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Abstract. This study introduces CalmaStep, a system designed to phys-
icalize collective stress with an integrated notification feature. The proto-
type anonymously displays individual stress levels in a modular format,
encouraging playful interactions and the exchange of subtle messages
within an office setting while accommodating preferences for emotional
privacy. Quantitative methods have been used to measure changes of
stress levels following notifications, while qualitative methods have been
used to investigate participants’ interpretations of the notifications and
the resulting social dynamics. The quantitative analysis did not show a
significant reduction in stress levels, while qualitative findings demon-
strated CalmaStep’s potential to promote discussions on common topics
and enhance social dynamics.
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1 Introduction

In the context of social activities, stress is a prevalent phenomenon. It originates
from the mismatch between resources and needs [24] and can manifest itself in
physical and psychological ways [14]. People under stress can have an increase
in heart rate and blood pressure, and can be perceived with changes in heart
rate variability(HRV), which is the most commonly used parameter to identify
stress states [§].

When considering specifically the office environment, the term “collective
stress” refers to collective coping responses to stressors [11]. Different from the
stress mentioned in daily life, collective stress focuses more on the level of the
working group and is also analyzed from a collective perspective. The stressors
in this context can be competition among colleagues, impending work deadlines,
etc. These will lead to the emergence of collective stress and have an impact
on collective work efficiency, team atmosphere, and interpersonal communica-
tion [6]. A significant proportion of related research currently focuses on the vi-
sualization of collective stress data and the subsequent feedback from the tested
groups, to study the impact of a more comprehensive understanding of collec-
tive stress. One innovative approach to addressing collective stress is through
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physicalization, which involves creating tangible representations of data to facil-
itate understanding and interaction. Physicalization offers unique opportunities
to apply traditional individual stress relief techniques at the group level. For
example, Ren et al. [20] developed a physical artifact that visualizes collective
stress through changing light patterns, which encourages fitness and relaxation
exercises. The rationale for choosing physicalization lies in its ability to make
abstract feelings more concrete and tangible, thereby fostering collective engage-
ment and reflection. Research has shown that tangibility helps problem solvers
perform better, achieve higher learning gains, collaborate better, explore more
alternative designs, and perceive problem solving as more playful [23].

This research aims to explore how a collective stress physicalization that
invites people to interact impacts on stress feelings and social dynamics in the
office environment. By physicalizing people’s stress levels anonymously in a mod-
ular way, the installation designed in this study, called CalmaStep, ideally can
be embedded in the ground near the entrance of the office. When people step
on its flexible surface to relieve stress, a notification will be sent to the person
associated with the bubble. This builds a stress-relieving connection among peo-
ple working in or visiting this office and tries to make the message flow between
communities in a relatively safe and interesting way. A total of 24 participants
were recruited into the experiment to complete two separate studies. The re-
sults of the research indicated that the effect of the system on stress was not
statistically significant. On the other hand, the system had a positive effect on
increasing participants’ social interest, drawing attention to collective stress, and
helping to inspire discussions around common topics.

2 Related work

2.1 Interventions for Collective Stress in Work Environments

Workplace stress is an important issue that needs to be addressed to improve the
mental health and overall well-being of employees across various industries and
countries [13]. An effective strategy to reduce workplace stress involves using
relaxation rooms equipped with auditory and visual stimuli, which have been
shown to promote recovery after acute stress [4].

In recent years, there has been a growing interest in visualizing collective
stress and studying its meaning and impact on the community. Many studies
primarily focus on how to present and feed data back into the work environment,
enabling employees to recognize and manage their stress levels more effectively.
For instance, a shared display of individual stress-related physiological data, such
as heart-rate variability, through collective visualization significantly increases
awareness and understanding of both personal and organizational stress [28].
Another practical application of visualization is the BallBounce system, a work-
place biofeedback tool that anonymously visualizes collective stress data from
office workers. This system aims to decrease physiological stress and inspire ideas
for stress-relieving measures [16]. Studies also show that engaging office work-
ers in co-constructing stories around their stress experiences has revealed six



clusters of benefits for collective stress visualization, enhancing well-being and
productivity in their daily routines [26].

In the design of interventions related to physical interaction, PopStress ef-
fectively reduces collective office stress by turning it into energy for a popcorn
machine, encouraging natural and entertaining social stress-relieving behaviors
among office workers [1]. Another design named LightSit comprises a sensor mat
that can be embedded in an office chair to measure the posture of the user sitting
and the variability of the heart rate and a lighting display that is integrated into
a monitor stand to present information unobtrusively, facilitating fitness and
relaxation exercises during micro-breaks [20].

Other emerging directions in workplace stress management include the use
of virtual reality (VR) interventions. A scoping review of the available evidence
has shown that VR might reduce workplace stress levels, although more quality
research is needed to fully understand its unique contributions to stress manage-
ment [15]. An example of such an intervention is Stressjam, a VR game using
biofeedback, which shows potential in improving people’s stress mindset [12].

2.2 Designs for Relieving Stress

Designs for relieving stress encompass a wide range of approaches, emphasizing
the importance of both emotional expression and physical activities. Simply
expressing emotions and receiving empathy can provide comfort, which is a key
factor in stress reduction [17].

Physical activities such as yoga and meditation are well-documented stress
relievers. Yoga reduces stress through positive affect, self-compassion, inhibition
of the posterior hypothalamus, and salivary cortisol [21]. Similarly, meditation
practices lead to decreased physiological stress markers across diverse popula-
tions [18]. Mindfulness meditation apps such as Calm have been shown to ef-
fectively reduce stress and improve mindfulness and self-compassion in stressed
individuals [9].

One of the areas of interest in the field of physical intervention is the act
of squeezing objects. This action helps individuals feel less stressed by reducing
the perceived loss of control over their environment [19]. It can also activate
the stress response system, involving neurochemical mediators like monoamines
and cytokines, and engaging regions of the brain associated with emotion reg-
ulation [7]. Interactive prototypes such as Squeeze-it, Marmoro, and Wigo pro-
vide tactile feedback to support stress reduction. These devices recognize stress-
related behaviors and offer relaxation feedback, demonstrating the potential of
tactile interaction in stress management [3].

2.3 Opportunities

To sum up, current research on collective stress focuses on using visual methods
to present data to arouse people’s reflection. Intervention methods for collective
stress, therefore, also rely more on the formation of reflection than on the design



of a more physical interactive experience, which is often the case when interven-
ing on individual stress. In addition, current intervention methods for stress tend
to be narrowly focused on regulating individual physiological states. However, it
is rarely considered from the perspective of inducing social interaction, which is
an important factor in understanding the causes and effects of stress.

The exploration of the potential benefits of physical interaction in alleviat-
ing collective stress raises questions about its impact on emotional responses
and social dynamics of the office environment, taking into account factors in-
cluding reflection on collective stress, social dynamics, and the diverse office
environment. This design research thus aims to propose a system based on the
physicalization of collective stress to establish a bridge for information transmis-
sion in the office environment. This exploration seeks to provide guidance and
reference for subsequent design interventions that address collective stress.

3 Design and implementation

3.1 The ethical concerns about intervention for collective stress

Expressing emotions and receiving empathy reduce stress, but the comfort of
having shared a message is a key factor in reducing stress [17]. When exploring
potential interventions, it is crucial to ensure the privacy of emotional informa-
tion. This implies allowing individuals to self-identity disclosure in a subgroup
because people have different preferences for sharing their stress [27]. This is par-
ticularly important given that dealing with collective stress inevitably involves
social relationships.

3.2 The way to physicalize and assess the collective stress

The primary method of analyzing collective stress is to collate individual stress
data. Existing research on the assessment of collective stress is relatively limited
in scope. There is a method proposed for frequently measuring group stress lev-
els by generating estimation models based on body motion data [25], of which
the effectiveness remains to be verified. Consequently, the present study em-
ploys a physicalization approach, in which the emotions of each individual are
anonymously physicalized and collectively displayed. In subsequent experimental
evaluations, attention is paid to changes in individual stress.

3.3 Physicalization and system design

The prototype developed for this research is named CalmaStep. It anonymously
physicalizes people’s stress levels in a modular format (see Fig.2), with each
module corresponding to an individual in the office without revealing their iden-
tity. When people feel stressed, the flexible interfaces on these modules inflate
like bubbles. This process can be achieved by the PPG sensor detecting HRV
and sending a signal. This design ensures the privacy of employees’ emotional



states. The prototype is designed to be embedded in the ground near the office
entrance, with the number of modules matching the number of people working
in the office. When entering or exiting the office, individuals can step on stress
bubbles to relieve stress, equivalent to the act of squeezing plastic bubble wrap.
Upon interaction, a notification is sent to the person associated with the bubble
and is displayed on the computer (see Fig.1). This notification consists of two
parts: visually, the computer screen of the associated person will display a pop-
ping bubble effect, and aurally, individuals will hear a popping sound through
their earphones. In the current prototype stage, flexible interfaces are made using
balloons and air pumps. For future iterations, the design could be improved by
using silicone molds to create more durable and aesthetically pleasing modules.

Fig. 1. The notification will temporarily affect the working interface

4 Experiments

The entire research consists of two experiments. The objective of Study 1 is to
examine the influence of the designed system on the social patterns among those
at work and their interpretation of the messages they receive, and the social
decisions they may make. Study 2 will examine how individuals who interact
with the prototype interpret the notifications being conveyed to those who are
working, and their expectations of the response from the working groups.

Although divided into two studies and conducted separately in time, Study
1 and Study 2 can be considered as events that occur concurrently within the
same scenario. Participants, in this scenario, respectively assume the roles of
individuals engaged in workplace tasks in Study 1 and those interacting with
devices in Study 2.



Fig. 2. The functioning prototype in context

4.1 Participants

A total of 24 participants were recruited for the experiment, all of whom are from
Eindhoven University and between the ages of 20 and 30, including 9 males and
15 females.

In Study 1, 20 participants were recruited. In Study 2, 6 participants were
included, of whom two had previously participated in Study 1, while the remain-
ing four had not. All participants have experience of working in an open space
environment, with no heart or psychological diseases. Before the study, a consent
form was provided to them.

4.2 Apparatus

To investigate the effects on two distinct groups of individuals — those experienc-
ing stress in the workplace and those engaging in device interaction — within the
same context, the environmental setups for Study 1 and Study 2 were designed
to be similar.

For this study a meeting room with a capacity of 4 persons was arranged (see
Fig. 4 and Fig.5). Outside of the meeting rooms, the prototype would be placed
on the ground, adjacent to the room with a power connection. The prototype in
the experiment consists of 4 modules, corresponding to the number of people in
the meeting room. The flexible interfaces of the two modules will be intermit-
tently inflated during specific study phases (see Fig. 3), aligning with assumed



Fig. 3. The prototype at work in the experiment

increases in stress rather than real-time physical data collection. The transparent
glass walls of the meeting room allow participants to see the prototype, while
those outside can also observe the activities inside.

4.3 Study 1 Procedure

In Study 1, 4 participants who were acquainted with each other were assembled
in a group setting to simulate the dynamics of an office environment. Upon the
presentation of scenario information to participants, it was made clear to them
that the prototype situated outside the room was linked to them. Participants
were informed that they could discuss or exchange information throughout the
entire process. Each participant is required to bring their computer, mouse and
headphones.

In the experiment, participants will be randomly assigned two different Pow-
erPoint documents. The number of participants assigned to each file is equivalent.
Each document contains two math question videos with notification effects and
two static math question pages without notification effects. The difference be-
tween the two documents lies in the order of the videos with notification effects
(see Fig.6). The static pages and videos present the same sixty math problems,
involving single digit addition, subtraction, multiplication, and division, designed
to induce a certain level of stress [5]. The participants used the pen tool within
the PowerPoint document to write their answers on a full-screen canvas. This
setup ensured that the notification effects were displayed without interruption
during the test while preventing the video playback bar from appearing. This
is designed to prevent direct control over participants’ computers while ensur-
ing that visual and sound effects of notifications can still be achieved on their
computers, also enhancing participants’ immersion in the experimental scenario.

Corresponding to the design of the document, participants were required to
complete four rounds of testing. The main purpose of conducting four rounds of
tests is to reduce participants’ expectations and predictions about whether they
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Fig. 6. Procedures for Study 1

will receive notifications in the subsequent round. In each round of the tests,
participants will have 3 minutes to complete the 60 math equations.

Following each round of tests, participants will be required to fill in the stress
self-report form. The participants are able to take a break while filling in the
forms and to refresh themselves for the next test. After completing the four
rounds of tests, participants will have an overall interview.

Study 1 lasts about one hour.

Fig. 7. In Study 1, the task is being completed by the participants, who are working
on their own computers.

4.4 Study 2 Procedure

In Study 2, four individuals were situated in the meeting room, simulating the
working scenario for the participants (see Fig.5), who were instructed to act as
though they were engaged in personal work.



The participants were presented with a scenario introduction, which provided
a brief overview of the research and explained how the prototype functions.
Following this, the participants chose whether to interact with the prototype.
After the interaction was finished, they were interviewed. Each participant was
tested individually in this study, which lasted approximately 20 minutes.

4.5 Data collection methods

Stress self-report State-Trait Anxiety Inventory (STAI) [2] is used in Study
1 for participants to fill in after each round of tests.

Observation In Study 1, observations focused on how many bubbles partici-
pants interacted with, as well as any other notable reactions. In Study 2, the
observations included whether participants looked outside the meeting room af-
ter receiving the notification, talked with each other, made eye contact, or showed
other notable reactions.

Interview The interview for Study 1 aimed to understand participants’ inter-
pretations of the notification, their perception of individual and collective stress,
and the social dynamics triggered by the intervention. Questions also explored
factors influencing social interest during the session, perceived differences com-
pared to non-notification scenarios, and participants’ general coping strategies
for collective stress in office environments. For Study 2, interview questions ex-
plored the factors that inspire social interests, participants’ interpretation of
the notification, and their perception of collective stress, as well as the social
dynamics that would arise in this context.

5 Results

5.1 Quantitative analysis

In Study 1, 40 sets of data were obtained from 20 participants. It was assumed
that the data were independent of each other. In order to ensure the reliability of
the quantitative results, the analysis was performed on the original data (Notif,
NoNotif) and on the data averaged from the same participants under the same
experimental conditions (Notif-Avg, NoNotif-Avg).

To facilitate the subsequent analysis and discussions, the following abbrevi-
ations will be used.

Notif: Original data of experimental group with notifications.

NoNotif: Original data of control group without notifications.

NoNotif-Avg: Average of the data from the control group without notifica-
tions.

Notif-Avg: Average of the data from the experimental group with notifica-
tions.



Before conducting the comparative analysis, the normality of the data contri-
butions for both conditions (original data and averaged data) was assessed using
the Shapiro-Wilk test since the sample size of the research data is less than
50 [10]. The NoNotif and NoNotif-Avg groups do not exhibit normality charac-
teristics, while the Notif and Notif-Avg groups demonstrate normal distribution
properties. Given the non-normal distribution of at least one of the groups, it
was deemed appropriate to employ a non-parametric test to facilitate a compar-
ison between the Notifi(-Avg) group and NoNotif(-Avg) group. The Wilcoxon
signed-rank test was chosen as it does not require the assumption of normality
and is suitable for within-subject study designs [22].
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Fig. 8. STAI results for original data

The data presented in the box plots (see Fig. 8 and Fig.9) illustrates a slight
increase in median and average values for the Notifi(-Avg) group compared with
NoNotifi(-Avg) group, suggesting that the notification received during the ex-
periment tends to increase the stress levels of participants.

However, the results of the Wilcoxon signed rank test do not indicate statis-
tically significant differences between the two paired data sets (p>0.05).

5.2 Qualitative analysis

The interpretation of the notification In Study 1, the participants at work
provided a notable divergence in their interpretation of the underlying meaning
conveyed by the notifications they received. Eleven participants stated that they
perceived the notification as a positive message that prompt them to pay atten-
tion to their stress and seek solutions. With the anonymity of the link between
individuals and designed modules had been introduced, P7 remarked, “My first
reaction was that this was someone I knew interacting with the device, trying
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Fig. 9. STAI results for the data averaged from the same participants under the same
experimental conditions

to help me stop being anxious and go out for a walk and chat.” P9 commented,
“T think It’s like someone is joking with us.” P20 noted, “The person interacting
with the prototype may want to help us relieve stress.”

On the other hand, seven participants said that they did not think too much
about other people’s intentions when receiving notifications, and simply regarded
it as a reminder. P1 said, “I was startled and thought there was not enough time.”
P3 noted, “I know this may be friendly, but I was stunned for two seconds and
started to think about whether I was stressed just now.”

In Study 2, all six participants unanimously stated that they chose to in-
teract with the prototype because they wanted to convey kindness and care.
P4 expressed, “I don’t want to disturb them directly, but I think I should do
something to help them.”

The awareness and reflection of the stress level In Study 1, most partic-
ipants said that the notifications they received increased the awareness of their
stress state. Regarding collective stress, or concern for the stress of others, five
participants reported becoming more curious about the emotional states of oth-
ers. P7 stated, “I pay attention to others because I don’t want to be the only one
feeling anxious”, and both pll and pl2 said “I looked at the prototype outside
to see what was going on about people’s stress.”

In Study 2, all participants confidently distinguished whether stressed indi-
viduals constituted the majority based on the device’s output.

The impact of factors that inspire social interests Among the elements of
sound, visual effects, and timing of notification appearances, 6 out of 20 partici-
pants highlighted the influence of the timing of notifications on their inclination



towards socializing. For example, P3 remarked, “Because there is no great pres-
sure, I want to take this opportunity to chat. But if it is very stressful, I will
ignore it.” 10 participants mentioned that visual effects could disrupt their focus
on work. P14 said, “I feel a little annoyed, and even fell like to go out and com-
plain to person.” Additionally, 14 participants found soft sound effects enjoyable
and conducive to relaxation.

The social decision has been made Among the five groups in Study 1,
three groups briefly discussed topics related to this notification. Among them,
some participants in the G2 and G4 groups took the initiative to mention that
they had received the notifications, while the topic in the G4 group started
with a tactful inquiry, “What happened?”’ The G2 group displayed particularly
active social engagement, seamlessly transitioning from notification discussions
to more general topics. During interviews, P9 said, “Actually, I also want to say
hi to the people outside there.” This sentiment was also shared by seven other
participants. Moreover, ten participants indicated their intention to leave their
seats, anticipating potential social opportunities.

In Study 2, following an understanding of the experimental context, all the
participants chose to interact with the stress bubble that had been inflated on
the prototype. Two out of the six participants attempted repeated interactions
while observing the reactions of the people present in the meeting room. When
asked about their expectations for social events, four participants expressed a
desire for simple forms of communication with people in the meeting room, such
as eye contact, waving, etc.

6 Discussion and Limitations

6.1 Design considerations about the prototype and notifications

In study 1, some suggestions on notification were collected and considered. Six
participants noted that the current notification’s bubble-bursting effect on the
screen was distracting, and thus hindering the workflow. P14 said “It would be
better if it could be shrunk to the corners of the screen.”

In the design section, the anonymity of module-person associations was men-
tioned but lacked elaboration. For future iterations, randomly assigning individ-
uals to different modules daily could enhance anonymity. Mutable associations
can prevent participants from gradually discerning their link to the prototype,
thus preserving identity transparency over time.

6.2 The impact of multiple factors on social dynamics

Firstly, while lab experiments provide valuable insights, real-world dynamics still
can be different. Students accustomed to public spaces may not grasp the full
extent of workplace collective stress. To enhance accuracy, future experiments



could be conducted in authentic office settings, employing actual employees as
participants.

Secondly, during the interviews, participants frequently speculated that their
social decisions might vary if the task were less serious than math problems. This
indicates the considerable influence of task nature on social dynamics. Concur-
rently, the observation of social interactions within Study 1 groups, which com-
prised familiar individuals, revealed substantial differences in social dynamics.
These variations could be attributed to diverse group norms or underlying factors
such as cultural backgrounds.

Research shows that collective stress and coping mechanisms vary across cul-
tures, with many coping mechanisms being collective, learned, uniform responses
to remove stressors or change interpretations of situations [11].

6.3 The balance between emotional information protection and
intervention methods

The unexpected outcome of the experiment was that no one mentioned the
discomfort of being exposed to a certain degree of their own emotions. Further-
more, some participants took the initiative to communicate with others about
their stress status after receiving the notification. When queried about their in-
terpretation of notifications, the divergences observed in Study 1 were found to
be closely related to the participants’ preferences for processing emotions. All
participants who perceived the notifications as a social invitation reported that
they usually expressed their emotions to a greater or lesser extent to relieve
stress. Some participants who are inclined to be reserved in expressing emotions
perceived notifications as “reminders” rather than as “social invitations.” This
appears to create a buffer zone for the degree of disclosure of stressful emotions.
When the design leaves room for user interpretation, people subconsciously inter-
pret ambiguous information in a way that suits their preferences, thus achieving
a certain degree of balance.

7 Conclusions

In this research, a physicalization of collective stress with a notification system is
designed. The prototype, which anonymously physicalizes people’s stress levels
in a modular way, aims to provide the affordance for interaction and attempts to
implicitly convey information among people in an office environment in a playful
way, which also leaves more room for interpretation of the notification, while at
the same time raising the awareness of the stress.

In the experiment, quantitative methods are used to measure the changes
in stress in participants at work after receiving the notification, and qualitative
methods are used to explore how people interpret the notification they receive
or send, as well as what kind of social activities might arise after raising the
awareness of stress. Although the effect on stress levels is not significant in
quantitative analysis, the qualitative results highlight the benefits of CalmaStep
in fostering discussions around common topics and social interests.
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