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Figure 1: Streaming system used in the field study. Left is the device for streaming blood volume pressure (BVP) signal. Right
is the interface consisted of class content area, streaming area, and camera area.The visualization in the streaming area was
generated based on two features: (1) beats per minute (BPM) (2) the percentage of adjacent normal sinus beats’ interbeat
intervals that differ from each other by more than 50 ms (pNN50). The red and blue lines represented collective BPM and
pNN50 respectively and both were calculated from rolling means of all data contributors every one minute.

ABSTRACT
Insufficient social cues between distributed learners in online learn-
ing could result in lack of engagement and social bonds. With the
development of wearable sensing, sharing physiological data can be
used to enhance mutual understanding and connectedness among
sharers. Our work aims to explore the potential of sharing heart
rate (HR) and heart rate variability (HRV) collected from distributed
learners to enhance their online learning experiences. We imple-
mented a physiological streaming system and conducted a field
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study with 11 learners in online classes. This paper describes the
study and discusses our interview findings by contrasting the in-
fluence of visualized collective physiological data from viewpoints
of data contributors and viewers. Our exploratory results suggest
streaming collective HR and HRV frommultiple distributed learners
could be used in online classes to improve engagement and sense
of community.

CCS CONCEPTS
•Human-centered computing→ Empirical studies in collab-
orative and social computing.

KEYWORDS
physiological sensing, online learning system,engagement, visual-
ization
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1 BACKGROUND AND MOTIVATION
Lacking of engagement and sense of community has been identified
challenging for distributed learners in online learning [8, 14, 17]
due to insufficient socials cues [17]. Various approaches have been
proposed to enhance social presence in online learning. For exam-
ple, visualizing historical social comments from prior online peers
to support learner engagements [9], or applying scenario-based
interaction design to facilitate social interactions among distributed
learners [16]. However, most research focused on mediating user-
generated contents to engage distributed learners, which requires
learners to actively spend extra efforts while attending the lecture.
Different from these related works, our research aims to use physi-
ological data as social cues to express distributed learners’ implicit
feedback during online learning.

Physiological signal such as electroencephalography (EEG) [4, 5,
10], galvanic skin response (GSR) [15], and heart rate (HR) [1, 12]
can be a substitute for social cues to interpret others engagement
and emotional situations. We selected HR and heart rate variabil-
ity (HRV) as our key physiological data because HR is relatively
intuitive to interpret and the streaming system is feasible to be set
up in large scale even remotely. Slovak et al. proved HR feedback
is a strong connectedness cue affecting interactions especially in
remote scenarios [12]. There are also some practical applications in
which HR and HRV sharing alleviated stress in remote collabora-
tions [15] and augment social games [1]. Inspired by these works,
our study aims to explore how sharing cardiovascular activities
could influence distributed learners’ engagement and sense of com-
munity. Our exploratory results show the feasibility of streaming
collective HR and HRV measurements from distributed learners
and the potential to enhance social bonds in online learning.

2 FIELD STUDY
We conducted a field study to investigate how distributed learners
react to the streaming system that presents collective HR and HRV
measurements in real time. Our system tracked Blood Volume Pulse
(BVP) from self-built wrist-worn devices with an optical sensor
placed on the fingertip referring to the set-up in previous work [2, 6,
13] (Fig. 1 (left)). The device sampled the BVP at 50Hz and streamed
to our system server via User Datagram Protocol (UDP), which
supported distributed learners to stream their data without location
restrictions. We implemented glance-able line charts right below
the presenter’s slide content (Fig. 1 (right)) to avoid distracting
learners from the class content. BPM was selected as an intuitive
HR indicator of excitement and anxiety. While pNN50 was adopted
as an established HRV feature to reflect relaxation and sustained
attention [7, 11]. We briefly introduced the features we used in the
beginning of the class.

The streaming session was embedded in a lecture series lasting
about 40 minutes. 48 learners in total attended the online lecture

over Zoom. The field study had ethic board approval from Keio
University. 8 learners volunteered to stream and share their physi-
ological data. After the streaming session, we organized interviews
on 11 learners and 6 of them were data contributors while the
others were viewers. During the interview, we asked participants
about their perception and experience while viewing the streaming
visual in the class, and to compare their experiences in class with-
out the streaming event. We also asked participants to share their
interpretations about the visuals including the meanings behind
and sources of the data. We also questioned the learners who con-
tributed streaming data about their personal feelings when wearing
the device and sharing their physiological data to others.

We delivered surveys after the classes with and without the
streaming visualization to quantify its impact on learners. Besides
demographic questions, the survey asked questions about sense
of community [14] and perceived psychological engagement [3]
in 7-point Likert scales (1:Strongly Disagree, 7:Strongly Agree).
17 learners answered the survey after the class without seeing
physiological data streaming, and 19 learners answered the survey
after the class implemented with physiological data streaming. We
notified students that joining the study was not compulsory and all
of the answers would be kept confidential and not related to any
type of grading.

3 RESULTS AND DISCUSSIONS
In this section, we summarized the themes emerged from the quali-
tative analysis and identified feedback from data contributors and
viewers. We also report survey results to triangulate the interview
findings.

All the participants reported they had the motivation to look
at the streaming visual. Main reasons were the curiosity in oth-
ers’ reactions ( "I find it very interesting to see how people develop
together."(C1)) and the awareness of what’s going on in the class
"Whether I intentionally looked the streaming was related to the
instructor and the content of the course itself."(C3).

In accordance with our concept design, participants reported
increasing engagement and sense of community with the stream-
ing system. As data contributors, they could involve in the class
more actively ("The change of the data visualization was like the
more spontaneous reaction, what’s happening in class [...] when the
instructor was asking us something, then I was curious if it goes up
because people feel involved and then they’re like, oh, I need to act
now."(C1)), and feel more connected to other distributed learners
by seeing the data visualization ("Putting aside how accurate the
visualization were or what it meant, I felt it really cool to see that
we are somehow affecting this class and visuals. [...] I felt like I was
part of a class and felt like there were people like in this class that
there was a presence rather than me sitting alone in the room and
whatever." (C2)). Moreover, data contributors did not report privacy
concerns with the sharing mostly because of the visual was shown
in an aggregated manner and perceived anonymity (" Because it
feels like so many people’s data and not my data alone. It’s something
more objective and doesn’t feel violating." (C3)).

Regarding viewers’ experience, they mentioned it was a little
hard to understand the system setup, such as how was the data
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recorded, integrated, and transformed. However, they were still in-
terested in the trend and fluctuations of the streaming visualization
("I can get a rough idea of what it is, but I don’t understand what
it is. But looking at the trend, I can feel the change." (V2)). Viewers
also mentioned the streaming visual enhanced their engagement
and connection especially when most of the people turned off the
cameras in the online class, which was a common practice of the
class we studied ("I could see the visuals like moving. So I can see
that people are listening or people are actually there attending the
class and will sort of indirectly causing me to feel like feel connected
to the students." (V1)).

Survey results also showed perceived psychological engagement
was slightly higher in the streaming session (M = 3.99, SD = 0.38)
than that without streaming (M = 3.73, SD = 0.4), with a marginal
significant difference (t[32]= 1.95 , (.05<p<.10)). Although there
was no significant difference of sense of community between two
conditions (t[33] = 0.92, n.s., without streaming:M = 4.29, SD = 1.01;
with streaming: M = 4.63, SD = 1.13). We will further explore in
controlled lab settings to clarify the effect of streaming visualization
on learners’ perception of social bonds.

4 CONCLUSION AND FUTUREWORK
This field work presents the feasibility and potential of streaming
collective HR and HRV remotely from multiple users in real time.
Data contributors and viewers reported slightly different experience
in terms of participation. However, both of their feedback indicates
that sharing HR and HRV during the online class could serve as
an extra channel to provide social cues for enhancing distributed
learners’ engagement and sense of community. In the future, wewill
further explore physiological, psychological, and behavior changes
among distributed learners during the feedback loop triggered by
visualizing shared physiological data.
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