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Abstract. To promote the face-to-face communication reduced by COVID19, we proposed and implemented a context-aware Slack chatbot based
on Cyber-Physical sensing that helps colleagues meet more often in the
same place. Our system periodically collects the user’s internal context
through Slack (cyber sensing) and uses small BLE beacons distributed to
colleagues and beacon scanners installed in a laboratory to sense physical
attendance (physical sensing). In addition, the system notifies the user
of recommended actions, such as lunch or coffee break, depending on
the context determined by the Cyber-Physical sensors. We deployed the
proposed system in a laboratory environment and conducted an initial
experiment for six weeks. Experimental results confirmed that our system can encourage serendipitous face-to-face communication during periods when the frequency of attending school and going to work dropped
due to COVID-19. It was also found that in an environment such as a
laboratory, where a certain level of trust has already been established,
the openness of the collected information can further motivate users to
participate in the system.
Keywords: Behavior Change Support System · Chatbot · Collaboration
· Cyber-Physical sensing · Serendipitous communication.
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Introduction

Due to the COVID-19 pandemic, the way people work and communicate is
rapidly shifting from offline to online. The increase in the number of classes
and meetings held using online tools, is causing a decrease in the opportunities for face-to-face communication in laboratories and workplaces. Is this continuous shift to exclusively online communication well-advised? Group Genius
research has shown that enhanced face-to-face communication within an organization contributes to the overall knowledge of the organization [15]. It has also
been shown that face-to-face communication has an impact on organizational
decision-making [1], and that face-to-face communication and serendipitous encounters play a central role in building new collaborative partnerships within
organizations. [4].
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We consider the following three factors responsible for the decrease in serendipitous face-to-face communication and camaraderie in workplaces such as laboratories during the COVID-19 pandemic.
First, the number of people who choose face-to-face communication, such as
going to the laboratory, is decreasing due to the use of increasingly sophisticated
online communication tools. This is further exacerbated by the fact that people
who do physically come to the workplace now come at different times, reducing
the probability of face-to-face meetings in the workspace (Factor 1). Second,
even if they are in the same location, it is difficult for people to gauge each
other’s internal state due to social distancing restrictions. (Factor 2). Third,
because they could no longer grasp each other’s internal state, the hurdles to
suggesting an action increased, and the opportunity to take action together
decreased (Factor 3). This study aims to mitigate these factors with the proposed
system and to promote people’s serendipitous face-to-face communication and
thus improve workplace relations. In this study, we propose a context-aware Slack
chatbot to facilitate and increase face-to-face communication, which has been
reduced by COVID-19, by encouraging people to meet in person at a certain
location. The novelty of this system is its ability to sense the user’s context
using Cyber-Physical sensing, effectively change people’s behavior, and deliver
context-sensitive message notifications.
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Related work

The online and offline communication networks in an employee’s workplace interact with and complement each other, and it is important to maintain a balance
between the two [17]. Pollmann’s study [13] showed that the more participants
communicated face-to-face with their partners, the more they understood each
other and the more satisfied they were with their relationships. In contrast, text
messages did not predict relationship satisfaction. This indicates that face-to-face
communication may have a positive impact on trust and relationships, and that
a decrease in face-to-face communication also affects workplace performance. It
has also been found that people’s positive mood lasts longer in events that occur
under uncertain conditions, such as contingent communication, which is more
likely to occur during face-to-face communication [16].
A significant number of notifications can cause users to be less productive [3,
2]. To solve this problem, research on improving both the timing [11, 5] and the
content [14] of notifications was conducted. Research results show that ensuring
both that notifications are sent at times when users switch their behavior, and
that they are relevant to the targeted users improves the notification response
rate. In addition to visual, auditory, and tactile notifications, it is shown in [9]
that olfactory notifications are effective in helping users determine the urgency
of a notification. The simplest method of notification is simultaneous notification
to all users, but it can be bothersome for individual users to receive notifications
about events that don’t concern them. Moreover, if a user continues to receive
notifications that are not relevant to them, they might be discouraged from using
the system. Therefore, it is necessary to identify and notify only users who are the
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targets of drop-in behavior. In the past, we have proposed a method for detecting
groups of people by sending and receiving BLE (Bluetooth Low Energy) signals
through a smartphone application [7], a method using BLE beacon tags [6],
and a method involving installing sensors on chairs [12]. However, since it is
difficult to create an application that runs constantly in the background, and
that the increasingly popular practice of hot-desking at work or at school makes
it impossible to predict which user will sit at which chair, we adopt a method that
uses BLE beacon tags to notify only the users who are exhibiting the relevant
behavior.
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System design and implementation

Our proposed system consists of three steps. First, the system uses BLE beacon
tags and BLE wireless receivers to detect and visualize the user’s school attendance (Step 1). Next, the system uses Slack, a communication tool, to collect and
visualize the user’s internal state (Step 2). Finally, the system proposes serendipitous events using the Cyber-Physical data, such as the user’s school attendance
and internal state, obtained in Steps 1 and 2 (Step 3). The configuration diagram
and system flow are shown in Fig. 1.

Fig. 1: System Diagram
Step 1: Collection and visualization of school attendance status The
BLE beacon signal for attendance detection of each user is polled every 5 minutes, and if the BLE signal is not detected for 30 minutes, the user is considered
absent. The collected attendance data is stored in a database. This collected
school attendance status can be visualized on the web application. The purpose
of this visualization is to be able to know if the user is at school on a given day.
Example of understanding the physical information from RSSI (Received
Signal Strength Indication) obtained from BLE signal is shown in Fig. 2, where
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(a) shows the detection of moving outside the university laboratory and (b)
shows the same location in the university laboratory.

(a) Example of detecting movement outside

(b) Example of detecting that they are in the same place

Fig. 2: Physical relationships estimated from RSSI of BLE beacons
Step 2: Collection and visualization of internal states We defined nine
states including six health states and environmental states of the user, which
make up the cyber information. First, we defined six health states that the user
feels: free, hungry, tired, sleepy, concentrated, and normal. This state was set
based on the information obtained from a questionnaire survey on the state that
the participants usually felt in the laboratory. In addition, since temperature is
an external factor that affects the user’s state [8], we defined three environmental states: hot, cold, and comfortable. Users were allowed to select both a health
state and an environmental state in their responses. In our system, a button
shown in Fig. 3 is sent through Slack to a user who has been detected as being
in attendance for them to enter their internal state. We use a button input with
Slack to enable one-click input and further facilitate the internal state reporting procedure. The internal state entered by the user is stored in the system’s
database and visualized by a web application. The system sends notifications to
the users to encourage input. Since the target audience of this experiment was
students, the notifications were sent at the end of the class, when they would
not interfere with the class. Furthermore, to reduce the psychological burden of
unnecessary notifications, we designed the system not to send a button to users
who were absent.
Step 3: Event proposal by the system In Fig. 4 and Fig. 5, the system
suggests lunch events and coffee events based on the user’s Cyber-Physical information. Lunch events are proposed to users A, B, and C in the Hungry state
at 12:00, which is the lunch break time, as shown in Fig. 4. Fig.5 shows how
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the coffee event works: when there are two or more people in the sleepy state,
the system sends a notification to the user asking them to make coffee. These
suggestions are made on a Slack channel that can be seen by all other users. We
thought that the visualization of the suggestions would encourage the users who
saw the message to take action.

Fig. 4: Lunch event flow

Fig. 3: Internal state input button
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Fig. 5: Coffee event flow

Experiment

In order for our system to fulfill the requirements for promoting camaraderie, the
user’s spontaneous participation is required. Therefore, designing a mechanism
to keep the user motivated to participate is of utmost importance. We hypothesized that within an organization where people already know each other’s names
and faces, an internal state, display at the individual level would be more effective in encouraging users to interact with the system than a display summarizing
the overall internal state of the laboratory. During this experiment, we continuously collected and displayed data on the school attendance and internal status
of each user in the organization under three conditions (a) hidden, (b) pie chart:
anonymous, and (c) name and internal status: non-anonymous (twice a week for
each condition), and investigated what changes would occur in the number of
user responses and user behavior. In addition, we also investigated the impact of
the system’s event recommendation function on users. This study was conducted
for a total of six weeks. The experimental conditions were: 37 people in the Slack
experimental channel, and displays set up in three locations in the laboratory so
that the users could see the screen. During the experiment, the system recommended two types of events based on the user’s context: lunch events and coffee
events. We observed the long-term interaction between users.
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Fig. 6: Pie chart display
4.1

Fig. 7: Name and states list display

Results and discussion

Response rate We defined the response rate as an evaluation metric to compare a user’s willingness to participate in the system for each of the different
visualization methods. The definition of the response rate is shown in Equation
1.
Number of clicks
(1)
Response rate =
Total number of notifications sent
The buttons were sent from Slack to the users attending school when they first
arrived at school, and at the end of class at 10:10, 12:00, 14:30, 16:20, and 18:10.
In addition, a questionnaire was given to users at the end of each of the three
different data visualization method periods. The visualization of condition (b) is
shown in Fig. 6. This visualization uses a pie chart to show the number of people
inputting their internal states and the percentage of each recorded internal state.
The visualization of condition (c) is shown in Fig. 7. In this visualization, the
user’s name and internal state are displayed.
We investigate changes in user motivation according to different information
visualization methods. Table 1 and Table 2 show the response rates for each
display method.
Table 1: Health state click data
Method

Send Click Response
[times] [times]
[%]

Table 2: Environmental state click data
Method

Send Click Response
[times] [times]
[%]

hidden (1st)

301

146

48.5

hidden (1st)

301

145

pie (1st)

362

224

61.9

pie (1st)

362

211

48.2
58.3

name (1st)

363

266

73.3

name (1st)

363

244

67.2

hidden (2nd)

336

201

59.8

hidden (2nd)

336

189

56.3

pie (2nd)

244

151

61.9

pie (2nd)

244

146

59.8

name (2nd)

310

209

67.4

name (2nd)

310

201

64.8

The results showed that the highest response rates were obtained for (c) name
and internal states, (b) pie chart, and (a) hidden, in order, for both the first and
second time that a particular visualization method was used. The results show
that the display method is effective for organizations where a certain level of
trust has been established between people. The results were in line with our
hypothesis that the openness of the information would lead to the improvement
of users’ motivation to participate. In addition, we saw that the health state
response rate was slightly higher than the environmental state response rate.
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Questionnaire results A questionnaire was administered to the users at the
end of each visualization method evaluation period. The aim of the questionnaire
was to determine whether the different visualization methods triggered specific
changes in user behavior.
Hidden After the use of the non-visualization method, we received comments
such as: “I was looking forward to seeing my status reflected on the screen, so I
was a little disappointed not to see it displayed.”. This would indicate that the
display was a motivation for input, and that thus removing it triggered a change
in user behavior.
Pie chart This visualization method was able to trigger specific behavioral
changes, illustrated by comments such as: “Visualizing system status was useful
for air conditioning management.”.
Name and state With the name and internal state display method, we received
comments such as: “If I know that someone is concentrating, I make sure to work
quietly around them”, and behavioral changes occurred due to the visualization
of the state on an individual basis.
Interview for events produced by the system We built a co-activity recommend system to propose lunch and coffee events and observed the users’
behavior. After that, we conducted free answer interviews with two participants
in our experiment (P1 and P2) from our university laboratory. Based on the results of this interview, we will discuss whether there was any change in behavior
as a result of the event suggestions made by the system.
Lunch-event The lunch event caused a direct behavioral change in P1: “We did
not usually have lunch together because we were in different years, but the system
proposal allowed us to have lunch together. The suggestion of the system itself
became a trigger to ask her out for lunch”. In this case, the system’s suggestions
had a positive impact on the ease of face-to-face communication. Contrary to P1,
P2 did not experience any direct behavioral changes from the system, saying: “I
was not able to attend the event due to not being aware of the notification or the
timing of the notification.”. This shows that it is necessary to design our system
to determine not only a user’s status and whether they are in the laboratory,
but also the timing and method of notification delivered used by the system. P2
claimed that there was no direct interaction, but said that there was indirect
interaction: “I decided to go to school because of a notification of an event in
Slack which enabled me to indirectly know that there was someone in the school
that I wanted to talk to directly.”. This response is an indirect interaction that
the original system did not anticipate, and leads us to consider that information
about who is currently in the laboratory is a behavior-changing element.
From the results of these interviews, it can be concluded that the system’s
suggestion of a lunch event has the effect of promoting a certain level of behavioral change, and that it may be able to create an opportunity to promote
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communication between people who normally have difficulty communicating,
such as those who are in different years at university. On the other hand, we received feedback stating that it is difficult to participate in an event when people
with weaker relationships are matched with each other.

Coffee-event During the experimental period, the system proposed coffee events
13 times, and the number of coffee events conducted was 6. The average number
of participants who could be confirmed with Slack was 3.67. In this study, we
interviewed a participant from our university laboratory who participated in the
coffee event (P1) and one who did not (P2).
P1 said: “I was able to share the work of making coffee with other participants
and chat with them over a cup of coffee. In that way, I was able to connect with
people I do not usually have the opportunity to connect with.” P1 continued,
“In the Slack channel, you can check the coffee event and learn about what kind
of people want to drink coffee. Therefore, if someone who wants to chat gets
notified about the event, they might join in and communicate with me.” These
comments suggest that the coffee event can promote face-to-face communication.
P2 did not participate in the event, saying: “I did not participate in the
event because I do not like coffee and cannot drink it even if the event is recommended.” We found that the subject of coffee drinking, which depends on the
users’ personal tastes, is directly related to the willingness to participate in the
event. Therefore, it is important to design events that do not depend on preferences, gender, age, or other factors, or on the contrary, to design personalized
events based on user preferences.
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Conclusion

In this study, we proposed and implemented a context-aware Slack chatbot to
facilitate face-to-face communication, which has been reduced by COVID-19.
We deployed the system in a university laboratory environment for six weeks
to confirm the effectiveness of our proposed system. Experimental results show
that the system can encourage serendipitous face-to-face communication while
reducing the frequency of coming to school and going to work. We also found that
in an organization where a certain level of trust has already been established,
such as in a laboratory, the openness of the collected information can increase
the user’s willingness to participate in the system, which can be evidenced by
an improved notification response rate. It was also found that visualizing the
internal state of others had an effect on behavioral changes in users, such as
being able to pay more attention to air conditioning and adjusting their speaking
voice according to the level of concentration around them. In the future, we plan
to integrate ambient notification methods based on the IoT (Internet of Things)
nudging described in [10] into our system and investigate their impact on user
motivation.
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