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Figure 1: A pseudonymous snapshot of a 50-minute lecture with blurred, real faces for the video feeds. 13 out of 21 students 
are not sharing their videos, and everybody is muted except the one person who is speaking (outlined by a yellow border). 

ABSTRACT 
This paper investigates in-class interactions in synchronous online 
classrooms when the choice of modality is discretionary, such 
that students choose when and if they turn on their cameras and 
microphones. Instructor interviews (N = 7) revealed that most 
students preferred not to share videos and verbally participate. 
This hindered instructors’ ability to read their classrooms and 
make deeper connections with students. Survey results (N = 102) 

Permission to make digital or hard copies of part or all of this work for personal or 
classroom use is granted without fee provided that copies are not made or distributed 
for proft or commercial advantage and that copies bear this notice and the full citation
on the frst page. Copyrights for third-party components of this work must be honored.
For all other uses, contact the owner/author(s). 
CHI ’21, May 8–13, 2021, Yokohama, Japan 
© 2021 Copyright held by the owner/author(s). 
ACM ISBN 978-1-4503-8096-6/21/05. 
https://doi.org/10.1145/3411764.3445240 

suggested that students felt a lacking sense of community in 
online vs. in-person lectures. Some students felt uncomfortable 
broadcasting their appearances to everyone in the class, and some 
were unaware of the benefts for instructors. Most students favored 
using the text chat to participate. Considering the needs of both 
instructors and students, we propose recommendations to mitigate 
the loss of classroom interactions by collecting and presenting less 
invasive social cues in an aggregated format, and incorporating 
opportunities for informal exchanges and individual control to 
spark peer bonding. 
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1 INTRODUCTION 
The instructor of a 22-person graduate class recently taught his frst 
synchronous online classroom. During the discussion-based lecture, 
only a few of his students decided to share their videos, and they 
stayed muted for the entire time except when it was their turn to take 
part in the conversation. This occurred during our observations of 
a live virtual lecture at a large research university, shown in Fig 1. 
Research shows that when students cannot see one another in a 
learning environment, they feel isolated [47] and dissatisfed [27]. 
However, most students still decided to not share their videos. 
Experienced instructors, who are usually able to adjust teaching 
according to students’ emotional and cognitive signals [7, 69], fail 
to read their classrooms and understand students’ changing needs 
in real-time, since their students appear as only a grid of black 
rectangles. 

When teaching university classes online, many instructors opt 
in for synchronous approaches due to the beneft of real-time 
interaction. Enhanced classroom interaction is shown to improve 
learner satisfaction [12, 57], class retention [52], and learning 
gains [8]. These interactions are facilitated via communication 
modalities such as text, audio, and video; text chat is shown to 
boost students’ grammatical consciousness, while video enhances 
social presence and learning performance [70]. Besides, a learner’s 
cultural background may afect talkativeness in video-enabled chat 
vs. text-only communication [64], and online behaviour can change 
depending on the degrees of anonymity and synchronicity of the 
virtual exchanges [24]. 

Prior work on systems for synchronous online classrooms 
assumed interaction modalities, specifcally students’ use of 
video [7, 8, 66]. This paper presents the frst results on students’ and 
instructors’ behaviors when the choice of modality is discretionary, 
meaning students choose to share their video and audio during 
lectures. We highlight why most students elect not to share their 
videos and how this has detrimental consequences for instructors 
to read their classrooms. We also show how online classrooms 
hinder informal student-instructor and student-student interactions. 
Finally, we discuss approaches for remedying these losses by 
encouraging the use of chat, incorporating fexibility into the 
content and distribution of video feeds, presenting engagement 
and confusion signals in an aggregated format, and creating 
opportunities for informal connections while enabling individual 
control over the interactions. This work contributes to the literature 
of online education post the COVID-19 outbreak (e.g., Chen et al.’s 
work [9] on K-12 and college students in China) which prompted a 
sudden shift from in-person teaching to live virtual classrooms. 

2 RELATED WORK 
We review strategies of in-class interactions according to 
Moore’s [40] taxonomy and how the fndings of this study relate to 
each type of interaction. 

2.1 Student-instructor Interaction: Class 
Participation 

Class participation is broadly defned as in-class student 
engagement that results in an enhanced personal and professional 
development and satisfed classroom experience [25, 29, 32]. Active 
in-class participation increases students’ motivation [34], improves 
critical thinking skills [14, 23], positively shapes character [38], and 
yields higher learning outcomes [17, 21, 67]. Despite these benefts, 
studies show that student participation is highly polarized: Howard 
and Henney [30] found that 90% of class participation was linked to 
a handful of students, while half of the students did not participate 
at all. 

To encourage student participation, instructors typically 
incorporate strategies such as instructor-initiated questions that 
aim to prompt responses from students. However, these strategies 
tend to be limiting, since only one person responds at a time [46], 
and interactions can be dominated by certain students [20]. 
While cold-calling (i.e., calling on students without warning) can 
diversify students who respond, it can be disadvantageous for 
more introverted individuals and students from other backgrounds 
[43]. Lastly, personal voting systems, such as clickers, have been 
shown to improve cooperation [49] and perception of review 
questions [54], but they cannot be efectively used for in-depth 
discussions. In this study, we explore instructors’ methods of 
promoting participation in synchronous online lectures, given the 
lack of students’ video feeds. 

2.2 Student-content Interaction: Lecture 
Content 

Moore [40] defnes student-content interaction as the process 
of intellectually interacting with the learning content to prompt 
changes in the learners’ understanding, perspective, and cognitive 
structures. In-class student interactions with the content can 
include the time spent on PowerPoint slides and other educational 
web pages during class time [56]. This type of interaction is 
fundamental for education [62] and critical for learning [60]. 
However, compared to the other types of interaction, student-
content has received the least attention in the literature due to its 
broad nature that can vary widely depending on course structure 
[71]. In this paper, we investigate students’ interaction with the 
lecture content, and propose recommendations for how instructors 
can beneft from existing social cues (i.e. engagement and confusion) 
to manage their online classrooms. 

2.3 Student-student Interaction: Sense of 
Community 

Sense of community is broadly defned as “a feeling that members 
have of belonging, a feeling that members matter to one another, 
and a shared faith that members’ needs will be met through 
their commitment to be together” [39]. Having a sense of 
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community in the classroom yields personal and academic benefts, 
including increased classroom participation and learning [22], 
better emotional well-being and stress management [48, 55], as 
well as better rates of persistence and attrition [15]. However, in 
online classes, there are not as many opportunities to interact and 
connect with peers, which increases feelings of isolation for some 
students [37]. Students in online settings may also struggle more 
with creating and maintaining friendships as they take part in their 
studies [13]. 

In-class student activities can aid community building. Certain 
peer-to-peer interactions that contribute most to a sense 
of community include self-introductions, disclosing personal 
experiences, discussions with the entire class, and exchanging 
resources (e.g., notes or techniques) [53, 61]. This paper reveals 
new insights about students’ challenges to make connections and 
build community in online learning environments. We also ofer 
design recommendations to enhance informal interactions. 

3 PHASE I: INTERVIEWS WITH 
INSTRUCTORS 

To understand instructors’ experience of conducting online lectures 
and how it compares to in-person teaching, we interviewed 7 
instructors. 

3.1 Methods 
Participants. We invited 12 instructors from University of California 
San Diego to participate in our interview study according to 
convenience sampling. All invitees taught at least one online class 
at the time of the interviews. 7 instructors (1 female, 6 male) 
participated who represented 5 departments and had 1 to 22 years 
of teaching experience. Two instructors (i.e. I2 and I3) had created 
MOOC lectures, but none had previously taught a synchronous 
online class. The instructors taught 3 graduate and 4 undergraduate 
online classes on the teleconferencing system Zoom, ranging from 
15 to 189 students. 5 classes contained separate lab and discussion 
sections which were managed by teaching assistants. Table 1 
describes the instructors and their online courses. 

Interviews. We conducted semi-structured interviews in the middle 
of the Spring quarter. These interviews took place over Zoom and 
lasted 30 to 45 minutes. Instructors described their course structure, 

in-class interaction with students, challenges of managing lectures, 
and how their experience compared to prior in-person classrooms. 
We recorded all sessions and anonymized the transcripts for 
analysis. 

Analysis. The frst author open coded the transcripts and combined 
the initial codes into preliminary topics via inductive thematic 
analysis [11]. All authors then iteratively discussed and revised the 
emerging ideas into four themes as described below. 

3.2 Results 
Reading Engagement and Confusion was Challenging 
6 instructors (out of 7) expressed limited understanding of students 
in their classes, because they did not share their videos and audios 
during the lecture. I5, the instructor of a 15-person graduate-level 
lecture, compared his experience to a monologue: 

"When I’m presenting the lecture content, it feels like 
I’m talking into a void. [...] I think the particular choice 
of void was something I felt the frst day. And I kept 
that feeling. I’m literally in my own bedroom talking 
into a black wall and it’s complete silence. Everyone’s 
muted. And I have my headphones on, and it’s kind of 
echoey and it feels like I am talking to myself. It kind 
of became a monologue." (I5) 

Comparing their experience to prior in-person classrooms, 
instructors identifed specifc types of cues that they needed 
to understand their students: engagement and confusion. For 
instance, I7 struggled with the lack of awareness from his students’ 
engagement: 

"One of my biggest challenges [in online teaching] is 
mostly engagement. How do you tell whether students 
are engaged? Somehow if I could know how many 
students are tuned out, how many students are not 
looking at the Zoom, but looking at some other web 
pages that are not related, that is just useful for me." 

In addition, I1, who was well-experienced in teaching large in-
person classrooms over the years, struggled to detect student 
confusion in an online environment: “Now you can’t read at all 
if people are understanding stuf. You have no sense if people are 
getting it or not getting it”. 

Instructor Years of 
Teaching 

Department Course 
Mode 

Course Level Course 
Size 

Duration 
(mins) 

Sessions 
per Week 

I1 22 Biology Lecture Undergraduate 189 80 1 
I2 15 Management Seminar Graduate 25 180 1 
I3 16 Data Science Lecture Graduate 31 80 2 
I4 6 Biology Lecture Undergraduate 185 80 1 
I5 2 Computer Engineering Lecture Graduate 15 50 3 
I6 9 Cognitive Science Lecture Undergraduate 89 80 2 
I7 1 Cognitive Science Lecture Undergraduate 92 80 2 

Table 1: Background details on the 7 instructors and their remote courses at the time of the interviews. I1 and I4, as well as I6 
and I7, taught two sections of the same course. 
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Aggregation and Simplifcation Assist Reading the 
Classroom 
Instructors talked about strategies that they used in co-located 
classrooms to better digest the social cues from students. One 
technique was selectively paying more attention to a subgroup 
of students who engaged more with the content. I6 explained 
his strategy for reading a classroom of 89 students when it was 
conducted in-person: 

"I think generally in class, you end up picking on some 
students who are more verbal, who are more engaged, 
who are paying attention; and just by nature, you end 
up honing in on them." (I6) 

Refecting on online classrooms, some instructors proposed 
simplifying students’ videos to assist teaching: I7 favored an 
aggregated signal that would help him read his large classroom. 

"I am looking for some ways of aggregation, some ways 
of simplifying the information, because I just want to 
know whether the students are paying attention. That’s 
all I need to know. I don’t really need to know whether 
they are wearing glasses, whether they have long hair, 
short hair, girl, or boy. I don’t really care about that." (I7) 

Lack of Student Participation Led to Alternative Methods of 
Engagement 
6 out of 7 instructors talked about the lack of students’ verbal 
participation in class. Comparing their online classes to previous 
in-person oferings, some instructors said that “there are people who 
don’t want to vocalize their questions at all” (I5), and “students are 
very, very reluctant to speak up” (I1). I5 also mentioned a noticeable 
silence once he asked a question from students: “When I ask a 
question, there is a gigantic lag before someone says something”. 
Some instructors believed that the nature of remote attendance led 
to this behaviour: 

"I think that the screen has become a crutch for students 
not to engage in class. I bet you a good percentage of 
them when they listen in on lectures, they’re laying in 
bed." (I6) 

To alleviate the lack of verbal participation, instructors relied on 
other techniques to engage their students. Encouraging students to 
participate in the chat section was a common strategy; for instance, 
I1 mentioned that she “tried to get students to respond in the chat” 
instead of having the students to speak out loud. Some instructors 
allocated time in between when they asked a question and when 
they expected students to respond: 

"I usually put questions to the students just to get 
them thinking about it for a while. I ask them to write 
something in chat, and then I would have to look at that 
and verbalize what had been typed." (I6) 

I2 — who taught an online class with all 25 students sharing their 
videos — employed a similar technique for cold-calling in online 
lectures: 

"I am unafraid to cold call. Online, I’ve adopted more 
of a warm call where I’ll say, hey John, in a couple of 
minutes we’re going to come back, and I’d like you to 
discuss this topic with us a little bit." (I2) 

Similar to clicker questions in physical classrooms, I1 used an 
integrated polling feature and emphasized the benefts of review 
questions to understand her students: 

"To engage students is to give them little quizzes. They 
like quizzes, and they like to get the answer right. So 
that doesn’t mean they’re going to show their face, but 
it does tell me that at least behind that black screen, 
there’s something going on." 

While instructors reported improvements in student engagement 
after using these strategies, overall they found the online setting 
more challenging to promote student participation. 

Online Lectures Posed Barriers for Connecting with Students 
Some instructors struggled to socially interact with students in a 
synchronous online classroom: they struggled to engage in informal 
conversations and make deeper connections with students: 

"I think one of the important things about teaching is 
just feeling a connection to the students, and the students 
feel like you care. You can joke around with them in 
class, and you can chat with them before, and you can 
chat with them afterward, and it’s just not the same. But 
I think that’s actually an important part of teaching, 
which is just making this human connection." (I1) 

4 PHASE II: STUDENT SURVEY RESPONSES 
To understand students’ perspectives on attending online lectures, 
we developed and distributed a survey with Likert-scale and open-
ended questions. 

4.1 Methods 
Participants. We distributed the survey to 1, 064 students in 13 
online classes (4 graduate and 9 undergraduate) during the Spring 
and Summer quarters. 102 students (9.6%) flled out the survey 
with varying degrees of completion; 81 fully completed the survey, 
while the responses of the other 21 students were partially recorded. 
The demographics of the 102 participants is as follows: gender (56 
female, 44 male, 2 non-binary), academic level (95 undergraduate, 
7 graduate), nationality (15 types in total with American (N = 52) 
and Chinese (N = 21) as the majority). 

Survey. The students survey asked for demographics and 
investigated three broad topics: (i) lecture participation, (ii) 
remote learning environment, and (iii) communication channels. It 
contained a mix of Likert-scale and open-ended questions about the 
specifc class that the students were taking. Survey prompts were 
inspired by the interviews with instructors and their speculations 
about students’ circumstances; for instance, we used I6’s “I bet you 
a good percentage of them when they listen in on lectures, they are 
laying in bed” to present the following two prompts: During lecture, 
I am positioned right in front of a webcam, and I use a productive 
workspace at home. We provided additional open-ended response 
boxes for further elaboration on the Likert-scale prompts. 

Analysis. We analyzed the open-ended questions using a mix of 
inductive (i.e., bottom-up) and theoretical (i.e., top-down) thematic 
analyses [11]. The inductive approach followed a similar open-
coding process as in phase I. We used instructors’ interviews 
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to inform our analysis in a top-down manner; for instance, we 
used themes such as “chat” and “participation” to collect students’ 
responses in diferent sections of the survey. 

4.2 Results 
Figure 2 displays the Likert-scale prompts and the distribution of 
responses. While these responses cover broad topics (e.g., students’ 
remote living circumstances, breakout room participation, and 
group projects), this work highlights in-class interactions. The 
complete survey results are included in the supplemental material 
for future exploration. 

Students Were Reluctant to Turn on Their Cameras 
The survey responses revealed that students were reluctant to share 
their video feeds, similar to what 6 of the instructors mentioned in 
phase I. 80% of students always turned their cameras of, and 84% 
kept their microphones muted. Contrary to what one of the 
instructors hypothesized, 71% of students were positioned in front 
of a webcam during lectures. The survey also contained an open-
ended question about students’ reasons for not sharing videos, 
which we discuss in this section. 

Out of 52 written responses, 23 students (44%) expressed 
discomfort with displaying their appearances. Some students 
reported reluctance to look presentable in a remote environment; 
for instance, one student said: “I don’t want to show my face 
when I’m in my home clothes, haven’t showered, etc.” In addition, 
some students – who performed other activities during lecture – 
expressed discomfort broadcasting these activities; two students 
mentioned: “when I haven’t eaten, I’ll eat while attending the lecture 
and don’t want people to see me,” and “it feels weird to have a camera 
on me while I take notes”. Interestingly, eating and taking notes are 
common activities in physical classrooms. 

14 students (27%) believed that sharing videos served no purpose 
and thus avoided doing so: “there is no need for my camera to 
be on”. Some students were unaware of benefts of their video 
feeds for instructors, as described in phase I. Also, 12 students 
(23%) attributed their decision to the consensus among their peers: 
“nobody else has their camera on, and I feel awkward turning mine 
on” and “that’s what all other students do”. 

Other less common reasons consisted of having limited access 
to a webcam and preventing distraction for the class: "the camera 
on may distract other students if I am fdgeting or moving around, so 
it’s just better to keep it of". 

Chat Fostered Student Participation 
Students felt less social anxiety asking questions in the chat 
instead of verbalizing to the entire class. This is evident from the 
Likert-scale responses, as 80% responded positively to use the chat 
compared to a smaller 45% who felt comfortable to speak out loud. 
They brought up concerns regarding speaking in a large class and 
asking seemingly unintelligent questions: 

“It’s a bit nerve racking to ask questions in a big 200 
person lecture when you feel that everyone is staring 
at you, and perhaps the professor may not even answer 
the question properly, but you don’t want to ask for 
clarifcation.” 

“I am not forced to really show who I am. Because of 
this, I feel better asking questions using the chat, since 
no one is going to know who I am. In person, everyone 
looks at you, and if you ask a dumb question, they will 
always know and remember my face.” 

Students also felt uncomfortable interrupting the fow of the 
lecture to ask questions: “I’m more comfortable asking questions in 
chat, since I feel less like I’m interrupting the lecture”. 

Figure 2: The distribution of students’ responses for the Likert-scale prompts. Students showed reluctance to turn on their 
cameras and unmute their microphones during lectures. Interestingly, most indicated that they had access to working 
webcams but chose not to use them. 
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Other students were concerned about the technological 
difculties to verbally ask questions, and they perceived the chat 
feature as more reliable: 

“I don’t speak, because written questions sent in as 
chat messages are guaranteed to get across clearly and 
accurately, whereas a microphone or speaker on the 
sender or receiver’s side could malfunction.” 

As mentioned above, using the chat alleviated social anxiety 
and the interrupting nature of asking questions verbally. Students 
reported that lowering these barriers encouraged asking more and 
deeper questions: 

“I have participated way more in online lectures. It is 
easier now to ask a question and write in the chat than 
raise my hand in a huge lecture hall.” 
“I ask more in depth questions online, because I feel as 
though the chat feature is not as disruptive.” 

Besides, some students indicated that chat facilitated informal 
interaction with their peers: “I fnd the chat room also a great place 
to build community with other students, because usually we would not 
interact with each other as much”. Overall, the chat feature addressed 
some of the gaps in student participation, mainly fostered asking 
questions and interacting with other students. 

Students Struggled to Connect with Peers and Instructors 
The survey showed students’ challenges to socially interact 
with instructors and their classmates. Students struggled to fnd 
opportunities to connect with their instructors, such as the lack of 
post-lecture time. As indicated by the survey responses, after class 
is a popular time to connect with the instructor for questions about 
or beyond the course and have more informal exchanges. 

"I think interactions with the professor are basically 
nonexistent. I hear my professor did social work or 
something like that, and under normal circumstances, I 
would come to him after lecture and make some short 
conversation about that. [...] I want to know how my 
major could connect to helping people, but I guess I’ll 
save that conversation for some other day". 
“When I have questions about the assignment, I can ask 
instructors right after the class. But for online lectures, 
I cannot do so.” 

Some students pointed out that in-class social engagements 
with instructors were diferent, commenting that “professors don’t 
make as many jokes, because they don’t get any feedback, so it’s 
incredibly dry”. Online lectures also did not efectively facilitate 
peer-to-peer interactions or serve as a starting point for deeper 
bonding (i.e., friendship). One student commented, “it’s not easy 
to meet people and make friends like it was with in-person lectures”. 
This point was echoed by another student: 

“I miss the interaction with others. That’s half the reason 
you take classes in the frst place [...] I met some of my 
closest friends in my major and elective classes. This is 
a lost opportunity to get to know some cool people”. 

Online Lectures Lacked Sense of Community 
Many students felt the lack of community in online classrooms 
and mourned the higher social connection aforded in co-located 

lectures: “it feels weird to never actually see or talk to classmates and 
professors in person. It feels impersonal”. Another student elaborated 
on a similar sentiment: 

“I miss getting feedback from other people in the class, 
because usually I look around to see if they’re as 
confused as I am, so there’s no camaraderie there. If 
other students have problems with the class, normally 
they say so in class. Now it’s all through email, so I can’t 
tell if people are having the same issues as I am, so it’s 
incredibly isolating”. 

5 DISCUSSION: NEEDS AND 
RECOMMENDATIONS 

This section articulates the needs that emerged from our analyses 
and presents broad recommendations – based on observational 
research [18] – for instructors and online lecture technologies. 

5.1 Flexible and Weighted Distribution of 
Video Feeds 

The majority of students reported reluctance to share their videos 
during lecture: some students were uncomfortable to broadcast 
their appearances to the entire class, and some were unaware of 
the benefts for their instructors. 

Incorporating fexibility in what and how students share visual 
cues can promote engagement. Due to the remote nature of 
attendance in online lectures, students might not be expected to 
ofer the same level of visual data; for instance, students who share 
bedrooms with other siblings are less likely to turn on their videos 
compared to ones who live by themselves. Less invasive forms 
of social cues (e.g., facial expressions and nods) might be more 
appropriate for students who do not wish to fully broadcast their 
faces and surroundings. The detection and extraction of facial 
landmarks have been widely used in online learning environments 
(e.g., Intelligent Tutoring Systems) to accurately characterize 
states that contribute to students’ learning, such as confusion 
and engagement [2–4, 26, 51]. While we did not collect students’ 
thoughts on sharing facial expressions, Wang et al. [65] fnds that 
students are receptive to ofering their afect data to help instructors 
improve teaching. 

Another solution can be to enable students to control how they 
send their visual feeds and receive others’. Our results revealed that 
some students felt uncomfortable to share their videos, because 
all their classmates were able to see them and might even fnd 
their video feeds distracting. Classrooms are traditionally designed 
to follow a behavioristic model [28] and put the instructor as the 
focal point of learning [68]. However, video conferencing tools 
assign the same level of attention to every attendee; this model 
represents a meeting scenario in which all participants are given 
the same priority with the spotlight set to the person speaking. 
Future lecture delivery systems can consider a fexible model that 
enables students to adjust how they send and receive video feeds: 
for instance, students can assign most attention on the instructor’s 
video, less attention on friends, and receive no feeds from others. 
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5.2 Aggregated and Simplifed Presentation of 
Real-time Social Cues 

Instructors highlighted the importance of in-class social signals for 
tailoring lectures according to students’ needs. To adjust teaching 
on the fy, instructors can beneft from receiving specifc visual 
cues that they need (i.e., engagement and confusion signals) in a 
digestible manner. Our interview fndings revealed that instructors 
(specifcally, I6 and I7) seek aggregated information that they 
can efectively incorporate into their teaching. This is especially 
important in large classes where it might be more difcult to 
monitor all students. Chen’s [7] remote video system clusters 
classroom signals (i.e., speech activity and body motion) in a 
timeline at the bottom of the instructor’s view. Similar visualization 
strategies can be used for real-time engagement and confusion 
signals. Moreover, instructors selectively pay more attention to 
a subgroup of students who are more engaged with the lecture 
content. Particularly in large in-person classrooms, this strategy 
helps instructors flter through all available social cues and extract 
ones that are more benefcial to their teaching. Online lecture 
platforms can consider the engagement levels of students to order 
the video feeds that an instructor can view. 

5.3 Chat to Satisfy and Exceed Interaction Gaps 
The text chat in online lectures have created opportunities to 
not only match but also improve overall student participation 
in physical classrooms. Many of the students noted that they 
felt more comfortable asking questions in the chat instead of 
having to speak out loud. Participation avoidance due to the 
feeling of intimidation from others or self-inadequacy have been 
pointed out in prior literature [31, 36, 67], dubbed with the term 
“classroom apprehension” [41]. Our results show that compared to 
verbal participation, chat fosters less social anxiety, and hence, 
lowers classroom apprehension. This is consistent with prior 
work that suggests students who self-rate higher in shyness 
prefer asynchronous chat to in-person interaction [1]. Increasing 
participation among shy students can lead to a less polarized and 
biased classroom atmosphere in which instructors might otherwise 
favor the more extroverted students [6]. Additionally, research 
shows that international students — who primarily speak a diferent 
language than the language of the class — lack confdence to 
participate [35, 58]. For non-native students, including 50 responses 
in our survey (49%), it might be easier to type their questions rather 
than ask verbally. 

We recommend instructors to take advantage of this feature 
as a complement to other modalities of engagement. In addition, 
students can be invited to use the chat beyond solely asking 
questions from instructors. It has been shown that social 
and collaborative interaction in web-based instruction lead to 
higher learning and satisfaction outcomes [33], so students 
can be encouraged to refect on other students’ thoughts and 
collaboratively discuss the lecture content. 

5.4 Creating Opportunities for Social 
Interaction and Community-Building 

Start of peer relationships is often sparked in the classroom, and 
friendships can develop outside of the lecture time. However, 

without the classroom being a place for initiating informal social 
connections, students are less likely to develop stronger ties outside 
of the lecture. Friendship and meaningful networking are major 
benefts of university life, as they relate to belonging and retention 
[5], as well as increased learning gains [10]. Social interactions are 
especially important when students are reluctant to share videos 
during class, exacerbating the feeling of isolation [47]. For the scope 
of this paper, we consider recommendations that are related directly 
to immediately before, after, and during online lecture sessions, 
although student bonding can be supported beyond the class time. 

In order to spark peer-to-peer connections, we encourage 
more opportunities for informal interactions. First, for bonding 
opportunities directly before and after lecture, we recommend 
adding “hall time” [45] to both the start and end of online class 
time. This allows students to enter the virtual lecture space earlier 
and leave later in order to interact with their peers and instructor. 
This type of lightweight addition can help students to connect with 
one another, build a stronger sense of community, and potentially 
initiate future friendships. Even informal interactions with “weak-
tie” acquaintances (i.e., semi-familiar peers in the same class) yield 
benefts to well-being and community-building [50]. Students’ 
informal exchanges with peers and instructors may also result in 
promoting networking and gaining helpful academic information 
(e.g., tips about their major). Interaction and peer mentorship 
beyond synchronous educational video streams have been shown 
to cultivate further engagement and online community [19]. 

Second, for bonding opportunities during class time, we 
encourage incorporating low-investment social opportunities in 
students’ group discussions. For example, since students can 
connect through sharing personal experiences [53], students may 
be prompted to self-disclose something more personal (e.g., their 
favorite movie) at the start of each small group discussion. Peer 
discussions can reduce social anxiety and promote confdence 
[59], and self-disclosure specifcally helps build and strengthen 
friendships [63]. 

Creating personal spaces for informal interactions can also 
promote community-building. “Individual control” [45] is another 
characteristic of co-located interactions that is missing in 
synchronous online classrooms. Given the time before or after 
lecture, students might still feel uncomfortable discussing informal 
topics in the presence of all other students; research shows 
that students who are inactive in large gatherings become more 
engaged in smaller groups [42]. While online lectures facilitate 
direct chats, they might not feel as personal as richer forms of 
communications (e.g., audio) [16, 44]. Enabling students to freely 
create rich interactions in smaller settings can be considered in 
future lecture delivery systems. 

6 LIMITATIONS AND FUTURE WORK 
This work provides empirical evidence from instructors and 
students about interaction gaps at a large research university. 
While we think that our results accurately represent this specifc 
educational setting, other lecture types might have needs that difer 
from the ones identifed in our study; for instance, instructors 
of smaller college classes might desire more understanding from 
their students beyond aggregated confusion and engagement 
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signals. Future studies can explore alternative online learning 
environments. 

While we limited the scope of this study to interactions during 
lecture time, other synchronous (e.g., ofce hour meetings) and 
asynchronous (e.g., email) interactions occur in an online learning 
environment. Exploration of these interactions can yield more 
insight on needs and ofer opportunities to enhance engagement. 
Emotional states of students in each type of interaction can also be 
studied more comprehensively. 

Interviews revealed instructors’ needs to read their classrooms 
in an easily comprehensible format. Future work can investigate 
the design of an instructor dashboard for presenting students’ 
engagement and confusion. Collecting, aggregating, and presenting 
students’ social cues non-disruptively and in real-time may be a 
promising study direction. Our recommendation of “hall time” also 
requires more exploration to discover efective implementations 
and assess potential impacts on student bonding. 

Finally, while our survey results indicated a strong preference for 
the use of chat, we did not examine the types of messages that were 
exchanged between instructors and students. Future investigation 
of chat can reveal specifc needs of in-class text interactions and 
inform the design of lecture delivery systems. 

7 CONCLUSION 
This paper presents empirical fndings on synchronous online 
classrooms when students’ choice of modality is discretionary. We 
fnd that students avoided sharing their videos which hindered 
instructors to read their classroom and students to socially interact. 
Students provided reasons such as discomfort with displaying 
their appearances. They instead preferred using the chat to ask 
questions. Our results point to design recommendations such as 
incorporating video sharing fexibility for students and aggregating 
engagement and confusion signals for instructors. We also suggest 
including informal time immediately before and after lecture, 
low-cost opportunities for informal exchange during lecture, and 
accommodating individual control for rich interactions in small 
settings. 
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