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ABSTRACT

Due to the many uncertainties that the current COVID-
19 outbreak carries, there are worries about the mental
health of many students. This research shows whether
biofeedback can help students in these times, by deliver-
ing illuminated feedback during online classes. This pa-
per analyses existing literature on the area of illuminated
biofeedback online, and adds to existing research by pre-
senting the results of an online questionnaire as well as
results of an exploratory user study. From the literature
research it can be concluded that there is potential in the
technique of illuminated biofeedback to support students
by soothing stressed users and increasing group coherence.
The user study showed an increased sense of coherence
while using the technology. However, from the question-
naire and user study, several subjects indicated to feel ex-
posed when sharing their emotional state individually and
preferred feedback on group level. In conclusion, illumi-
nated biofeedback carries potential to connect students by
adding new forms of expression during online classes. Ad-
ditional research should verify what this technology can
bring in online classrooms.
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1. INTRODUCTION

During the current COVID-19 outbreak, around 890 mil-
lion students in 114 countries are forced to study from
home in online classes [3]. Because of the many uncertain-
ties that this outbreak carries, such as economical con-
sequences, doubts of the future, or health issues, many
universities fear that this will affect the mental health of
their students, also while recovering from the impact after
the crisis [3].

In order to help these students - and possibly many oth-
ers who are struggling with homebound work - a technique
that is proven effective could be used, namely biofeedback.
The idea of biofeedback is to enhance people with the in-
formation from their body, such as respiratory rate, heart
rate and temperature, so they can use this information
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to (consciously) manipulate their body and mind. This
technique has already proven to cure or ease diseases as
ADHD [27], migraine [36], and anxiety [7, 43].

This biofeedback can be displayed to the user in different
ways, such as with audio, physical, and visual means. To
make biofeedback possible in a group setting over an online
video connection, visual feedback is chosen. For this re-
search the focus will be narrowed to illuminated feedback.
With illuminated feedback, the biofeedback is received in
a form of light. This light can vary in brightness, colour
and frequency of flicker to communicate with the user [12].
Different wearables are already being designed to be able
to show the internal emotions on the outside with the help
of visual means, such as the SWARM scarf [52], Breeze
pendant [12], TOBE robot [13], Hint t-shirt [19] and GER
Mood Sweater [47].

In these cases, biosensors are often used to translate dif-
ferent signals of the body to display the actual emotional
state someone is in. This form of feedback is something
Sensoree [48] describes as extimacy - external intimacy.
Extimacy is showing how you feel on the inside, to the
outside world [35].

Extimacy in biofeedback can help achieve group coher-
ence. Group coherence, or social coherence, occurs when
multiple people in a physical group are engaged. Social
coherence can improve the way we feel, communicate, and
behave, thus improving our psychological state [28].

This research will focus on applying illuminated biofeed-
back in an online classroom setting. The following research
question will be answered:

How can illuminated biofeedback help or hinder in an on-
line classroom setting of high school and university stu-
dents?

Figure 1 shows how such an illuminated biofeedback sys-
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Figure 1. Example of the illuminated biofeedback
technology in an online classroom



tem could look like. In this case, the emotional state of the
student can be measured via facial expression recognition
software, and this emotional state can then be displayed
with a coloured dot next to that student.

This research consists of three parts. Section 2 examines
existing knowledge on the fields of social coherence, illumi-
nated feedback, biofeedback for students, and biofeedback
online, by literature research. Section 3 shows what stu-
dents think of the COVID-19 situation and the application
of biofeedback, through an online questionnaire. Section
4 consists of an exploratory user study, where the appli-
cability of biofeedback in a non-physical environment is
tested.

This research will be the the first to explore the applicabil-
ity of biofeedback in online classes. By collecting opinions
of students and running an exploratory user study, the
research will shed light on the possibilities of the technol-
ogy, and its shortcomings. The paper will analyse how
this technique could help the students, or hinder them,
by exploring what is already known about the effects of
the technique, and seeing how subjects react to it. The
insights of this paper can be used for further research in
this area.

2. RELATED WORK

2.1 Social Coherence

A lot has already been researched about the effects of
social coherence and how to reach this through biofeed-
back means. The main technique used to detect social
coherence is heart rate variability (HRV). HeartMath [15]
develops several HRV-based biofeedback technologies and
researches the field extensively. The possibility of heart
coherence through HRV has already been proven [10, 26,
28, 33] and achieving social coherence through these HRV
techniques is shown to improve aspects like test anxiety
[7], work spirit [10], stress levels [25, 43], self-regulation
[27, 45], cognitive performance [41, 54], and proficiency in
math and reading [29].

This research in HRV biofeedback leaves room to assume
that biofeedback delivered from other measures of the body
to visual means can also deliver these benefits. Although
research on other biofeedback-based systems has not been
as extensive, there is evidence to support this assumption:
a group of 22 yoga students experienced higher croup co-
herency with visual biofeedback [32]; it is proven that il-
luminated feedback can increase self-awareness [44, 49];
different colour schemes are able to influence behaviour
(colour psychology) [4]; and visual biofeedback strategies
combined with video games have shown to promote pos-
itive emotions and team work [34]. Naturally, all of the
mentioned benefits reachable through HRV or visual biofeed-
back can be useful for students when it comes to online
classes.

Several studies have been conducted with high school and
university students, of which some of the studies that were
already mentioned [7, 10, 29, 45]. Additionally, the effects
of biofeedback-assisted relaxation therapy for university
graduate students has been researched, where the greatest
improvement was seen in the decrease of physical aches [§].

The discussion above shows that creating coherence in a
group is possible with the help of biofeedback techniques
and can bring many benefits. However, there are some side
notes to be made for the applicability of the mentioned
works for this research. Many of these results were only
achieved through extensive training [7, 8, 25, 29, 54]. Also
the subjects for these researches were often not in the age

range of high school and university students [10, 25, 27,
41, 54]. From this, it could be that the effectiveness differs
for high school and university students that do not receive
extensive training.

2.2 Biofeedback on Students

For the area of this research, it is important to know
whether biofeedback impacts people in the age range of
students differently.

Fortunately, students and adolescents were often part of
the subject group of biofeedback related researches. Of-
ten, these researches were focused on reducing stress [8,
41], creating emotional stability [7, 9, 34] and improving
cognitive skills [7, 29].

These same researches have shown to improve mindful-
ness [7, 8, 29], cognitive performance [29, 41], confidence
[8], collaboration [34], and general positive emotions [7,
29, 34]. They also showed biofeedback can help to ease
physical pains [8], and reduce anxiety [7, 9, 29, 41]. One
research even showed that collective training with HRV-
biofeedback was able to result in the heart coherence of a
class of high school students [7].

However, research on students is not limited to the at-
tempt of reducing the negative aspects of the busy stu-
dent life. Illuminated biofeedback on students has shown
to reduce the time in which a new skill can be learned [6],
and dance students trained with biofeedback showed im-
proved timing and technique [42]. Furthermore, biofeed-
back can improve the cognitive performance of adolescents
with autism [24], and can even reduce the feeling of guilt
while snacking [31].

These studies indicate that biofeedback is indeed also ef-
fective for people in the age range of adolescents and stu-
dents. However, they do not show whether there are dif-
ferences in the amount of training required, or the overall
effectiveness with respect to other age groups.

One study showed an age comparison on the effectiveness
of biofeedback training for reducing headaches [46]. The
results show that the improvement in children after the
training were twice as high as in adults. Also the increase
after the treatment was higher in children. However, the
author of [46] did leave some comments on these findings.
The effects could be explained by the fact that children are
more enthusiastic and less sceptic about the technology,
and that they stuck better to their training than adults.

This shows that biofeedback can be an effective treatment
for adolescents and students. From the researches it could
not be shown that adolescents and students require less
training or a different approach than adults.

2.3 Illuminated Feedback

It is also interesting to investigate whether the way in
which biofeedback is offered can cause different effects on
the person receiving it.

A small study shows the first reaction of people to differ-
ent kinds of biofeedback [52]. In this study, participants
indicated that vibrations were useful to alert the user for
sudden changes in emotion. Also the use of warmth to
sooth stressed users was considered useful by the partici-
pants. Another small study compared audio, visual, and
haptic means of delivering the biofeedback [12]. Most par-
ticipants were positive about sound feedback, since it was
easy to understand and mimic. The visual feedback was
considered helpful when wanting to understand the feel-
ings of others. Feedback in the form of vibration often led
to more stress, relating it to phone notifications.



In this study, the focus is narrowed to the use of illumi-
nated feedback. When comparing illuminated biofeedback
to other means of displaying biofeedback (e.g. vibration,
heat, dashboard app) it is unique in the sense that it does
not only deliver the feedback to the user itself, but also to
everyone surrounding this user. This makes illuminated
feedback suitable for means of extimacy.

This extimacy, however, is not always appreciated by the
user. Throughout different studies regarding illuminated
biofeedback, privacy is a recurring topic. Often, studies
had at least one participant mentioning extimacy as pri-
vacy concern [12; 52]. Some participants showed to be
against sharing their emotional state [12, 44, 52], while
others felt too ashamed to share their emotional state,
fearing it would give others the wrong impression [19, 44].
From these studies, around 30% of the participants had
issues regarding this topic.

Nonetheless, most of the participants of these studies men-
tioned sharing their emotional state through illuminated
feedback was something beneficial [12, 13, 44, 52]. Some
participants mentioned that they would like the concept
only if it is limited to displaying positive emotions [44, 52].
It also makes it easier to imitate emotions [12] and provide
support [13, 44].

The aforementioned results show that, although there is
some criticism regarding the publicity of the feedback,
most participants appreciated the shared feedback and ex-
perienced positive effects.

Still, research on illuminated biofeedback on its own is
rather limited. However, from the basic principles of illu-
minated feedback (colour, intensity, frequency of flicker)
there is enough evidence that proves the potential of this
technique.

Research on colour psychology shows that people react
emotionally and cognitively to visual imagery, called af-
fective visualization [4]. This affect is largely influenced
by the colours. Colour can carry information and can in-
fluence people’s affect, cognition and behaviour [11]. Peo-
ple also have similar ideas of how a specific affect can be
represented by colours [4]. This implies that a group of
people, exposed to a coloured light, will have similar emo-
tions associated to that light.

Light has also proven to be an effective mean for easing
various diseases. Light exposure therapy can be used to
ease different kinds of depressions, such as seasonal de-
pression [5, 14, 38|, bipolar depression [38] and chronic
depression [14, 38], but it can also help for something as
simple as improving mood [1, 2] and social interaction [2].

The benefits from these basic characteristics of light are
appealing when wanting to help individuals who are coping
with feelings of loneliness and stress. Illumination could be
the way to suppress these feelings in a way which becomes
almost unnoticeable.

Various ambient light systems are already being developed
for this purpose. Examples are DeLight [55] and Mood-
Light [49]. DeLight is a biofeedback lighting environment
that operates purely on lights. It measures the heart rate
variability of the user and adapts the colour of the lighting
system accordingly. DeLight illuminates the room, cover-
ing it in a sea of colour. It is proven effective for relaxation,
stress reduction, and increased self-awareness [55]. Mood-
Light is a system with similar characteristics, but measures
electrodermal activity for adapting the colour of the lights.
MoodLight has shown to improve self-awareness [49].

Other examples of biofeedback devices that operate purely

on illumination are BioCrystal [44] and GER Mood Sweater
[47]. BioCrystal is a small ambient biofeedback device that
measures the affective state of the user and communicates
it via a small ambient display. BioCrystal is designed as
a mood sharing device and is proven to improve mind-
fulness and interpersonal communication [44]. The GER
Mood Sweater is a wearable that measures users’ galvanic
skin response to display their excitement level. Research
on the effects of this wearable is still ongoing.

The discussion above shows that illuminated biofeedback
carries potential. The fact that colours and light have
proven to be effective for easing diseases like depression
makes it worthwhile to see what more is possible with
the help of illumination. Although the technique of illu-
minated biofeedback has not been researched to a great
extent yet, the results of the conducted researches look
promising. Most participants liked the idea of illumi-
nated feedback, provided that it displays positive emo-
tions. However, privacy issues are a concern and should
be taken seriously in the design.

2.4 Biofeedback Online

When wanting to help students during their online classes,
it is important to know whether the benefits which can
be realized with biofeedback can still be achieved over an
online connection.

As mentioned, there has been extensive research on the
existence of heart coherence and on how to achieve this.
However, these researches were mainly done in a physi-
cal setting. Only little is known about the effects when
participants meet in a non-physical environment, such as
during an online class.

Various biofeedback researches have explored the possibil-
ity of providing the feedback via digital means. Examples
of such applications are AffectAura [30], Pause [39], Inner
Balance [17] and emWave [16]. Each of these applications
have proven their success. AffectAura is a memory sys-
tem that logs the affect throughout the day. It helped the
users to reflect, and improved their memory [30]. Pause
is designed to increase happiness and showed to be effec-
tive [37]. Inner Balance and emWave are both products
of HeartMath [15] and proven to increase heart coherence
[10, 28, 33], and reduce anxiety [18] and stress [25]. This
shows that biofeedback offered via digital means is not by
definition less effective.

Furthermore, research on communication also supports
the idea of enhancing conversations through online means.
For example, the area of social robots proves that com-
municating with digital means is already possible. Addi-
tionally, there has been research on how to make digital
agents recognize emotions via camera and audio [40], thus
allowing biofeedback to be delivered without the need of
attaching the user to various sensing devices. Research
also shows that the most important factors for an engaged
conversation are attentiveness and enthusiasm [21]. Thus,
when a biofeedback system can enhance these aspects, the
connection of people online can be improved.

The BBC wrote an article about why online meetings drain
mental energy [23]: it becomes more difficult to see non-
verbal cues; the small delay makes it feel unnatural; and
the fact that you cannot look each other in the eyes also re-
quires more mental effort. Furthermore, being able to see
your own face makes many self-aware, naturally drawing
their attention to their own appearance [23].

This shows that meeting in a non-physical setting requires
more effort than meeting in person. Therefore, being able



to create more connection during an online meeting is es-
sential.

A few studies have researched the possibility of enhancing
people via an online connection. [22] researched the effects
of additional information on the self-reported affect of par-
ticipants during video viewing. It showed that a combina-
tion of heart rate biofeedback and chat functionality im-
proved the affect. Biofeedback alone did not result in a sig-
nificant change. [50] revealed that visual stress indicators
improved collaboration and reduced stress. [34] showed
that biofeedback driven video games enhanced positive
emotions, collaboration and team work.

Thus even over an online connection or via digital means,
it is possible to achieve the positive effects of biofeedback.
No research on the effectiveness of biofeedback technol-
ogy was found that compared digital and physical means.
However, there is enough evidence that supports the idea
of being able to connect people over a non-physical online
connection.

3. STUDENT SURVEY
3.1 Study Goal

The online survey was used to find answers to two differ-
ent questions. The first aims to discover what students
think of homebound schooling, how this affects them, and
whether they like or dislike homebound schooling more
than physical (traditional) education. The second ques-
tion aims to discover what students think of illuminated
feedback during online classes. The pure hypothetical case
description explained students what illuminated feedback
during their online classes could look like, and asked them
their opinion on this.

3.2 Method and Approach

For this research, a questionnaire has been distributed
amongst students across the globe. The questionnaire con-
sisted mostly of multiple choice questions, but some open
questions were included as well to collect extra insights.

The survey has been distributed by online means and con-
tained a total of 51 questions. Of these, 23 questions were
dedicated to get insights into the experiences of students,
and 21 were dedicated to illuminated feedback. A total
of 64 students responded to this survey. Two responses
were removed, since they indicated 'not applicable’ for ev-
ery closed question. A written consent has been provided
to the participants before the start of the survey. This
study has been approved by the Ethics Committee of the
University of Twente [51].

3.3 Results

The participants of this survey were aged between 17 and
35, with a mean of 23. The gender of the participants
was evenly spread. All respondents studied in the Nether-
lands. Of the respondents, two were high school students,
nine were University of Applied Sciences students, and the
other respondents were University students. Of the Uni-
versity students, 34% was international, with nationalities
from Belgium, Germany, French, Greece, Hungary, India,
Lithuania, and Poland. Around 10% already had experi-
ence with homebound education.

When asked about their personal experiences regarding
homebound schooling, 50% indicated they prefer physical
education over homebound schooling, and 55% wanted to
return to physical education, while 28% preferred home-
bound education, and 19% wanted to retain it.

Regarding the first research goal for this survey, the stu-
dents responded well on the questions asked. In general,
students indicated they had more time off during home-
bound schooling (64%), and more time available to work
on gaining new skills (60%). However, there is a split be-
tween students who can arrange their work better during
homebound schooling, and who cannot. Also, the ma-
jority of the students indicate that they cannot work as
efficiently from home (60%). When asked their opinion
on the benefits of homebound schooling, students mostly
indicated that it saves travel overhead, they experience
more time off, and are more flexible on scheduling their
daily activities. When asked their opinion on what they
do not like, they mostly indicated the lack of social con-
tact, various technical defects, online proctoring, contact
issues, lack of concentration, lack of a dedicated working
environment, lack of structure, loss of practical education,
and that they generally need more self-discipline to get to
work.

Regarding the feelings that students experienced during
homebound schooling, most participants indicated they
felt more lonely (66%), less energetic (61%), exercised less
(50%), procrastinated more (61%) and had less contact
with their friends (69%). On the aspects regarding level
of stress, happiness, difficulty of the homework and the
situation at home, feelings varied. In general students did
not experience additional feelings of depression (84%), or
worse quality of sleep (81%). Nevertheless, having 15%
of students indicating additional feelings of depression is
alarming. That is, since the World Health Organisation
(WHO) recently published information stating that a lit-
tle less than 3,5% of the world population suffers from
depression [53]. Although students generally suffer most
from depressions, this increase should not be ignored.

Regarding the second research goal of this survey, the stu-
dents gave clear insights in how their homebound educa-
tion looks like. Students received up to twenty hours per
week of live video lectures (mean 5), including six who did
not receive any. Most students indicated they are rarely
visible during online lectures (82%), neither are they often
requested to speak (76%). The chat functionality is used
more often, but generally also not more than half of the
time (66%).

When asked on their experiences regarding live video lec-
tures, students indicated that they generally do not feel
comfortable being visible during online lectures (71%), or
when having to speak (61%). From the students, 60%
indicated that they feel more comfortable answering ques-
tions of the teacher in a physical setting, while only 13%
preferred online. Regarding live lectures, students indi-
cated that they like the chat option. Some indicated that
it lowers the threshold to respond or ask questions. They
also indicated that students are often only visible when
smaller groups are lectured.

Regarding the illuminated feedback technique, students
generally indicated that the technique sounds intriguing
(55%). Opinions were divided on whether receiving feed-
back about the own emotional state and that of the peers
would be useful, and also about the potential of the sys-
tem, in terms of creating more coherence and fun. Nev-
ertheless, students are generally positive about the tech-
nique and indicated they could get used to it (50%). How-
ever, students also indicated that they would be uncom-
fortable sharing their emotional state with fellow peers or
the teacher (61%), and feel the system requires training
(68%). Some are also afraid that fellow peers would make
fun of their emotional state (39%). When given the option



to get feedback on the emotional state of the whole class,
students generally preferred this over individual feedback

(56%).

3.4 Conclusion

The aim of this questionnaire was twofold. It tried to find
answers to how students are coping during homebound
schooling, and it introduced the technique of illuminated
biofeedback to ask their opinion on this.

Regarding the first research goal, it was shown that stu-
dents still prefer physical education over homebound ed-
ucation. Although students experienced benefits relating
homebound schooling, more disadvantages were brought
up. The main issues mentioned, were the lack of social
contacts and the need of additional self-discipline.

The emotional condition of most students also deterio-
rated since the start of homebound schooling: they felt
more lonely, less energetic, and procrastinated more. There
is no notable increase in feelings of depression or sleep de-
privation.

It can thus be stated that there is indeed a need to create
more coherence during online classes. Students long to
more social connection and illuminated feedback could be
the way to provide this.

Regarding the second research goal, it was shown that stu-
dents are generally not visible during live video lectures.
Only when a small group is lectured, students are gen-
erally visible. Students received up to twenty hours per
week of live lecture, with an average of five. Generally,
students are uncomfortable when being visible, or having
to speak during such lectures, and feel more comfortable
answering questions in a physical lecture than online. The
chat option is generally liked, and students indicated it
lowered the threshold to answer or ask questions.

When introducing the technique to the students, opinions
were divided. Generally students were positive, but it also
received some critical notes. It was doubted whether re-
ceiving feedback would actually be useful. Although it was
indicated they could get used to the system, they would
also feel uncomfortable sharing their emotional state. Pri-
vacy seemed to be a concern for a number of participants.
A system that would deliver group level feedback was pre-
ferred by most.

From this, it can be concluded that the technology is not
received with open arms. Students are fearful about their
privacy and are concerned the technology would do more
harm than good. They also seem to be sceptic about the
effects which the technology can bring. Nevertheless, most
students are positive and would use the technology. Al-
though most students do not have more than four hours of
live lectures per week, the technology could still support
students during those lectures.

4. USER STUDY
4.1 Study Goal

In order to verify whether biofeedback can indeed result in
group coherency over an online connection, an exploratory
user study was set up. From the heart rate data collected
during this study, it should show whether a certain type of
feedback is able to create more coherence into the group,
by synchronizing the heart rates. A survey afterwards was
used to see whether the participants felt a higher sense of
coherence using the technology. This study was also used
as a design research, to find out what users think of the
design and how the technology could be improved.
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Figure 2. Colours of the excitement level display
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4.2 Participants

In total ten healthy subjects between 21 and 55 years old
participated. None of the subjects within a group were
related. Of the participants, 3 were female and the oth-
ers were male. Participants were either Dutch, Canadian
or Romanian. No participants were removed from the re-
search, but one had to drop out due to technical issues.
The participants were informed on the purpose of this re-
search beforehand and their participation was voluntarily.
This study has been approved by the Ethics Committee
of the University of Twente. All participants provided in-
formed consent prior to the experiment.

4.3 Materials

For this study, an Android application was developed to
enable the use of illuminated biofeedback over an online
connection. This application is based on the app devel-
oped by Jaiswal [20]. It uses the flashlight and camera of
the phone to measure the heart rate from the finger.

Depending on the selected activity, the application dis-
plays one of the following types of illuminated biofeed-
back: true biofeedback, group biofeedback, or no biofeed-
back. With ’true biofeedback’ the heart rate of the user
is mapped to a colour that displays the current excite-
ment level of the user. The colours used are shown in
figure 2, as also used in researches by Sensoree [47]. With
‘group biofeedback’ the heart rates of the users are com-
bined and the average is used to display the excitement
level. Each screen is updated on the excitement level of
the group approximately every ten seconds, again using
the colour scheme in figure 2. With ’no feedback’, the ap-
plication was merely used as a tool to measure the heart
rates. The screen displayed orange throughout the whole
session. This type was used for defining the baseline of
each group. The colour scheme and associated emotional
states as shown in figure 2 was chosen, since the appli-
cation would then only display neutral emotions. This
is done in order to prevent judgements within the group,
which could prevent a feeling of coherence.

4.4 Method and Approach

In this study, the technique of illuminated biofeedback has
been tested on three groups. From this study, heart rate
data was collected to check for synchronization. A short
group interview and questionnaire at the end of each work-
shop was used to check for increased experience of coher-
ence due to the illuminated feedback.

The research was conducted online using Skype. Each par-
ticipant participated from their own home in a room where
they would not be disturbed. The participants were asked
to install and test the application before the start of the
workshop, with the help of a manual. During each session,
the participants followed three 15-minute long mindfulness
workshops. During each of these workshops, participants
used one of the three illuminated biofeedback modes. Each
session used them in a different order. The participants
were asked to keep their finger on their smartphone cam-
era throughout the entire session. Each round consisted
of breathing exercises, movement imitation and emotion
simulation. Participants were asked to fill in a short ques-



tionnaire about their emotional state after each block of
exercises. During this session, the participants were mon-
itored on their behaviour towards the application.

After the workshop, the participants were asked on their
opinion with a short group interview. An online ques-
tionnaire was also spread to collect more insights. This
survey consisted of fifteen closed questions and four open
questions.

4.5 Results

In order to analyse to what extent the illuminated biofeed-
back technique influenced the coherence in the group, two
measures can be used. The first is the perception of co-
herence in the group. The second is the actual coherence
of the heart rates.

The perception of the participants was positive. They
were enthusiastic and cooperated well during the work-
shop. When asked their opinion after the workshop, the
participants were positive about the workshop and the
general idea of the technology. One participant mentioned
watching the colours often:

“With the breathing session I thought I had
to watch my colours change, so maybe I was
thinking too much during breathing. I wanted
to see whether I could influence the colour be-
cause of my difference in breathing, so that
might have affected the outcome a little bit.”

Participants generally liked the group feedback, and found
it fun to see how the colours synchronized with each other.
One participant mentioned this helped feeling part of a
group. However, participants also mentioned it was rather
difficult to see the actual colour on the screens of other par-
ticipants, since the colours got slightly distorted via Skype.
Some also mentioned they found it difficult to focus on the
different screens and on the exercises of the workshop both
at the same time. Participants also indicated that holding
the phone was challenging, and the flashlight tended to
get hot. It was indicated that a system that would display
the feedback directly on the monitor would be clearer.

From the questionnaire distributed after the workshop,
participants indicated they liked the app. They under-
stood the colours of the application, often saw their own
screen change colour, and noticed the screens of others
a little less. They indicated they felt comfortable in the
group and generally did not feel exposed using the app.
For most participants, the application increased the sense
of belonging in a group. They also saw its potential for
use in classrooms and indicated that the technology could
make a group feel closer together, and it could be espe-
cially useful for teachers. Students would also get the op-
portunity to help each other when receiving feedback. One

participant mentioned privacy as a concern in such a sit-
uation.

When asked to rank the feedback types, the group feed-
back was favoured the most, followed by true feedback,
and finally no feedback. Almost half of the participants
indicated that group feedback increased their sense of co-
herence in the group, and a third indicated increased sense
of coherence for true feedback. With no feedback, one par-
ticipant indicated a decreased sense of coherence.

From the heart rate data gathered during the workshop,
no coherence could be found. Figure 3 shows one of the
data plots. This graph displays the heart rates that oc-
curred during the first workshop while having the group
feedback mode enabled. Each line in the graph displays
the heart rate data of one participant. The time on the
horizontal axis is measured from the moment that the
first participant logged into the specified mode. The er-
ror margins are determined by running the application on
a phone, and comparing the readings with those from a
smart watch. Due to issues during the third workshop,
data from that workshop could not be used for analysis.
Although the data of the other two sessions show some
patterns that could indicate coherence, these are too lim-
ited to rule out influence of the exercises of the workshop
or pure chance. From figure 3 a moment of heart rate syn-
chronization can be seen just after minute 6. This coherent
drop occurred during the emotion stimulation exercise of
the workshop. However, whether this moment of synchro-
nization was caused by the illuminated feedback cannot
be proven. Synchronization of the heart rates could thus
not be proven.

4.6 Conclusion

The aim of this study was to show whether group coher-
ence could be achieved over an online connection, with
the help of biofeedback technology. From the heart rate
data gathered during the research, the occurrence of co-
herence could not be proven. However, the experience of
the participants gave a positive result.

Participants generally liked the technology and could see
its potential. They liked to see their colours change, and
those of the other participants. When using the true feed-
back mode, participants indicated a small increase in co-
herence. Using the group feedback mode, more partici-
pants indicated an increased sense of coherence. Without
any feedback, one participant sensed a drop in coherence.
When asked their favorite display mode, group feedback
was preferred.

Although it could not be proven that the technology is
able to create a true state of coherence, some participants
did sense increased coherence while using the technology.
The research shows that the technique of illuminated feed-
back is able make the participants more involved and more

Heart rate plot of Group Feedback workshop 1
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Figure 3. Plot of the heart rate data gathered during workshop 1 with the group feedback mode



aware of their own state and that of those around them.
As mentioned in [21], the two most important factors for
an engaged conversation are attentiveness and enthusiasm.
When the illuminated feedback technique enhances these
factors during conversations, users could already feel more
physically together.

S. DISCUSSION

This paper introduced a technique that could bring en-
lightenment to students during homebound schooling. It
focused on the application of illuminated biofeedback for
students via online means.

In order to provide biofeedback to a group of people, a
means was chosen which could provide the feedback to
an entire group at once: illumination. Besides the ease of
sharing, illumination can also make use of different colours.
Colour has been proven to influence people’s affect, cog-
nition and behaviour. Combining these effects with the
benefits of biofeedback could provide strong influence, in
a subtle manner.

Biofeedback in general has proven to be effective for im-
proving mood, reducing anxiety, increasing self-awareness
and enhancing the sense of coherence in a group. HRV-
biofeedback training has even resulted in a state of heart
coherence for a group of students. Additionally, biofeed-
back research on students has been extensive, thus it can
be concluded that the effectiveness of the technology is
similar for this age group. Also for applying the technique
online, studies have shown that several benefits can be
reached. However, it should be mentioned that research
on this area is still limited.

From the literature review in this study, it can be con-
cluded that there is good evidence that applying illumi-
nated biofeedback during online lectures can help sooth
stressed students, and make students feel more coherent.

The questionnaire distributed in this research confirmed
that students generally feel more lonely during homebound
schooling and struggle with the need of additional self-
discipline. When introducing illuminated biofeedback to
the students, most found it intriguing and could get used
to it. However, students also indicated they would feel un-
comfortable sharing their emotional state. Again privacy
was mentioned as an issue. Students also indicated they
would prefer group level feedback over individual feedback.
Perhaps a system that would combine both techniques of
group feedback and true feedback could be designed, where
the true feedback is private to that student, and the group
feedback can be shared.

The exploratory user study has shown that the use of il-
luminated biofeedback can increase the sense of coherence
in a group. Again, group feedback was favoured and re-
sulted in the highest increased sense of coherence. From
the heart rate data gathered it could not be proven that
actual coherence occurred. Participants were generally
positive about the technique, provided that no additional
equipment would be needed for measurement. This could
be solved by using facial expression recognition software.

6. CONCLUSION

The aim of this paper was to investigate whether the use
of illuminated biofeedback in an online classroom would
help the students, or hinder them.

From the existing literature it can be concluded that illu-
minated biofeedback has potential and would be of help
during online classes. By increasing the sense of coher-

ence in online classrooms and soothing stressed students,
the technology can provide support during lectures in an
unobtrusive manner.

However, from the several user studies conducted - and
from the questionnaire and exploratory study in this re-
search - the answer seemed not to be that simple. Subjects
often indicated to feel uncomfortable sharing their emo-
tional state, and mentioned concerns regarding privacy. If
such a system would thus be deployed in a classroom, this
sense of exposure has to be resolved.

This, again, does not imply that the technology could bet-
ter not be deployed. Since the mental health of many stu-
dents is deteriorating during homebound schooling, not
deploying a supporting technology could result in the men-
tal suffering of many students.

Developing a technology that could both deliver the bene-
fits of biofeedback and meet the students who would oth-
erwise feel exposed requires additional research. Although
homebound schooling seems to be something temporary in
the current COVID-19 outbreak, a more prominent step
towards online education will inevitably be taken in the
future. Therefore it is of importance that this technology
will be ready to assist.

7. LIMITATIONS

This research was set up as an exploration of the field of il-
luminated biofeedback online. Although intriguing results
were obtained from the studies, both the survey results,
as the user study have their limitations.

For the survey, the sample size was too small to create
statistical significance. Furthermore, the population con-
sisted fully of students from The Netherlands, thus the
results cannot be generalized for students in other coun-
tries. Finally, it is estimated that around a quarter of the
respondents are students from the University of Twente,
which might also limit the generalization.

Regarding the user study, statistical significance could also
not be reached, due to its small-scale exploratory nature.
Due to a lack of available subjects, participants were not
all students. Also, the study had more male participants
than female participants, and the different ethnic back-
grounds could be of influence on the communication and
feeling of coherence in the group, also since English was
not the first language of most participants. Although the
background of the participants varied, it is not certain to
what extent these results can be generalized.

Furthermore, the accuracy of the developed application
is error sensitive. It could be that the accuracy of the
readings varies across devices, or that erroneous readings
occurred when users moved their finger too much. An-
other problem encountered during the study, is that the
participants found it rather difficult to show their screen
properly, while having to hold their finger on the cam-
era. This could have influenced the emotional state of the
participants. The colours from the phone screens also got
distorted when visible on Skype. This created some diffi-
culties with interpreting these colours. Finally, there were
some complications during the second and third workshop.
Due to time constraints, the second workshop only con-
sisted of breathing exercises. For the third workshop, one
participant had to drop out and another failed to use the
app according to the instructions given. The latter was
not known until after the workshop.

Additionally, a very specific set of colours was chosen. The
exact effects of these colours is not known, thus the re-



sults could have differed with the use of another colour
palette. Also, since the participants had different ethnic
backgrounds, these colours could have had varying effects
on each participant [4].

8. FUTURE RESEARCH

Based on the results from this study, several directions for
future research can be identified. The main direction is to
see whether true coherence can be achieved over an online
connection. Although this research showed an increased
sense of coherence, it could not prove the presence of heart
rate synchronisation. For this, several factors from the ex-
ploratory user study as presented in this paper should be
improved. First, the technique should be tested on slightly
larger groups, so that patterns in the heart rate data can
be more easily detected. Second, the measuring device
used should be easier to handle, in order to minimize dis-
traction from handling the device. This could, for exam-
ple, be done with facial expression recognition software.
Also technologies that can measure actual heart coherence
could be used to gain additional insights. Third, all sub-
jects should be students. Also the activity content of the
research could be changed, since this might have influenced
the sense of coherence in the group as well. Furthermore,
multiple sessions could be run with the same group, to see
whether coherence will increase over time, or whether the
subjects will react differently to the technology over time.

Other researches related to this study can be identified
as well. One is to verify whether online group coherence
can be achieved without the need of extensive training.
Many of the researches conducted related to heart coher-
ence were only able to achieve this state with the help of
several hours of training [7, 8, 25, 29, 54]. When train-
ing is indeed required, the deployment of the technique in
online classrooms requires some attention, perhaps in the
form of an introduction lecture. Since it was also found in
this research that many students would feel exposed while
using the technique, it might be necessary to always have
an introduction lecture, where students are introduced to
the technique and the benefits it can bring. Researching
the effects of receiving such information is thus also of im-
portance. Another related area that can be researched is
to see what other forms of biofeedback can be used during
online classes. Perhaps these other forms require less train-
ing than illumination, or will be more effective. Also the
colour palette used with the illuminated feedback could be
of influence. Running multiple user studies with different
colour schemes could show a difference in effectiveness.

The questionnaire in this research also showed that many
students are sceptic about the use of illuminated biofeed-
back. Additional research should be conducted on the ef-
fects that scepticism can have on the coherence in a class-
room. These students might badly influence the ambiance
and reduce the effectiveness of the system. Additionally,
it should be researched what would be the best way to
educate students about this technology, so that the sense
of scepticism fades.

9. REFERENCES

[1] M. aan het Rot, K. Miloserdov, A. L. Buijze,

Y. Meesters, and M. C. Gordijn. Premenstrual mood
and empathy after a single light therapy session.
Psychiatry Research, 256:212-218, 2017.

[2] M. aan het Rot, D. S. Moskowitz, and S. N. Young.
Exposure to bright light is associated with positive
social interaction and good mood over short time
periods: A naturalistic study in mildly seasonal

[10]

[11]

[14]

[15]

[16]

people. Journal of Psychiatric Research,
42(4):311-319, 2008.

F. J. d. O. Aratjo, L. S. A. de Lima, P. I. M.
Cidade, C. B. Nobre, and M. L. R. Neto. Impact Of
Sars-Cov-2 And Its Reverberation In Global Higher
Education And Mental Health, jun 2020.

L. Bartram, A. Patra, and M. Stone. Affective color
in visualization. Conference on Human Factors in
Computing Systems - Proceedings,
2017-May:1364-1374, 2017.

M. S. Bauer, J. W. Kurtz, L. B. Rubin, and J. G.
Marcus. Mood and behavioral effects of four-week
light treatment in winter depressives and controls.
Journal of Psychiatric Research, 28(2):135-145,
1994.

G. Bernal, D. Ahuja, and F. Casalegno. EMG-based
biofeedback tool for augmenting manual fabrication
and improved exchange of empirical knowledge. In
ACM International Conference Proceeding Series,
volume 07-09-Sept, 2015.

R. T. Bradley, R. McCraty, M. Atkinson,

D. Tomasino, A. Daugherty, and L. Arguelles.
Emotion self-regulation, psychophysiological
coherence, and test anxiety: Results from an
experiment using electrophysiological measures.
Applied Psychophysiology Biofeedback,
35(4):261-283, 2010.

C. Chandler, E. Bodenhamer-Davis, J. M. Holden,
T. Evenson, and S. Bratton. Enhancing personal
wellness in counselor trainees using biofeedback: An
exploratory study. Applied Psychophysiology
Biofeedback, 26(1):1-7, 2001.

J. Costa, A. T. Adams, M. F. Jung, F. Guimbetiere,
and T. Choudhury. EmotionCheck: Leveraging
bodily signals and false feedback to regulate our
emotions. UbiComp 2016 - Proceedings of the 2016
ACM International Joint Conference on Pervasive
and Ubiquitous Computing, pages 758-769, 2016.

S. D. Edwards. Ubuntu HeartMath programme
efficacy for social coherence and work spirit:
Preliminary evidence. Journal of Psychology in
Africa, 28(5):420-425, oct 2018.

A. J. Elliot and M. A. Maier. Color Psychology:
Effects of Perceiving Color on Psychological
Functioning in Humans. Annual Review of
Psychology, 65(1):95-120, 2014.

J. Frey, M. Grabli, R. Slyper, and J. R. Cauchard.
Breeze: Sharing biofeedback through wearable
technologies. Conference on Human Factors in
Computing Systems - Proceedings, 2018-April, 2018.
R. Gervais, J. Frey, A. Gay, F. Lotte, and

M. Hachet. TOBE : Tangible Out-of-Body
Experience. TEI 2017 - Proceedings of the 11th
International Conference on Tangible, Embedded,
and Embodied Interaction, pages 227-235, 2016.

R. N. Golden, B. N. Gaynes, R. D. Ekstrom, R. M.
Hamer, F. M. Jacobsen, T. Suppes, K. L. Wisner,
and C. B. Nemeroff. The efficacy of light therapy in
the treatment of mood disorders: A review and
meta-analysis of the evidence, 2005.

HeartMath Benelux. Heartmath Benelux, 2019.
https://www.heartmathbenelux.com/, last accessed
on 01/05/2020.

HeartMath Benelux. Heartmath Benelux - emWave
® Pro Plus, 2020. https://www.heartmathbenelux.
com/store/product{_}page.php?lang=nl{&}id=
166{&}product=150, last accessed on 25/05/2020.


https://www.heartmathbenelux.com/
https://www.heartmathbenelux.com/store/product {_}page.php?lang=nl{&}id=166{&}product=150
https://www.heartmathbenelux.com/store/product {_}page.php?lang=nl{&}id=166{&}product=150
https://www.heartmathbenelux.com/store/product {_}page.php?lang=nl{&}id=166{&}product=150

[17] HeartMath Benelux. Heartmath Benelux - Inner
Balance™ Trainer, 2020. https://www.
heartmathbenelux.com/store/product{_}page.
php?lang=nl{&}id=156{&}product=161, last
accessed on 25/05/2020.

[18] G. Henriques, S. Keffer, C. Abrahamson, and S. J.
Horst. Exploring the effectiveness of a
computer-based heart rate variability biofeedback
program in reducing anxiety in college students.
Applied Psychophysiology Biofeedback,
36(2):101-112, 2011.

[19] N. Howell, L. Devendorf, R. Tian, T. V. Galvez,

N. W. Gong, 1. Poupyrev, E. Paulos, and K. Ryokai.
Biosignals as social cues: Ambiguity and emotional
interpretation in social displays of skin conductance.
DIS 2016 - Proceedings of the 2016 ACM
Conference on Designing Interactive Systems: Fuse,
pages 865-870, 2016.

[20] S. Jaiswal, V. Daiya, and G. Dharod. GitHub -
shivaneej/HeartRate: An Android App used to
monitor heart rate using device camera and
flashlight, 2019.
https://github.com/shivaneej/HeartRate, last
accessed on 09/05/2020.

[21] N. Jaques, Y. L. Kim, and R. Picard. Personality,
attitudes, and bonding in conversations. In Lecture
Notes in Computer Science (including subseries
Lecture Notes in Artificial Intelligence and Lecture
Notes in Bioinformatics), volume 10011 LNAI, pages
378-382, Cambridge, sep 2016. Affective Computing.

[22] S. Jarveld, J. Kitsyri, N. Ravaja, G. Chanel, and
P. Henttonen. Intragroup Emotions: Physiological
Linkage and Social Presence. Frontiers in
Psychology, 7(February):1-11, 2016.

[23] M. Jiang. The reason Zoom calls drain your energy,
apr 2020. https://www.bbc.com/worklife/article/

20200421-why-zoom-video-chats-are-so-exhausting,

last accessed on 01/05/2020.

[24] M. E. Kouijzer, H. T. Van Schie, B. J. Gerrits, J. K.
Buitelaar, and J. M. De Moor. Is EEG-biofeedback
an effective treatment in autism spectrum disorders?
A randomized controlled trial. Applied
Psychophysiology Biofeedback, 38(1):17-28, 2013.

[25] J. B. Lemaire, J. E. Wallace, A. M. Lewin,

J. de Grood, and J. P. Schaefer. The effect of a
biofeedback-based stress management tool on
physician stress: A randomized controlled clinical
trial. Open Medicine, 5(4):154-165, 2011.

[26] F. Liu, L. Dabbish, and G. Kaufman. Supporting
Social Interactions with an Expressive Heart Rate
Sharing Application. Proceedings of the ACM on
Interactive, Mobile, Wearable and Ubiquitous
Technologies, 1(3):1-26, 2017.

[27] M. D. Lynch. A mixed method analysis of an early
intervention program for students with behavioural
and concentration difficulties in two schools in
malmo, sweden. PQDT - UK & Ireland,
D.S.W.(January):1-174, jan 2015.

[28] R. McCraty. New Frontiers in Heart Rate Variability
and Social Coherence Research: Techniques,
Technologies, and Implications for Improving Group
Dynamics and Outcomes. Frontiers in Public Health,
5:267, oct 2017.

[29] R. Mccraty, D. Tomasino, M. Atkinson, P. Aasen,
and S. J. Thurik. Improving Test-Taking Skills and
Academic Performance in High School Students
Using HeartMath Learning Enhancement Tools,

[30]

[45]

2000.

D. Mcduff, A. Karlson, A. Kapoor, A. Roseway, and
M. Czerwinski. AffectAura: An Intelligent System
for Emotional Memory. In CHI ’12: Proceedings of
the SIGCHI Conference on Human Factors in
Computing Systems, pages 849-858, 2012.

A. Meule, R. Freund, A. K. Skirde, C. Vigele, and
A. Kiibler. Heart rate variability biofeedback
reduces food cravings in high food cravers. Applied
Psychophysiology Biofeedback, 37(4):241-251, 2012.
S. Moran, N. Jager, H. Schnédelbach, and

K. Glover. ExoPranayama: a biofeedback-driven
actuated environment for supporting yoga breathing
practices. Personal and Ubiquitous Computing,
20(2):261-275, 2016.

S. M. Morris. Achieving Collective Coherence:
Group Effects on Heart Rate Variability Coherence
and Heart Rhythm Synchronization. Alternative
Therapies, 16(4):62-72, 2010.

J. E. Munoz, A. Gongalves, T. Vieira, D. Crd,

Y. Chisik, and S. BermudezBadia. Space connection
- A multiplayer collaborative biofeedback game to
promote empathy in teenagers: A feasibility study.
In PhyCS 2016 - Proceedings of the 3rd International
Conference on Physiological Computing Systems,
number PhyCS, pages 88-97, Lisbon, 2016.

K. Neidlinger, C. Willson, and K. P. Truong.
EXTIMACY MOOD GYM INSTALLATION.
Technical report, Sensoree, 2017.

Y. Nestoriuc and A. Martin. Efficacy of biofeedback
for migraine: A meta-analysis. Pain,
128(1-2):111-127, 2007.

K. S. Niksirat, C. Silpasuwanchai, M. M. H. Ahmed,
P. Cheng, and X. Ren. A framework for interactive
mindfulness meditation using attention-regulation
process. Conference on Human Factors in
Computing Systems - Proceedings,
2017-May:2672—-2684, 2017.

G. Pail, W. Huf, E. Pjrek, D. Winkler, M. Willeit,
N. Praschak-Rieder, and S. Kasper. Bright-light
therapy in the treatment of mood disorders, 2011.
Pause. Pause | Mindful movement for a happier you,
2020. https://wuw.pauseable.com/, last accessed
on 25/05/2020.

R. Picard. Towards Agents that Recognize
Emotions. Technical report, Cambridge, 2000.

G. E. Prinsloo, H. G. Rauch, M. Lambert,

F. Muench, T. Noakes, and W. Derman. The effect
of short duration heart rate variability (HRV)
biofeedback on cognitive stress. Applied Cognitive
Psychology, 25(5):792-801, 2011.

J. Raymond, I. Sajid, L. A. Parkinson, and J. H.
Gruzelier. Biofeedback and dance performance: A
preliminary investigation. Applied Psychophysiology
Biofeedback, 30(1):65-73, 2005.

R. Reiner. Integrating a portable biofeedback device
into clinical practice for patients with anxiety
disorders: Results of a pilot study. Applied
Psychophysiology Biofeedback, 33(1):55-61, 2008.

A. Roseway, Y. Lutchyn, P. Johns, E. Mynatt, and
M. Czerwinski. BioCrystal: An ambient tool for
emotion and communication. International Journal
of Mobile Human Computer Interaction, 7(3):20-41,
2015.

D. Rozman, R. McCraty, and J. Goelitz. The role of
the heart in learning and intelligence. Institute of
HeartMath, pages 1-12, 1998.


https://www.heartmathbenelux.com/store/product {_}page.php?lang=nl{&}id=156{&}product=161
https://www.heartmathbenelux.com/store/product {_}page.php?lang=nl{&}id=156{&}product=161
https://www.heartmathbenelux.com/store/product {_}page.php?lang=nl{&}id=156{&}product=161
https://github.com/shivaneej/HeartRate
https://www.bbc.com/worklife/article/20200421-why-zoom-video-chats-are-so-exhausting
https://www.bbc.com/worklife/article/20200421-why-zoom-video-chats-are-so-exhausting
https://www.pauseable.com/

[46]

E. P. Sarafino and P. Goehring. Age comparisons in
acquiring biofeedback control and success in
reducing headache pain. Annals of Behavioral
Medicine, 22(1):10-16, 2000.

Sensoree. GER Mood Sweater, 2017. https:
//sensoree.com/artifacts/ger-mood-sweater/,
last accessed on 30/04,/2020.

Sensoree. Sensoree | Extimacy, 2019.
https://www.sensoree.com/, last accessed on
30/04/2020.

J. Snyder, M. Matthews, J. Chien, P. F. Chang,

E. Sun, S. Abdullah, and G. Gay. MoodLight:
Exploring personal and social implications of
ambient display of biosensor data. CSCW 2015 -
Proceedings of the 2015 ACM International
Conference on Computer-Supported Cooperative
Work and Social Computing, pages 143—153, 2015.
C. S. S. Tan, J. Schéning, K. Luyten, and

K. Coninx. Investigating the effects of using
biofeedback as visual stress indicator during
video-mediated collaboration. Conference on Human
Factors in Computing Systems - Proceedings, pages
71-80, 2014.

10

[51]

University of Twente. Research | Ethics Committee |
Faculty of Electrical Engineering, Mathematics and
Computer Science (EEMCS), apr 2020. https:
//wuw.utwente.nl/en/eemcs/research/ethics/,
last accessed on 15/05/2020.

M. A. Williams, A. Roseway, C. O’Dowd,

M. Czerwinski, and M. R. Morris. SWARM: An
actuated wearable for mediating affect. TEI 2015 -
Proceedings of the 9th International Conference on
Tangible, Embedded, and Embodied Interaction,
pages 293-300, 2015.

World Health Organization. WHO - Depression, jan
2020. https://www.who.int/news-room/
fact-sheets/detail/depression, last accessed on
27/06,/2020.

T. Yardley-jones and P. K. Wesnes. Cardiac
Coherence, Cognitive Function and Enhancing
Safety Performance using the HeartMath ® System,
2006.

B. Yu, J. Hu, M. Funk, and L. Feijs. DeLight:
biofeedback through ambient light for stress
intervention and relaxation assistance. Personal and
Ubiquitous Computing, 22(4):787-805, 2018.


https://sensoree.com/artifacts/ger-mood-sweater/
https://sensoree.com/artifacts/ger-mood-sweater/
https://www.sensoree.com/
https://www.utwente.nl/en/eemcs/research/ethics/
https://www.utwente.nl/en/eemcs/research/ethics/
https://www.who.int/news-room/fact-sheets/detail/depression
https://www.who.int/news-room/fact-sheets/detail/depression

	Introduction
	Related Work
	Social Coherence
	Biofeedback on Students
	Illuminated Feedback
	Biofeedback Online

	Student Survey
	Study Goal
	Method and Approach
	Results
	Conclusion

	User study
	Study Goal
	Participants
	Materials
	Method and Approach
	Results
	Conclusion

	Discussion
	Conclusion
	Limitations
	Future Research
	References

