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ABSTRACT
As more and more face-to-face classes move to online envi-
ronments, it becomes increasingly important to explore any
emerging barriers to students’ learning. This work focuses
on characterizing student barriers to active learning in syn-
chronous online environments. The aim is to help novice
educators develop a better understanding of those barriers and
prepare more student-centered course plans for their active
online classes. Towards this end, we adopt a qualitative re-
search approach and study information from different sources:
social media content, interviews, and surveys from students
and expert educators. Through a thematic analysis, we craft a
nuanced list of students’ online active learning barriers within
the themes of human-side, technological, and environmental
barriers. Each barrier is explored from the three aspects of fre-
quency, importance, and exclusiveness to active online classes.
Finally, we conduct a summative study with 12 novice educa-
tors and explain the benefits of using our barrier list for course
planning in active online classes.

Author Keywords
Student-centered education; active learning; synchronous
online classes; interaction; pedagogy.

CCS Concepts
•Applied computing→ Computer-assisted instruction; In-
teractive learning environments; •Human-centered com-
puting→ User studies;

INTRODUCTION
Over the past decade, online education has been gaining

popularity around the world as a way to promote education.
Spurred by natural disasters, pandemics, and wars, it is once
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Figure 1. A snapshot from an active online class held through Zoom.

again gaining more momentum in higher education [89]. Ac-
cording to a recent national survey across the United States,
more than 80% of post-secondary institutions are planning to
increase their emphasis on developing online programs [41].
Online programs can broadly be categorized into synchronous
and asynchronous types [42, 24]. In a synchronous class, ed-
ucators can use applications such as Zoom, Adobe Connect,
Minerva, and Blackboard to deliver lectures and carry out
activities with their students in real-time [24].

Despite its popularity, many educational experts argue that an
effective synchronous class requires more than just “giving
every professor a Zoom account and letting instruction take
its course [13].” Engaging students in vigorously meaningful
activities is at the core of success for such classes [4], which
demands a well-thought-out teaching methodology (pedagogy)
[53, 86]. Active learning (AL) is one such pedagogy that “in-
volves students in doing things and thinking about the things
they are doing [8].” Group discussions, simulations, and ed-
ucational games are among the most familiar AL strategies
many educators know and apply in face-to-face classes [1].
More than 200 instances of such active learning strategies have
been gathered and published online by the University of South
Florida [81]. Figure 1 shows an example of an active online
class held synchronously through Zoom.

Nowadays, AL has become an established research track in
the fields of Human-Computer Interaction (HCI) and Learn-
ing at Scale. Researchers and educators unanimously agree
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that AL pedagogy is more successful than traditional lectur-
ing methods both for HCI classes and other subjects [3, 20].
Some of the benefits include but are not limited to students’
increased duration of attention and retention in lectures, bet-
ter critical thinking, improved interpersonal skills, and fewer
course failures [25, 65]. Nevertheless, we still hear many edu-
cators, especially novices, often fail to achieve their desired
AL outcomes [22, 83, 18].

This problem seems to be more frequent in synchronous on-
line classes. Here, we cite some sample quotes from North
America’s largest educational development community, called
POD Network [54] to witness our claim:

- “As a recently hired adjunct lecturer [in] Greece, me and
my students had tons of issues with active online classes,
partially because we had wrong assumptions and expec-
tations of one another. ... Teachers: [1] All students like
to learn. (wrong!!!) [2] All students can participate [in]
classes actively from home. (wrong!!!) ”

- “As we all realize, inclusive teaching would strive to un-
derstand the students [on] a finer level and embrace the
diversity in students’ learning into the course structure and
activity design. But it is hard to do. Remote teaching during
the pandemic1 makes it more challenging.”

Research Questions. There being a lack of a nuanced view
about student barriers to active learning is one problem men-
tioned by many educators, especially novice ones. Although
the literature has already explored students’ resistance to ac-
tive learning in face-to-face classes [77, 72], there is currently
a knowledge gap about student barriers in synchronous online
classes. Our research contributes to this gap by character-
izing student barriers to AL in the context of synchronous
online classes. More formally, this research is guided by the
following research questions:

• RQ1: What are the student barriers to active learning in
synchronous online classes?

• RQ2: How do expert active learning educators reflect on
the student barriers found?

• RQ3: How could novice active learning educators benefit
from the student barriers found?

Here, we conduct qualitative research following an integrated
deductive and inductive approach to answer the questions in
three studies. Accordingly, we find and discuss a nuanced list
of student barriers within the themes of human-side, techno-
logical, and environmental barriers.

Each study has an extensive research design. Study 1 aims
to characterize student barriers by studying their opinions
through different sources of social media content, semi-
structured interviews, and surveys. Study 2 uses semi-
structured interviews and surveys to explore how expert ed-
ucators reflect on the barriers found. Finally, study 3 shows
the benefits of using our barrier list for planning active online

1Refers to the COVID-19 pandemic

classes by conducting a summative study with 12 novice ed-
ucators. The summative study is comprised of surveys and
follow-up semi-structured interviews.

Contributions. This paper makes three main contributions.
First, to the best of our knowledge, it is the first comprehen-
sive qualitative research to draw HCI and Learning at Scale
researchers’ attention to student barriers to active learning
in synchronous online classes. The findings can help to in-
spire new and in-demand research directions for future work.
Second, the proposed framework provides a contemporary
synthesis of student barriers to online active learning that ed-
ucators (especially novices) might be less aware of. Finally,
our framework can serve as an important construct to explore
and research when considering how to create more inclusive
and student-centered online classes.

RELATED WORK

Synchronous Learning
Synchronous learning means that training is delivered to stu-
dents in real-time, usually on a set schedule [71, 39]. Many
researchers believe that synchronous learning can raise stu-
dent engagement levels and facilitate immediate interaction
among students [74, 35, 15]. Educators can use a variety of
applications such as Zoom, Adobe Connect, Minerva, and
Blackboard to interact with students directly, similar to a face-
to-face classroom [34, 61, 60].

Educators often consider three features for picking up their
digital class applications: alignment with class activities, stu-
dents’ needs, and productivity [82]. According to the Medium
Naturalness Theory, a well-known framework in psychology,
the applications that can lead to more natural interactions be-
tween teachers and students, similar to face-to-face classes, are
better conduits of knowledge sharing [86, 37, 38]. However,
novice educators still need to get proper training on how to
teach in online synchronous classes if they want to achieve
their desired educational outcomes [61, 36, 44].

Historically, only less than 10% of online lectures have been
delivered synchronously, and it is often considered a relatively
more recent online education approach, which has become
especially popular after COVID-19 [39, 60, 32]. Therefore,
the literature still needs further exploration of synchronous
learning to fully understand its potential, challenges, and op-
portunities. This research takes the early steps in investigating
student barriers to AL in online synchronous classes.

Active Learning
Research suggests that after 10 to 15 minutes of listening to a
lecture, students’ attention often begins to decline significantly
[68, 73]. Furthermore, retention of learned information also
drops considerably after the first 10 minutes [68, 78]. Such
problems can slow down students’ learning, especially when
classes last for extended periods [80].

Active learning could help to mitigate such learning problems
[3, 25, 65]. AL is a student-centered approach to instruction
that is both hands-on and minds-on [48]. The diversity in AL
strategies prevents students from getting bored too quickly and
keeps them engaged for a longer time [65, 8]. According to



Table 1. Different branches of Active Learning (AL) pedagogy

Category Description Example

Problem-based learning
Learning that results from the process of solving an
ill-structured, unresolved, or puzzling problem [14,
58, 51].

Medical students are asked to find methods to
reduce the side effects of a medication on the
elderly.

Discovery-based learning
Learning that results from the process of exploring
the environment for discovering concepts or patterns
[14, 21].

Business students are asked to detect temporal
patterns for stock market price changes.

Inquiry-based learning
Learning that results from the process of answering
an inquiry (usually a well-defined question) through
an inquiry cycle [14, 66, 43].

Math students are asked to prove the Pythago-
ras theorem by themselves.

Project-based learning Learning that results from working on projects over
an extended period of time [14, 67, 17].

Computer science students are asked to design
a book shop management system with C#.

Case-based learning Learning that results from contextual and real-life
case studies [14, 57].

Medical students are asked to collaborate with
a doctor to examine a real patient.

Edgar Dale’s cone of learning, when students get involved in
their own learning process by doing activities other than just
listening passively, they have a better chance of retaining more
than 90% of what is taught inside a class [28, 75].

Active learning stems from the theoretical framework of Con-
structivism [69, 79]. According to constructivism, learning
is a personal construction that results from an experiential
process. From this perspective, researchers have categorized
AL pedagogy into five different branches, i.e., problem-based
learning, discovery-based learning, inquiry-based learning,
project-based learning, and case-based learning [14, 49, 11].
Each category is a broad construct that can be implemented
in several different ways (e.g., group works, games, or simu-
lations) [1, 87]. All of the AL branches could help students
acquire and apply content knowledge in practice and develop
higher-order thinking skills [91]. However, each educator
might select from them according to his or her own preference,
the topic of study, and the students’ needs or expectations [9].
We have provided a brief description and an example of each
AL branch in Table 1.

The literature in the areas of HCI and Learning at Scale is
replete with numerous tools for supporting AL in both face-
to-face and online classes (e.g., [92, 3, 7, 39]). Despite this,
however, the utilization of AL in higher education is still
underwhelming in practice [30]. Students’ resistance and
teachers’ reluctance to change, administrative roadblocks, and
physical settings are the main barriers to applying AL in higher
education [77, 72]. Nevertheless, these barriers are often too
general to be practical for training novice educators [45].

Additionally, student barriers to AL in online classes are
mainly left unexplored in the literature [47]. Hence, our re-
search contributes to this knowledge gap and complements the
previous works by characterizing student barriers to AL in the
context of synchronous online classes in finer detail. By doing
so, we also respond to Bernstein’s call for the “second genera-
tion” of research on AL, where researchers are encouraged to
add nuance to the literature [16].

THE STUDIES
This research comprises three studies, each corresponding to
one of our research questions (RQ-RQ3). All of our studies are
ethical and approved by the institutional review board (IRB)
of our university. In the rest of this section, we provide more
information about each study.

Study 1: Students’ Perceptions
The first study comprises a qualitative social media content
analysis and semi-structured interviews with students, and a
final survey collection.

Social Media Content Analysis
Qualitative content analysis provides a non-intrusive way to
access and analyze what people really think [40]. Here, we
exploit content analysis on some popular social media plat-
forms to find out what students think about AL’s barriers in
active online classes. The content we analyze comes from five
different social media platforms of Twitter, Facebook, Reddit,
Stack Exchange, and Google Groups. We pick these media
platforms because they are all well known to the HCI and
Learning at Scale research communities and often provide a
rich dataset for qualitative analysis.

To find the relevant educational posts and comments in each
media, we use Ubersuggest, a web-based keyword search
engine [59], to find the most popular keywords on the web,
which are related to active learning pedagogy. We find 34
keywords with the highest search volume on the web between
December 1st, 2019, to April 15th, 2020. These keywords
serve as our primary filter to extract the text-based content
from each social media platform.

We either use the Application Programming Interface (API)
each social media platform officially provides, or our own cus-
tomized crawlers based on those APIs to build our qualitative
data repository. After this phase, we use natural language pro-
cessing techniques such as Latent Dirichlet Allocation (LDA)
to make our data cleansing procedure easier [29]. Finally, we
iterate another round of cleaning and manually remove any
irrelevant posts and comments that are not related to active
learning in online synchronous classes. In total, more than
3,000 posts and comments are analyzed, and we get 77 posts



and comments suitable for our content analysis. A significant
proportion of posts are filtered out because we have pruned
active learning topics from the machine learning community
(see [70]) and contents about the offline classes (see [55]).

Semi-structured Interviews
We use convenience sampling to recruit participants. Recruit-
ment advertisements have been posted on social media and
online communities of local universities in Hong Kong. We
use an online form to collect volunteers’ demographic infor-
mation and investigate whether they have taken any active
online classes or not. If one has such experiences with AL,
we invite him or her to our interview with monetary compen-
sation. All of the participants are asked to sign and return
informed consent forms. Eventually, 32 student interviewees
(15 females) are recruited from five local universities, whose
ages range from 19 to 34 (Mean = 21.7, STD = 4.4). Students
come from majors in engineering (N = 16), business (N = 11),
science (N = 4), and sociology (N = 1), 84% of whom are
current undergraduate students and 16% have postgraduate
and higher education.

We send interview questions to the interviewees one day be-
fore the interview to help them recall and roughly organize
their responses. This is in order to gain as much information
as possible from the interviewees’ minds and ensure the inter-
view process runs smoothly and efficiently. Each interview
is conducted in the interviewee’s preferred language, via the
preferred online platform and at the preferred time. Every
interviewee is informed and agrees that the interview will be
audio-recorded for research purposes, and all the responses
are kept confidential and anonymous.

Here, our interview questions are designed based on our pre-
vious findings from social media. The structure of our inter-
view questionnaire is that we first inquire about some basic
information from the interviewee’s personal experience of
synchronous active online learning classes. Then, we ask the
interviewee to tell us about any barriers in his or her mind that
will hinder student’s participation, engagement, and learning
in such active online learning courses. After that, we share
some of the barriers previously found in social media with the
interviewee as a hint, in order to listen to the interviewee’s
ideas or opinions on these barriers. We also encourage our
interviewee to critically review his or her experiences with AL
again after hearing sample barriers from social media content.
This is to ensure they do not leave out any details from their
descriptions and confirm their previous responses.

Survey of Importance and Exclusiveness
After we crafted the barrier list, to investigate student intervie-
wees’ opinions on the importance and exclusiveness of each
barrier, we design a follow-up survey consisting of closed-
ended questions using 7-point Likert scales. The survey is
distributed to all 32 students, and we get responses from 27 of
them (12 females).

Study 2: Expert Educators’ Reflections
The second study comprises semi-structured interviews with

expert educators and a follow-up survey collection.

Semi-structured Interviews
In the second study, we take expert educators’ opinions about
the student barriers found. These educators’ rich experience
of monitoring and interacting with students through the years
could help us to gain a deeper understanding of student barriers
and verify our previous findings [56].

Since many educators do not use AL in their online classes and
are only accustomed to traditional teacher-centered lecturing,
it was more challenging to find the target expert educators. We
use a combination of snowball and convenience sampling to
recruit expert educators. The participants are among distin-
guished local educators in Hong Kong who are well-known
for using AL strategies in their online classes. We send invi-
tations to those educators and ask respondents to recommend
other experienced and interested educators to participate in
our research. The inclusion criteria for these educators are: 1)
being self-reported experts in conducting active online classes,
2) having experience of at least one such class in the past
academic year (i.e., from August 2019 to June 2020), and 3)
having more than four years of academic teaching experience
(see [6]). In total, 8 expert educators (2 females) are recruited
from six local universities. Aged between 38 to 61 (Mean =
49.3, STD = 7.9), they are from different departments: engi-
neering (N = 4), science (N = 1), humanities (N = 2), and
linguistics (N = 1). Their experience of teaching in AL style
ranges from 6 to 25 years (Mean = 13.1, STD = 7.3).

After taking the expert educators’ informed consent, we in-
vite them to participate in an online semi-structured interview
using Zoom. Every interview session is audio-recorded for
later analysis. During the interview, we ask each participant
detailed questions aiming to extract their personal experience
about active online classes, their reflections on the barriers
found, and the possible solutions.

Survey of Importance and Exclusiveness.
Since we also want to know our interviewees’ opinions about
each barrier’s importance and exclusiveness to active online
classes, we share with each participant a follow-up survey
similar to the one we gave to the students. We receive the
responses of 7 interviewees (2 females). Only one educator
did not respond in a timely fashion.

Study 3: Novice Educators’ Evaluation
Planning a course is not always straightforward and typically
involves a series of steps [85, 84]. Backward design is one
of the most popular course planning frameworks many educa-
tors use [46, 62]. It comprises three stages: 1) defining and
prioritizing what students should finally learn in a class, 2)
finding suitable assessment measures to make sure students
have achieved the intended learning outcomes, and 3) find-
ing the most appropriate instructional activities to carry out
in the class. This section conducts a summative study to ex-
plore whether and how our barrier list could facilitate novice
educators’ course planning with backward design.

Course Planning and Survey Collection
Again, we use a combination of snowball and convenience
sampling for recruiting novice educators. Two postgraduate
students disseminate recruitment advertisements on LinkedIn



and ask respondents to forward the information to other in-
terested novice educators. The inclusion criteria are being
self-reportedly novice educators in conducting active online
classes and having less than four years of academic teaching
experience (see [6]). Overall, twelve novice educators (3 fe-
males) are recruited from six local universities in Hong Kong.
They are aged between 32 to 56 (Mean = 40.1, STD = 6.4)
and are from different departments: engineering (N = 5), sci-
ence (N = 3), business and management (N = 2), linguistics
(N = 2). Their experience of teaching in AL style ranges from
no experience (zero) to 4 years (Mean = 2.1, STD = 1.2).

After taking the novice educators’ informed consent, we in-
vite them to participate in a summative study to evaluate our
barrier list’s usefulness and effectiveness. We randomly split
participants into two equal groups: with-list and without-list
educators. With-list educators are granted access to check our
barrier list, whereas without-list educators are not. We train
and ask everyone in both groups to write down a brief course
plan for one of the online classes they wish to teach in the AL
style. The course topics are the ones these educators should
teach in the subsequent semester. Therefore, in this work, our
study has a natural setting rather than a synthesized one.

After consultation with two expert educators we knew from
study 2, we give each educator a course planning template that
follows backward design steps [10, 12]. The novice educators
are given a one-week-long time window to complete and re-
turn the template. Each template is accompanied by a survey
with some open-ended questions aiming to evaluate novice ed-
ucators’ knowledge about student barriers, the references they
use to learn about them, and how they use that information in
preparing their course plans. We also ask with-list educators
to evaluate our barrier list’s usefulness and effectiveness in
helping them prepare their course plans. All of our participants
return their course plans and survey responses on time.

Semi-structured Interviews
We carefully inspect educators’ course plans and responses
and summarize our barrier list’s benefits (if applicable). Later,
after a week, we invite the same participants for a follow-up
semi-structured interview. Seven out of 12 participants agree
to attend our interviews (i.e., 4 with-list and 3 without-list
educators). The interview questions complement the ones
from the surveys and give educators a chance to explain their
thoughts in finer detail.

FINDINGS
Our findings are presented in four parts: 1) description of the
barriers, 2) their frequencies, importance, and exclusiveness,
3) main problems, and 4) benefits of our findings for novice
educators.

Description of the Barriers
Table 2 provides a summary view of the characterized stu-
dent barriers from study 1 and 2. The barriers are within the
themes of human-side (4 codes, 14 sub-codes), technological
(3 codes, 8 sub-codes), and environmental (2 codes, 6 sub-
codes) barriers. Each barrier is triangulated using social media
content and interviews with students and expert educators.

• Human-side barriers. These barriers can be categorized
into four types of affective, cognitive, social, and teaching
barriers. We are inspired by the famous educational framework
of COI (Community Of Inquiry) for choosing the names of
these codes [26].

Affective barriers are the ones that damage students’ psy-
chological, emotional and social well-being. The affective
barriers we find include apathy towards AL, low self-efficacy
(not believing in or underestimating one’s own capabilities
[27]), shyness, and fear of leaving one’s comfort zone (see
[2]). We find that since most students have got used to ordi-
nary online classes without any AL activities, unfamiliarity
and uncertainty usually tend to make them act restrained when
they jump into the AL classes.

Cognitive barriers are the ones that stagnate students’ thinking
and processing of information. The cognitive barriers found
include an unbalanced complexity of the AL activities (strate-
gies), mental-exhaustion, and absent-mindedness (see [33]).
Our findings imply that the AL strategies students prefer are
the ones that put them in a mental state called flow zone [50,
19]. It means that AL strategies should be neither too complex
nor too dull or boring. Students also mention social media
platforms, video broadcasting websites (e.g., YouTube), and
online games to be among the main causes of their absent-
mindedness inside active online classes. This is interesting
because it seems that active online classes have inherited such
general barriers from online classes despite their attempt to
engage students more actively. Our findings suggest that one
possible reason is that educators have generally less authority
in active online classes.

Social barriers include discrimination, harassment, and iso-
lation. According to our observations, discrimination and
harassment are among the least mentioned barriers, but they
do exist. Therefore, these barriers demand more subtle atten-
tion from both students and educators.

Teaching barriers students have experienced include poor in-
teraction management between students and educators, the
educators’ pressure to participate in AL activities (sometimes
with a particular requirement like keeping the cameras on),
unfair evaluation measures (or grading style), and heavy work-
load.

• Technological barriers. These barriers can break down
into three categories of user experience (UX) design issues,
network, and economic barriers. The instances of UX design
barriers include inadequate technological support for AL ac-
tivities and lack of technological support for backchanneling
(see [64]), unfriendly interface design, inadequate privacy pro-
tection, poor accessibility for students with special needs (see
[63]), and glitches and errors in the broadcasting systems or
other applications used. Furthermore, network barriers are
mostly related to low internet bandwidth, and economic barri-
ers are mostly related to the high cost of using technologies in
AL classes.

• Environmental barriers. They are either geographical
or workspace related. Geographical barriers include time
zone conflicts and regional internet censorship. Since students



Table 2. The triangulated list of student barriers
Frequency Importance Exclusiveness

Barrier Category Codes Sub-codes (Count (%)) (Mean (STD)) (Mean (STD))

SM (C) ST (I) EXP (I) ST (S) EXP (S) ST (S) EXP (S)

Human-side

Affective Barriers [AB]

[AB 1] Apathy towards active learning 28 (36%) 14 (43%) 5 (62%) 5.2 (0.9) 4.7 (1.6) 4.4 (0.8) 3.8 (1.6)
[AB 2] Low self-efficacy 6 (7%) 4 (12%) 2 (25%) 5.5 (1.0) 4.8 (1.3) 4.8 (1.0) 4.2 (1.3)
[AB 3] Shyness 14 (18%) 23 (71%) 6 (75%) 4.7 (1.2) 4.7 (1.0) 3.9 (1.1) 5.8 (0.6)
[AB 4] Fear of leaving the comfort zone 9 (11%) 13 (40%) 2 (25%) 4.3 (1.2) 4.1 (1.1) 3.8 (1.2) 4.1 (0.6)

Cognitive Barriers [CB]
[CB 1] Unbalanced complexity of the active learn-
ing activities

7 (9%) 6 (18%) 3 (37%) 4.2 (1.5) 3.5 (0.9) 4.8 (1.0) 4.0 (0.9)

[CB 2] Mental exhaustion 10 (12%) 9 (28%) 6 (75%) 5.1 (1.3) 3.8 (1.2) 4.5 (0.9) 4.3 (0.7)
[CB 3] Absent-mindedness 15 (19%) 28 (87%) 7 (87%) 5.6 (0.8) 3.8 (1.3) 5.0 (1.1) 5.0 (0.5)

Social Barriers [SB]
[SB 1] Discrimination 4 (5%) 0 (0%) 2 (25%) 3.4 (2.0) 2.7 (1.6) 3.4 (0.9) 4.0 (0.7)
[SB 2] Harassment 1 (1%) 6 (18%) 1 (12%) 3.6 (1.7) 3.5 (0.9) 3.7 (0.8) 4.8 (1.2)
[SB 3] Isolation 11 (14%) 27 (84%) 4 (50%) 4.8 (1.4) 4.7 (1.3) 5.3 (1.3) 4.6 (1.0)

Teaching Barriers [TB]

[TB 1] Poor interaction management 8 (10%) 26 (81%) 7 (87%) 5.1 (1.1) 4.3 (0.5) 5.1 (1.3) 5.0 (0.5)
[TB 2] The educator’s pressure to participate 6 (7%) 6 (18%) 3 (37%) 4.6 (1.5) 4.6 (0.7) 4.2 (1.3) 4.2 (0.4)
[TB 3] Unfair evaluation measures 2 (2%) 17 (53%) 2 (25%) 5.1 (1.2) 4.1 (0.8) 4.4 (0.7) 5.5 (0.7)
[TB 4] Heavy workload 16 (20%) 14 (43%) 4 (50%) 4.5 (1.4) 4.0 (0.9) 4.1 (0.7) 4.8 (0.6)

Technological

UX Barriers [UB]

[UB 1] Inadequate technology support for active
learning activities

7 (9%) 17 (53%) 5 (62%) 4.5 (1.5) 4.1 (0.9) 5.5 (0.8) 4.7 (0.7)

[UB 2] Lack of technological support for backchan-
neling

12 (15%) 8 (25%) 1 (12%) 4.8 (1.5) 3.5 (1.7) 5.9 (1.0) 6.5 (0.5)

[UB 3] Unfriendly interface design 3 (3%) 6 (18%) 2 (25%) 4.2 (1.7) 3.8 (1.2) 5.6 (1.0) 4.7 (0.7)
[UB 4] Poor privacy protection 21 (27%) 10 (31%) 8 (100%) 3.9 (1.8) 5.3 (0.9) 5.3 (1.2) 6.2 (0.8)
[UB 5] Poor accessibility 2 (2%) 0 (0%) 1 (12%) 4.5 (1.8) 4.1 (1.5) 4.9 (1.0) 6.6 (0.5)
[UB 6] Glitches and errors 4 (5%) 5 (15%) 2 (25%) 4.8 (1.7) 5.2 (0.8) 5.3 (1.1) 6.2 (0.7)

Network Barrier [NB] [NB 1] Low internet bandwidth 20 (25%) 30 (93%) 6 (75%) 5.3 (1.7) 5.8 (0.6) 6.2 (0.9) 5.5 (0.5)

Economic Barrier [EB] [EB 1] The high cost of using technologies 6 (7%) 6 (18%) 5 (62%) 4.0 (1.6) 4.1 (1.5) 5.5 (1.0) 6.0 (0.7)

Environmental

Geographical Barriers [GB]
[GB 1] Time zone conflicts 9 (11%) 19 (59%) 5 (62%) 4.4 (1.5) 3.8 (0.9) 5.8 (1.1) 6.2 (0.4)
[GB 2] Regional internet censorship 13 (16%) 11 (34%) 5 (62%) 4.8 (1.6) 4.8 (1.2) 6.0 (1.1) 6.5 (0.5)

Workspace Barriers [WB]

[WB 1] Insufficient workspace size 10 (12%) 14 (43%) 8 (100%) 4.5 (1.5) 4.2 (1.9) 5.2 (1.3) 6.1 (0.6)
[WB 2] Unavailability of utilities and tools 8 (10%) 15 (46%) 7 (87%) 4.4 (1.6) 4.5 (1.5) 5.5 (1.0) 5.7 (0.8)
[WB 3] Noise and overcrowding 14 (18%) 11 (34%) 8 (100%) 4.5 (1.7) 4.3 (1.4) 4.7 (1.4) 6.7 (0.4)
[WB 4] Conflicting with home responsibilities 3 (3%) 4 (12%) 6 (75%) 4.1 (1.6) 4.2 (1.0) 5.4 (1.1) 5.6 (0.9)

SM = Social Media, ST = Students, EXP = Expert Educators / C = Content Analysis, I = Semi-structured Interviews, S = Surveys

attend active online classes from all around the globe, their
local time zones are more likely to conflict with class hours.
Furthermore, regional internet censorship might block some
students’ access to some learning applications or platforms.
Workspace barriers include insufficient workspace at home,
unavailability of utilities and tools, noise and overcrowding,
and schedule conflicts which can happen due to unplanned or
sudden home responsibilities.

Frequencies, Importance, and Exclusiveness
Table 2 also shows the frequency with which each barrier was
mentioned from different sources. Furthermore, each barrier’s
importance and exclusiveness to active online classes are also
provided according to students’ and expert educators’ survey
responses.

Frequencies show the number of times data from different
triangulation sources (social media content, interviews with
students, or expert educators) indicate a particular barrier. In
total, we have analyzed the content of social media posts from
the popular social media platforms of Twitter (N = 10), Face-
book (N = 24), Reddit (N = 21), Stack Exchange (N = 4),
and Google Groups (N = 18). We have also interviewed 32
students and 8 expert AL educators from local universities.
According to Table 2, our findings show that the themes of
human-side (total count = 384), technological (total count =
187), and environmental barriers (total count = 170) sequen-
tially have the highest frequency of the barriers mentioned by
different sources. Respectively, affective barriers (total count
= 126) and economic barriers (total count = 17) hold the
highest and lowest frequencies among all of the codes.

We ask the student interviewees (N = 27) and expert educators
(N = 7) to indicate, based on a 7-point Likert Scale, what they
think about each barrier’s importance (1: Not important at all,
4: Neutral, 7: Extremely important) and its exclusiveness to
active online classes (1: Face-to-Face classes only, 4: Neutral,
7: Synchronous online classes only). Here, we report the mean
and standard deviation (STD) for the participants’ answers.

According to the students’ responses, absent-mindedness, low
self-efficacy, and low internet bandwidth are the most signifi-
cant barriers to active learning in online synchronous classes.
Furthermore, they think that low internet bandwidth, regional
internet censorship, and lack of technological support for
backchanneling are the most exclusive barriers to active online
classes.

Besides that, expert educators think that technological barriers
are the most important barriers. They consider low internet
bandwidth, poor privacy protection, and glitches and errors
as the most significant barriers their students face. They have
prioritized noise and overcrowding, poor accessibility, and re-
gional internet censorship as more exclusive problems to active
online classes. Surprisingly, poor accessibility is more exclu-
sive to active online classes than face-to-face classes. One
possible explanation we infer based on our other qualitative
data is that it is more difficult for educators to inspect students’
special needs when teaching online. Educators think that such
problems could get even more complicated when students try
to hide their disabilities or other accessibility needs.

In conclusion, it is noted that educators’ mindset about a
barrier might significantly differ from students’ mindset re-



garding the same barrier in terms of frequency, importance,
and exclusiveness to AL online classes. Narrowing down such
perceptive gaps can help educators improve their AL classes’
quality and lead to better student learning.

What are the Main Problems?
Based on the first two studies, we know that there are many
barriers to active learning in synchronous online classes, and
it is impractical to solve all the 28 granular barriers listed in
our list at one time. Therefore, we have summarized 6 main
problems of relatively high importance that are particularly
worthy of attention by HCI and Learning at Scale researchers
and practitioners.

1. Staying focused is still the biggest challenge for students
in active online classes. As mentioned in nearly ninety per-
cent of students’ survey responses, absent-mindedness is re-
garded to be the most significant barrier in synchronous online
classes. Also, students’ opinions on this barrier show the high-
est degree of consistency among all the 28 barriers. Students
indicate that there are many more distractions in online envi-
ronments and their workspaces, which disengage them and
allow their minds to wander. Many students admit that they
chat online, browse social media, and watch YouTube videos
more frequently with the absence of the educator’s supervision
and classroom atmosphere. They also say that it is so easy
for them to find distractions like a comfortable bed, delicious
snacks, and even video game consoles. Besides that, about
one-third of the student interviewees mention that active on-
line classes are more fatiguing than face-to-face active classes,
and thus prevent them from staying focused for long periods
of time. Physically, staring at screens for a long time makes
their eyes very tired. Psychologically, students argue that they
have to try to be more intent during such active online classes
to avoid missing any information since it is almost impossible
for them to get any whispered hints from their classmates. At
the same time, they also need to resist all distractions from
their workspace.

- “There’s no one to watch you if you’re paying attention
or not. Because in (physical) class you would feel bad if
everyone is taking notes and everyone is listening, and you
just play Instagram, it would be really weird. But then
actually you are just in your room, and the video is not even
on. It’s really easy to be distracted. Sometimes I would
even just put my lecture in the background noise and I will
do something else so that I don’t feel guilty for missing
the class... And I know a lot of my friends also do this.”
(Undergraduate, Finance & Information System)

2. Incentives for online active learning might be insuffi-
cient and unfair. Students’ responses in the interview show
that most students are neutral during online active learning.
They do not have much enthusiasm for this learning strat-
egy, and just want to follow the educator’s instructions and
complete tasks, in order to get good grades. However, as
many student interviewees mention, incentives (mainly refer
to grade incentives, like participation points) are too minor to
keep them engaged in their active online classes. Besides that,
sometimes the unfairness and opacity of the grading scheme
also confuses students and decreases their motivation.

- “Well, after all, if there are no grade incentives, in fact, most
people may not be willing to speak in this kind of online
class. [. . . ] My overall feeling is that, if the instructor does
not state that your participation would be counted towards
your grade, then most students won’t participate a lot in
such [an] online setting. But in face-to-face classes, even
though your speaking may not be scored, I think some peo-
ple will still raise their hands.” (Undergraduate, Decision
Analytics)

3. Students cannot get timely help from the teacher. About
eighty percent of student interviewees complain that the in-
teraction in their active online classes is poorly managed by
the educator. They generally attribute this issue to educators
and technology. Some students think educators need more
training to become proficient in online education software,
but sometimes there are indeed too many messages to han-
dle, and others feel that the interaction functions of the online
education software they use are not well designed.

- “For the (online class) meeting, there was only one instruc-
tor, and there were a lot of students. And some of us could
raise questions into the chat box. So, he probably couldn’t
manage all of them, like seeing the raised hands and the
chat box at the same time, and he also needs to deliver the
lecture at the same time. I think it’s kind of difficult for the
professor as well.” (Undergraduate, Food and Nutritional
Sciences)

- “If in some face-to-face group discussions, when the teacher
poses a question to a group, they may have no idea about it
at first, then they can easily ask the teacher for help. [. . . ]
However, in online group discussions, it will be difficult
for them to do this. If they are already in a breakout room
for group discussion, then they are literally isolated. If
the teacher doesn’t enter their breakout room, it is very
hard and inconvenient for them to get any help. The group
discussion will probably get stuck if they meet any problem.”
(Undergraduate, Electronic Engineering)

4. The communication efficiency of group work in an on-
line setting is lower than face-to-face. Over eighty percent
of student interviewees express their feelings of isolation.
They feel depressed and lonely because they cannot talk to
their classmates face-to-face, which hinders them from mak-
ing friends. Such forced estrangement reduces the efficiency
of idea exchange in their online active learning activities such
as group projects. Additionally, backchannels always facilitate
human communication, which means in a group discussion,
the listeners usually use brief vocalizations (e.g., “yeah” and
“uh-huh”), gestures, facial expressions, and eye contact to in-
dicate their attention to, understanding of, or agreement with
the speaker. Students agree that the loss of such backchannels
in online communication usually embarrasses the speaker and
dulls the discussion.

- “Since it’s the online class, in most of the classes, I do
not know anyone. So, everyone is new to me. I think it’s
really hard to make friends during online classes because
we cannot meet them physically. Even though we have any
group work, we only discuss about the group work. And we



don’t talk about like anything else, and we do not become
friends. So, I think that is a big problem for me, too. [. . . ]
Since we are not familiar with each other, it’s really difficult
for us (to communicate efficiently), like, since there are
discussions, I think there are a lot of significant opinions
from my classmates. But if we don’t really know each other,
I think it’s hard for us to understand what they are trying to
say.” (Undergraduate, Professional Accountancy)

- “Several times when I was entering my language course, I
was assigned into a breakout room. And then I find out no
one is turning on the camera. [. . . ] It’s a bit embarrass-
ing because when I say something virtually, I don’t know
whether they have responses or not. If you do this physically,
you can meet them face to face. Then you can talk to them.
You can look at their eyes and they will respond to you. But
in the virtual world, I don’t know whether they will respond
to me. So, sometimes I don’t really want to talk virtually,
because I just feel awkward and it really impedes the active
participation part.” (Undergraduate, Computer Science)

5. Active learning could be even more time-consuming
online. AL activities are often criticized for being too time-
consuming [47]. More than half of the expert educators we
interviewed believe that this problem has worsened in active
online classes. One educator mentions that a ten-minute AL
activity in a face-to-face class could easily take up to half
an hour in an online version. The common reasons expert
educators point out include poor backchanneling and students’
lack of familiarity with how the technology works.

- “It seems to be a common phenomenon in online environ-
ments. When we talk to black screens (people with their
cameras turned off), we repeat ourselves more than before
to make sure even those we cannot see are understanding.
But I think if everyone [turns on] their cameras, this will
become less issue. [...] Our body language help to adjust
the pace of our knowledge transfer. If we guess, we get
naturally more delayed.” (Professor, Computer Science and
Engineering)

6. Active online classes are more prone to be inequitable.
Many expert educators we interviewed believe that reaching
equity in active online classes is more challenging than face-
to-face classes. Compared to face-to-face classes, it is more
difficult for educators to discover barriers students are expe-
riencing, because they have less contact with students. For
example, not all of the students have equal socio-economical
statuses, which could limit their access and usage of needed
technologies and tools. Many student interviewees report
that they do not have stable utility services (e.g., internet and
electricity) or sufficient private workspace, and they are not
equipped with adequate devices for active online classes such
as powerful computers, cameras, and microphones.

- “I think the most common one is the technological barrier.
For example, WIFI connections, speaker function, camera
function. I think those technological barriers are the most
common one because not everyone is fortunate enough to
have a strong WIFI and a very good computer.” (Under-
graduate, Finance)

Furthermore, some expert educators mention that interaction
between them and students can also be problematic. For ex-
ample, Zoom, a widely used platform for online classes, can
only display 25 students at a time on one screen, and educators
could unintendedly interact only with those 25 students and
neglect the others. Such inequity is particularly pronounced in
large-scale classes. Additionally, students with their cameras
on or off may also create some bias in educators’ perceptions
of those students.

- “At a face-to-face class, teachers can check from the front
line of class to the very end in just one sight. At Zoom, I can
see only 25 people in one sight. It is more time-taking to
interact with a large class and some students may receive
less attention.” (Associate Professor, Computer Science
and Engineering)

- “I try to cold-call students equally from everyone, not only
groups with cameras on or off... It does not matter. It
is a killer mistake to assume those with cameras off less
deserving or less intelligent. This is an unjustified prejudice
we should avoid as teachers and remind ourselves not to
fall prey to it.” (Associate Professor, Social Science)

The Barrier List’s Benefits for Novice Educators
Finally, our summative study from study 3 shows that our
barrier list can help novice educators in several different ways.
Here, we summarize the three main benefits as follows.

1. The barrier list can help novice educators not to forget
about non-technological barriers. Through the survey re-
sponses, we notice that without-list educators tend to focus
too much on solving the technological barriers, to the extent
that they might sometimes forget about the other significant
barriers students face.

According to the follow-up semi-structured interview of study
3 and the comparison of the survey responses of students and
educators, we find that human-side and environmental barri-
ers are often ignored or underappreciated by these educators.
However, students attach much more importance to these two
aspects, especially to human-side barriers. Interestingly, the
later interviews reveal that most of these without-list educators
were in fact aware of the non-technological barriers. However,
they acknowledge three reasons for not thinking about such
barriers when writing course plans: forgetfulness, misassump-
tions, and underestimation.

- “After all, faculties are humans too, and they might not
know or remember every barrier students face. But I think
it is in our nature to look at bigger and more tangible
problems first. Technology is the biggest concern instructors
and students deal with these days, and therefore it could
naturally dominate the other kinds of barriers when we do
course planning. [...] If I want to conclude, I would say
that we need to collaborate more with senior colleagues
and students to make our course plannings considerate and
more authentic.” (Without-list group, Adjunct Instructor,
Life Science)



- “I could name different reasons. The wrong assumption
that we think old problems like human barriers or environ-
mental problems have already been dealt with or resolve
automatically by themselves is one of them. But in reality,
old problems also grow and take new shapes and demand
new kinds of supports. Although they might not look as excit-
ing or as forceful as technological barriers, they can cripple
the education if we just overlook them.” (Without-list group,
Assistant Professor, Computer Science and Engineering)

2. The barrier list can serve as a trustworthy reference
for online course planning. The analysis of study 3 also
shows that without-list educators anticipate the student barri-
ers mainly based on their own past experiences and intuition.
Although this may help to deal with some very common teach-
ing problems, many educators acknowledge that it is not a
trustworthy reference for planning active online classes. Two
major issues they mention in the follow-up interviews are the
little experience they have with active online classes and the
risk of missing or even incorrectly assuming some vital stu-
dent barriers. Such misassumptions may worsen or even create
more unnecessary barriers.

- “We later might find we have made mistakes about barriers
and that is a bad impression in early days of teaching. [...] A
good reference can save your early days of teaching because
it is the only time most of your student usually attend and
they carefully evaluate everything to see if your class has
worth to attend more sessions, turn on their camera, talk,
participate and more ... if you leave a bad impression, they
just take naps, go and show up at the end of the semester.
For this reason, I think it is necessary to be informed about
the possible barriers scientifically.” (Without-list group,
Adjunct Instructor, Life Science)

3. The barrier list can inspire educators to modify old
active learning strategies and make them more inclusive.
We notice that with-list educators tend to pose more creative
solutions for addressing the student barriers. They are more
active to suggest modifications to old active learning strategies,
i.e., the ones we know from face-to-face classes. Many of these
with-list educators describe the usage of the extracted list of
barriers to be inspiring.

- “One of the applications for this barrier list and maybe the
similar ones could be inspiring faculty members to change
their teaching styles. [...] The barrier list can also help
[them] to feel more equipped to face new teaching chal-
lenges. [...] It is easy to go over the list in less than 10
minutes and get a quick idea about what is problematic for
students.” (With-list group, Lecturer, Life Science)

- “Sometimes faculty members use heavy workload to make
up for what is lost in online active classes. So they assign
more homework. But what is ought to be done by faculty
is not to just add more. They should rethink about now I
am using a different way (of teaching)... not in a physical
classroom, but in a synchronous online class. So how do I
do what I used to do, differently, to achieve the same goal.”
(With-list group, Professor, Electrical Engineering)

DISCUSSION
In general, this study presents empirical evidence to the barri-
ers students face in active online classes. We argue that this
empirical evidence is important to the learning research com-
munity as many archived works in this domain are motivated
by or deal with anecdotal evidence. This work contributes by
bringing evidence from the reality of student barriers in active
online classes, which has rarely been precisely documented.

We also help the community by correcting some misconcep-
tions about AL. For example, while previous studies have
mainly assumed AL to be automatically engendering positive
feelings for class engagement, our study shows it to be a wrong
assumption. According to our findings, apathy towards AL is
one of the pervasive issues many students experience. This
suggests that there might be a demand for designing the inter-
face and interaction features for promoting positivity towards
AL among students and for raising instructors’ awareness of
resistance in student participation.

Finally, the insights from this work can not only help the
learning domain researchers and practitioners conduct a more
informed inspection of the appropriateness of existing online
education systems in AL settings, but also point out unmet
needs as opportunities for future research and design.

The rest of this section is organized into three parts. First,
we provide some design suggestions for HCI and Learning at
Scale researchers and practitioners. Next, our thematic analy-
sis is elaborated, and finally, we introduce the main limitations
of our work.

Design Suggestions
• Develop new interaction designs based on new input
ways. According to our barrier list, there are many barri-
ers that make students unable or unwilling to turn on their
cameras or microphones, and current pure text communica-
tion is too slow. Therefore, for the online education system,
there is a demand for new interaction design based on new
input ways, like screen sharing, Virtual Reality (VR), and Aug-
mented Reality (AR). For example, interactive screen sharing
is a very common way of transmitting information in online
teaching [76], so students may use the shared screen to com-
municate with the teacher instantly and directly. A possible
design could be that if a student has a question about one
step of a formula derivation on a slide that is being shared,
he or she can simply circle it with the mouse and mark it
as “question” or “unclear”. The action will be shared to the
teacher’s screen in real-time so that students can easily ask
questions without having to type long sentences and weird
symbols in the chat box or explicitly pop up and interrupt
the teacher, which are also barriers that decrease the students’
willingness to engage, especially in large-scale classes where
some students would be reluctant to directly ask questions
due to shyness and low self-efficacy. Using such new types of
input in the interaction process utilizes the advantage of online
education and improves communication efficiency between
students and educators.

• Apply virtualization techniques to transmit more infor-
mation in communication under the premise of adequate



privacy protection. There is always a trade-off between pri-
vacy and online communication efficiency. Although it is
common sense that turning on the camera can significantly
increase communication efficiency, a student often refuses to
do so for privacy reasons, such as unwillingness to reveal his
or her messy room or casual dress or face without makeup,
and so on [31]. Some techniques such as virtual background
have been used to address these barriers but it only solves part
of the problem. What we further recommend is to use virtual
faces such as Memoji or Animoji to better protect the privacy
of the user without vital information loss. This is because
virtual faces can replace the original face with no loss of facial
expression such as smile, gaze, frown, nod, and shake which
contain emotional information [5, 52]. Such virtual interactive
design can alleviate people’s privacy concerns so that encour-
age more people to turn the camera on, which will greatly
increase communication efficiency. Hence, more research in
this direction is demanded.

• Instant communication between students might help
with students’ learning. Although excessive whispering in
the classroom is considered bad behavior with disrespect, it is
believed that timely and appropriate private communication
is necessary and beneficial for learning especially in online
classes [90]. In our interviews, many students mentioned that
the lack of instant communication makes it difficult for them
to keep up with the class once they miss any important infor-
mation. Meanwhile, some students had to use external social
media apps to communicate with their classmates in class, yet
it was easy to be distracted by these apps. Hence, we believe
that a function of allowing whispering among students should
also exist in online education systems. However, in current
online education systems, functionalities for students to com-
municate with each other privately is still totally text-based
and usually disabled by the instructor. Therefore, we encour-
age HCI and Learning at Scale researchers to explore more
efficient designs for instant communication in the online edu-
cation system, enabling students to communicate in a timely
and efficient manner.

Thematic Analysis
In this research, we use an integrated deductive and inductive
coding approach to analyze the extracted qualitative data from
the social media content and all of the transcripts of the semi-
structured interviews in studies 1 and 2 [40]. The deductive
part is because we have clearly defined the scope of this work
as exploring student barriers to active online learning right
from the beginning, and there exist some frameworks of offline
active learning barriers that could serve as initial seeds of our
investigation (see [47]). Meanwhile, we realize that there
might be emerging issues in active online learning, which
might be different from the offline counterpart as indicated
in the POD network discussions of faculty members, which
motivated this work as presented in the introduction. We thus
introduce the inductive component of analysis to keep the
room open for any type of barriers that emerge directly out of
our data sources.

Towards this end, this research follows a standard coding pro-
cedure [88]. Different members first read all of the extracted

content and transcripts multiple times and then extract the ini-
tial themes and codes independently. The findings are merged
and refined iteratively through weekly group meetings and
discussions for over two months. We use affinity clustering
diagrams shared with Google sheets to save, manage, and
organize our findings. We achieve Fleiss’ Kappa inter-rater
reliability measure of 0.89 on our final list of student barriers,
which shows an almost perfect consensus among all of the
team members [23].

Limitations
We should acknowledge some limitations in relation to our
results. Since we used convenience and snowball sampling
to recruit participants, and although we tried to ensure the
diversity of our participants’ backgrounds, there might still be
some bias. For example, more than half of the interviewees
were from engineering majors, and the majority of the educa-
tors were male. We also found it hard to find educators who
have experience in active online classes, because most uni-
versities have only been conducting online teaching for about
two semesters. Therefore, we plan to collaborate with univer-
sities and researchers around the world for further in-depth
research. Moreover, due to the pandemic, all interviews have
been conducted online and we thus had less contact with our
participants; so some non-verbal cues may have been missed.
Therefore, we think it would be advantageous to interview
more participants face-to-face in future follow-up studies.

CONCLUSION
In this paper, we adopt a qualitative research approach to char-
acterize student barriers to active learning in synchronous on-
line environments. Opinions of students and expert educators
were collected from social media content and semi-structured
interviews, and then thematically analyzed to create a nuanced
list of student barriers within the themes of human-side, tech-
nological, and environmental barriers. Next, we conducted
surveys with students and expert educators who had prior expe-
rience with active learning courses to explore the importance
and exclusiveness of each barrier. Finally, the results of a
summative study with novice educators showed the usefulness
and effectiveness of our barrier list. This work aims to help
novice educators comprehensively consider student barriers
and prepare more student-centered and inclusive active online
classes. Furthermore, this is the first study of student barriers
to draw HCI and Learning at Scale researchers’ attention to
active learning in synchronous online classes. However, our
research was mainly based on local universities and therefore,
future work should investigate students and educators from
more diverse backgrounds and on a larger scale.
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