 2). Another simply wrote “i hope i find better ways to
study” (P19, undergrad 1).

Of the 160 students who gave an answer to this last survey
prompt, the majority, 112, expressed an opinion on the preferred
modality of their future education. 11 wanted all of their instruction
and activities to be delivered online-only, 17 said that students
should be given an option to choose, 32 asked for hybrid education
(“Face to face to collaborate, online to elaborate” (P105, undergrad
3)). Another 43 participants were adamant that classes should be
in-person-only.

Many students that asked for hybrid or in-person-only future
modalities thought this should be how education moves forward be-
cause of the possibility to build community with others. “Interacting
with peers and instructors in person helps us learn important social
skills that we can use as we work” (P102, undergrad 2). “Especially
small classes such as tutorials and labs should be delivered in-persons
as they enable getting to know your classmates in every one of your
courses and working together with peers on lab/tutorial exercises and
learning from each other” (P145, undergrad 5+). “I develop better
relationships with my professors in person though, and I am unsure
that can really be mimicked in an online environment. I do like my
online professors, though what I have with my face to face professors is
not really comparable.” (P117, undergrad 4). “Encouragement to form
groups with other students. That was lacking during the pandemic”
(P160, undergrad 4). One student put it very succinctly, “I want to
hang out with other students on campus between classes again” (P55,
undergrad 3).

Technology was also a big theme in the responses to the final sur-
vey question. The vast majority of participants mentioned recorded
lectures, some going so far as to say that all activities should be
recorded. “Even before the pandemic, I really appreciated when an
instructor would record their lectures in case someone was sick or
missed a day, so I hope that continues” (P213, undergrad 4).

Many survey respondents were wishing for greater accessibility
to materials online to help with prep, note taking, and studying.
Some said that we should leverage technology to make lectures
more interactive and more collaborative. “Future education should
be Interactive” (P302, undergrad 3). “I think further learning benefits
can be achieved by using digital devices in the classroom” (P273, un-
dergrad 3). “Using emerging technologies to increase student learning.
Things like AR/VR, new learning platforms, updated textbooks, etc.
Also more experiential learning opportunities as that is how students
actually solidify what they have learned in the class” (P135, under-
grad 4). “I believe technology should increment the real, physical
classroom in ways to promote Active Learning for all the students.
Peer Instruction, which uses online quizzes with the help of click-
ers/smartphones, is a good example of this” (P34, grad 3).

Study skills and supports were also addressed by respondents.
Some respondents appreciated the changes in assessment during
the pandemic and expressed the opinion that going forward classes
should be more conceptual, assessments should be project based,
and exams should be open book with internet access and focus on
testing students’ understanding rather than their “ability to mem-
orize something for one night” (P115, undergrad 2). A respondent
shared their thoughts that future educational experience should be
“better suited to the individual’s learning style with a small percentage
of taking them out of their comfortable learning style for exposure
and growth” (P227, undergrad 3). Another shared their opinion that
“we should also encourage in-person interaction between students, but
in new innovative ways (pair-programming instead of lectures, for
example)” (P210, undergrad 1).

Several students mentioned that having some or all classes online
would let them set their own pacing and could help save time that
they’d otherwise spend commuting. Saved time was seen as having
other benefits as well. “Face-to-face classes are ESSENTIAL both for
social and for the ease of exchanging information, but there is the
possibility of some classes being online (synchronous/ asynchronous)
makes life a lot easier because it gives us freedom and flexibility to
better handle study schedules and circumvent the challenges of sup-
porting ourselves with jobs and so on” (translated from Portuguese,
P36, undergrad 1). “I would like lectures to be available online go-
ing forward as it makes higher education more accessible to working
students and those with care-responsibilities” (P210, undergrad 1).

Several respondents spoke about accessibility. Two wrote that
future education should be “Accessible for all through the incorpora-
tion of distant learning techniques we learned and developed over the
pandemic” (P107, grad 1); “An environment where each person can be
taught” (P290, undergrad 3). Another shared that recorded lectures
“are great for students with learning disabilities as they can better
adapt their studying to their individual needs” (P145, undergrad 5+).
As one student said, “Our educational experiences should be flexible
and easily adaptable to the needs of all students– pandemic related
or not” (P66, grad 1).

11 CONCLUSIONS
This work provides an insight into the experiences of computing
students during the COVID-19 pandemic.

This paper presents contributions to the existing body of knowl-
edge, including: i) a literature review exploring the impact of
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COVID-19 on the student experience with a particular focus on
six key themes; and ii) a survey that captured the experiences of
304 students regarding the impact of COVID-19 on their learning
journeys.

Guided by the results of the survey, the authors of this paper
would like to make some recommendations for future instructors.
Recording lectures and making them available along with all other
materials is something that students see tremendous value in and
instructors should strongly consider implementing this. Instructors
should contemplate offering virtual options to their in-person office
hours as well. Strong consideration should also be given to the
use of communication tools, allowing students to pose questions
to instructors, TAs, and their peers; and answer questions from
others. Being able to keep in touch with other students and fac-
ulty builds community, strengthens students’ sense of belonging,
and improves their sense of wellbeing. Furthermore, employing
interactive quizzing tools and moving toward more experiential
learning could boost student engagement. Students also expressed
wanting more options on how to attend class. When offering online
instruction to undergraduates, faculty should opt for the online
synchronous modality for a better learning experience. Offering
hybrid or fully online lectures could be beneficial in offering stu-
dents flexibility but online classes should be kept small to prevent
participants from feeling isolated and getting lost in the crowd.

11.1 Limitations
The remote nature of this working group presented a number of
limitations that can be reflected on. First, the open coding/thematic
analysis described in this paper happened organically, through
discussions amongst the working group team. Whilst many of
these points were captured and are discussed in the paper itself,
due to the nature of the remote working group, it may be possible
that some of the finer detail may have been missed. An Inter-Rater
Reliability analysis was planned, but uncompleted due to timing
issues.

Furthermore, the literature review itself was built by different
subsets of the working group. Inevitably, this led to differences in
what was documented, and how – leading to some gaps when con-
sidering quantitative data on papers analysed, returned, excluded,
etc. Whilst much of this data was retrieved and replicated, it was
not possible to do so on all counts.

The relatively late ITiCSE ’22 working group commencement
(mid-April) and compressed available time for the team to organize
and complete work artificially imposed limitations on what could
have been a survey with a much broader impact. Additionally,
due to the remote nature of this working group, it took much
longer than anticipated to get the correct ethical clearance from
partner universities in order to run this study. This limitation is
one that was experienced during the partner working group in the
previous year [58]. While mitigations were put in place to try and
overcome this (e.g. having the survey mostly ready in advance of
the working group, asking working groupmembers to preemptively
apply for ethical clearance before the start of work), the timescales
within which the group operated meant that ethical clearance was
granted mid-May. This led to a potentialEma limitation, where

many students may have missed the call for participation due to
the spring semester having ended.

We also note that responses related to adapting to technology
may be biased. The survey itself was deployed online, and students
who struggled with online technologies may have been less likely
to see or respond to the survey due to the delivery modality. This
may mean that we have missed responses from students who did
struggle with adapting to online educational technology use. As
with many voluntary surveys, it may be the case that students that
are motivated to respond are not typical and may represent more
engaged students, which can skew the results. The mix of student
responses was not always very even: for example, most of the re-
spondents from Japan are male, whereas most from Pakistan are
female. This means direct comparisons between countries should
be done with caution as there are multiple factors that could be
influencing these differences; this is one of the reasons why we
have not attempted to do this in this paper. By looking at gender
differences across the whole data set, we believe confounding vari-
ables are less likely to be a factor; nevertheless, we cannot be sure
that there are not hidden factors in the data, and conclusions should
be viewed with this in mind.

Students have experienced education during a pandemic and for
most this resulted in online delivery. This study draws conclusions
from the data provided but we acknowledge that the participants
were not experiencing online learning in normal times. Had their
classes been switched to online in ‘normal’ circumstances the re-
sults could have been very different. Participants are also comparing
face-to-face and online delivery methods without considering the
circumstances in which these materials were uploaded and pre-
sented.

11.2 Future Work
This paper presents the experience of computing students when
reflecting on their educational experience at various stages during
the pandemic. There are a number of avenues for future work,
which will be illustrated here. First, the authors are planning to
conduct a version of this survey with a wider audience, capturing
students from other subject areas. This would allow for comparisons
to be made between and within fields, to acquire more granular
data and better understand the nuances of the captured results.

Second, the authors are considering the possibility of exploring
the same issues through an institutional lens. Whilst the existing
studies have been from faculty and student viewpoints, it would
be interesting and valuable to capture the administrative lens and
better understand complicationswith regards to policy and program
requirements.

Finally, there would be value in running these studies with sim-
ilar populations in years to come, to be able to make more longi-
tudinal comparisons, and be able to make both comparisons and
reflections on this unprecedented time.
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A APPENDIX: SURVEY
The following contains the survey distributed to participants.

Survey Title: Impact of COVID on the Student Learning Experience

Research Participant Notification:
We invite you to take part in a research study exploring the

experiences of higher education students through the COVID-19
pandemic. Please read this information carefully. By taking the sur-
vey and submitting your responses, you are giving the researchers
your formal consent to the collection and use of your data.

Purpose of the research study: The coronavirus pandemic
(COVID-19) has forced an unprecedented global shift within higher
education in the ways that we communicate with and educate stu-
dents. This necessary paradigm shift has compelled educators to
take a critical look at their teaching styles and use of technology.
Higher education traditionally traditionally focuses on experiential,
in-person activities. COVID-19 has mandated that educators recon-
sider their use of student time and catalyzed overnight innovations
in the educational setting. We are an international group of re-
searchers investigating this impact, and how it will affect education
as we transition to a post-pandemic setting. We would like to invite
you to complete this survey, and/or share it across your networks.

This survey is completely anonymous and gathered data will
only be used for the purpose of research. All questions in the survey
are optional, and there is no impact for submitting an incomplete
survey. The results of this research may also be published in profes-
sional journals or presented at scientific conferences, but any such
presentations will report only aggregated findings, which in some
instances may be illustrated by short, anonymous quotes carefully
selected so as not to breach individual confidentiality.

Who can take part in the research study?: The project invites
the any students in higher education through the COVID-19 pan-
demic. We are interested in the experiences of full-time or part-time
students at any level of higher education.

What you will be asked to do: If you decide to participate in this
research you will be asked to complete a short 20-30 minute survey
about your learning experiences during the COVID-19 pandemic.

All reported data will be aggregated, and no participant will be
identifiable. No individual data will be reported, except for some
unidentified quotes from questionnaire answers that will be used to
illustrate specific findings. You will not be identified in any reports
or publications. By completing the survey, you are giving consent
to the use and of the data gathered herein. Your participation is
completely voluntary, and you are free to abstain from answering
any question(s) for any reason.

If you decide to stop participating: You are free to leave the study
at any time; if you choose to do so, simply close your browser.
Should you withdraw, all gathered responses will be destroyed.
Following submission of this survey, it will become impossible for
us to remove your data becausewe are not collecting any identifying
data that will tie you to your responses.

Questions: Please direct questions or comments to: Dr. Angela
Siegel (siegel@dal.ca | Dalhousie University); or Dr. Mark Zarb
(m.zarb@rgu.ac.uk | Robert Gordon University).

If you have any ethical concerns about your participation in this
research, you may contact the Director, Research Ethics, Dalhousie
University at (902) 494-1462, or email: ethics@dal.ca. If you do, you
may cite our research project REB file 2022-6090.

Consent Decision: Completion of the survey beyond this section
indicates your agreement to this statement of informed consent.

Research Team This study is being conducted by the following
researchers as part of an ITiCSE 2022 Working Group:

Angela Siegel (Dalhousie University, Canada)
Mark Zarb (Robert Gordon University, UK)
Emma Anderson (Northumbria University, UK)
Brent Crane (Dalhousie University, Canada)
Alice Gao (University of Waterloo, Canada)
Celine Latulipe (University of Manitoba, Canada)
Ellie Lovellette (College of Charleston, USA)
Fiona McNeill (University of Edinburgh, UK)
Debbie Meharg (Edinburgh Napier University, UK)

Questions:
(1) Program of study:

○ Undergrad
○ Masters
○ PhD
○ other (free response item)

(2) Field of study / Major (free response item)
(3) Current year of study (for selected program):

○ Year 1 / Freshman
○ Year 2 / Sophomore
○ Year 3 / Junior
○ Year 4 / Senior
○ Year 5+

(4) Institution Name (free response item)
(5) Institution Country (free response item)
(6) What is the average class size you took during the pandemic?

○ Small (<50)
○ Medium (50-100)
○ Large (100-199)
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○ Very Large (200+)
○ N/A - I didn’t study during the pandemic

(7) When were you first a student at your institution?
○ Pre-2020
○ 2020
○ 2021
○ 2022 onwards

Section: BEFORE the Pandemic - University life pre-2020

(8) Approximately what percentage of your classes were de-
livered using the following modes BEFORE the pandemic?

(a) Live face-to-face (in-person)
◦ 0% ◦ 20% ◦ 40% ◦ 60% ◦ 80% ◦ 100%

(b) Live online (synchronous)
◦ 0% ◦ 20% ◦ 40% ◦ 60% ◦ 80% ◦ 100%

(c) Online class (no live component, asynchronous)
◦ 0% ◦ 20% ◦ 40% ◦ 60% ◦ 80% ◦ 100%

(d) Other
◦ 0% ◦ 20% ◦ 40% ◦ 60% ◦ 80% ◦ 100%

Section: DURING the Pandemic - University life 2020 to 2021

(9) Approximately what percentage of your classes were de-
livered LIVE FACE-TO-FACE (IN-PERSON) DURING the
pandemic?
○ 0% (ALL ONLINE)
○ 20%
○ 40%
○ 60%
○ 80%
○ 100% (ALL IN-PERSON)

(10) (question appears only if response to question 9 was less than
100%) Approximately what percentage of your NON-FACE-
TO-FACE (i.e. not in-person) classes were delivered using
the following modes DURING the pandemic?

(a) Live online (synchronous)
◦ 0% ◦ 20% ◦ 40% ◦ 60% ◦ 80% ◦ 100%

(b) Online class (no live component, asynchronous)
◦ 0% ◦ 20% ◦ 40% ◦ 60% ◦ 80% ◦ 100%

(c) Other
◦ 0% ◦ 20% ◦ 40% ◦ 60% ◦ 80% ◦ 100%

(11) (question appears only if response to question 9 was less than
100%) How was your experience of learning virtually
during the pandemic?

0 1 2 3 4 5 6 7 8 9 10
Very Very
negative positive

(12) (question appears only if response to question 9 was less than
100%) How was your experience of adapting to new tech-
nologies used for learning during the pandemic?

0 1 2 3 4 5 6 7 8 9 10
Very Very
negative positive

(13) How was your experience of access to technology and
Internet during the pandemic?

0 1 2 3 4 5 6 7 8 9 10
Very Very
negative positive

(14) Howwas yourmental health / personal wellbeing during
the pandemic?

0 1 2 3 4 5 6 7 8 9 10
Very Very
negative positive

(15) My study skills prepared me for learning through the
pandemic.

0 1 2 3 4 5 6 7 8 9 10
Strongly Strongly
disagree agree

(16) Learning through the pandemic has improved my
study skills.

0 1 2 3 4 5 6 7 8 9 10
Strongly Strongly
disagree agree

(17) My dependency upon my instructors and/or learning
supports has increased during the pandemic

0 1 2 3 4 5 6 7 8 9 10
Strongly Strongly
disagree agree

(18) I was able to find meaningful communities/groups for
learning during the pandemic.

0 1 2 3 4 5 6 7 8 9 10
Strongly Strongly
disagree agree

(19) If you have any thoughts on your learning experience
during the pandemic, please share: (free response item)

Section: NOW and Going Forward - University life 2022 onwards
(20) Approximately what percentage of your classes are delivered

using the following modes NOW?
(a) Live face-to-face (in-person)

◦ 0% ◦ 20% ◦ 40% ◦ 60% ◦ 80% ◦ 100%
(b) Live online (synchronous)

◦ 0% ◦ 20% ◦ 40% ◦ 60% ◦ 80% ◦ 100%
(c) Online class (no live component, asynchronous)

◦ 0% ◦ 20% ◦ 40% ◦ 60% ◦ 80% ◦ 100%
(d) Other

◦ 0% ◦ 20% ◦ 40% ◦ 60% ◦ 80% ◦ 100%
(21) Approximately what percentage of your classes WOULD

YOU LIKE to be delivered using the following modes GO-
ING FORWARD??

(a) Live face-to-face (in-person)
◦ 0% ◦ 20% ◦ 40% ◦ 60% ◦ 80% ◦ 100%

(b) Live online (synchronous)
◦ 0% ◦ 20% ◦ 40% ◦ 60% ◦ 80% ◦ 100%

(c) Online class (no live component, asynchronous)
◦ 0% ◦ 20% ◦ 40% ◦ 60% ◦ 80% ◦ 100%

(d) Other
◦ 0% ◦ 20% ◦ 40% ◦ 60% ◦ 80% ◦ 100%
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(22) Which study skills do you feel you are lacking going
forward? (free response item)

(23) Which of the following learning tools would you like to
see used going forward?

(a) Document collaboration (Google Docs, Jamboard, Miro,
...)

◦ N/A ◦ No ◦ Maybe ◦ Yes
(b) Recordings of lectures (YouTube, Panopto, ...)

◦ N/A ◦ No ◦ Maybe ◦ Yes
(c) Communication Tools (Slack, Discord, Teams, What-

sApp, ...)
◦ N/A ◦ No ◦ Maybe ◦ Yes

(d) Interactive Learning Platforms (zyBooks, Runestone
Interactive, ...)

◦ N/A ◦ No ◦ Maybe ◦ Yes
(e) Real-time Interactive Quizzing (Kahoot, Mentimeter,

Poll Everywhere, iClicker, ...)
◦ N/A ◦ No ◦ Maybe ◦ Yes

(24) Have you been taught using innovations or new teaching
and learning approaches that you want to see continued
or being used more widely going forward? (free response
item)

(25) What do you feel your future educational experience
should look like? (free response item)

Section: Demographic Data
As with all questions, these fields are entirely optional. These

demographic questions will help us to understand if student expe-
riences varied based on these factors. Demographic data will not
be compared at an institutional level nor used for identification
purposes.
(26) Are you a racial or ethnic minority student in your program

(Black, Hispanic, Indigenous, etc.)?
○ Yes
○ No
○ Unsure
○ Prefer not to respond

(27) What gender do you identify with?
○ Woman
○ Man
○ Non-binary
○ Prefer not to respond
○ Prefer to self-describe (free response item)

Submit button

Confirmation page
Thanks!
Your response was submitted.
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