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ABSTRACT

Workplace health interventions have predominantly been designed
around visualizations of physical activity data in the work routine.
Yet, contextual factors, such as computer-based activity, appears
to be crucial to support healthier behaviors at work. In this re-
search, we explore the effect of visualizing computer-based activity
to prompt physical activity at work, through desktop-based am-
bient displays. Based on our prototypes Yamin and Apphia, we
conducted an exploratory qualitative user study in a lab setting
with office workers (N=16). Results showed that visualizing one’s
computer-based activity could potentially increase the awareness,
self-reflection, and social interactions for individuals to become
physically active. With our findings, we discuss design implications
for using computer activity data in a physical form as a motiva-
tional factor to encourage physically active workstyles. We present
directions for future field studies to gain further insights on this
topic.
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1 INTRODUCTION AND RELATED WORK

In the workplace, information and communication technologies
play a significant role in reducing physical movement. This inactive
and sedentary-focused behavior is associated with diseases such as
type II diabetes, cardiovascular diseases, and breast cancer [5, 17].
Digital services have provided individuals with convenient access
to information and efficient team interactions without breaking the
workflow in majorly “seated” office jobs. As measures to reduce un-
healthy inactive workstyles, several interventions have been using
office workers’ physical activity data [11], such as step count [7], sit-
ting time [29], heart rate [31] and postures [32] to raise awareness
or prompt breaks. However, it is challenging to promote physical
activity in the workplace without triangulating physical activity
data and contextual information [27]. For instance, the majority
of office work routines are dominated by computer-based tasks,
which can significantly influence workers’ behavioral intention to
move more [4, 9]. Visualizing these working behaviors may support
self-awareness and self-reflection on opportunities and intentions
for being active during the workday [13]. Current interventions
using computer activity data as an input are often displaying out-
puts under the form of dashboards or prompts on the computer
screen [1, 13, 28, 36]. Physical and tangible designs addressing of-
fice sedentary behavior exist, ranging from office furniture, lamps,
or wearables [10-12, 20]. Yet as shown in the scoping review by
Damen et al. [11], none of the artefacts reviewed used computer
data as an input measure (preferring step counts, heartrate and
motion).

In this project, we investigate whether and how visualization of
computer data can act as a motivational factor to trigger physically
active behaviors at the office. We present a preliminary research-
through-design study exploring the role of real-time computer-
based activity data in relation to physical activity through ambient
displays. Ambient displays provide “physical ambient cues, signals,
and alerts that present socially meaningful events in the data as
changes in the physical environment” [18, 19]. Through their phys-
ical properties, they offer the advantage of increasing awareness
and participation [18]. Prior research also hints at the potential
of using ambient technologies for a persuasive purpose [33], for
instance at the workplace by nudging employees to take a break
(Breakaway by Jafarinaimi et al. [22]) or to use the stairs rather
than the elevator (Light installations by Rogers et al. [33]). Other
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Figure 1: Yamin (a) and Apphia (b), two ambient desktop devices that visualize computer-activity

notable design examples using ambient displays to nudge office
workers into moving more are Movelamp [15], which indicates
the employee’s recent activity level, Lightsit [31] which visualizes
unhealthy sitting behavior or posture, or the Healthbar [29] which
helps users break their sitting behavior. These examples use and
embody several forms of physical activity data, yet none relate
physical activity to computer activity data.

We designed two ambient desktop devices that visualize data
based on trackpad activity (Figure 1a Yamin) and the duration of
“productive” computer time (Figure 1b Apphia), data sources often
used in the field of affective computing [35]. As shown in Figure 2,
we mapped computer activity data to LED matrixes in our devices.
We used these artefacts as research probes during a lab evalua-
tion study with 16 participants, to evaluate their applicability to
the context and discuss design opportunities. We contribute to the
field of Human-Computer interaction (HCI) by exploring the role
of visualizing computer data in relation to physical activity data
through ambient displays embedding innovative characteristics (in
their visualization, metrics, and intended impact). The produced
knowledge is relevant for both the development of design interven-
tions and research setups on the timely topic of physical activity in
the office environment.

2 PROTOTYPING YAMIN AND APPHIA

We started our design process by brainstorming the type of data
that could be visualized in order to raise awareness and, eventually,
prompt people to take more breaks and be more active at work. We
designed two artefacts of similar aspect yet representing distinct
perspectives. First, Yamin was developed to visualize computer
activity as measured via trackpad data. A heatmap-like lighting dis-
play is presented on Yamin (Figure 2a) to synthesize the historical
data of cursor positions on a laptop. A running character is repre-
sented through green LEDs. It becomes less and less prominent as
the cursor data lights up and takes over the visualization. We used
the Processing environment to acquire computer use data. Second,
Apphia uses time tracking software data from RescueTime®as a
visualization of daily productivity. It tracks how people spend time
on their computer and categorizes it to show which apps or website
are most distracting. As a popular platform offering effective met-
rics and an AP, RescueTime was appropriate for our study. Apphia
leverages a circle of light spots with different color codes (Figure 2b)
to represent focused time (green) and distracted time (red). To do

so, RescueTime sends the number of non-productive minutes to the
Particle cloud. A Particle Photon subscribed to this data string com-
pares the data with a set threshold (e.g. 20 min of non-productive
work). The data collected through our artefacts could (and already
is in the case of RescueTime) be displayed on the computer itself,
yet following research on ambient interfaces [18, 19] we hypoth-
esized that a physical display placed visibly on one’s desk would
have a different impact. The designs were developed as ambient
interfaces to increase awareness and participation through their
physical properties [18, 21, 23]. Making information visible in a
social setting like the office environment [22] is another character-
istic of both artefacts. As visualizations of computer-related data,
mouse activity and productivity (as measured through RescueTime)
were selected for their ability to trigger reflection and change in
the working routine. On Yamin (Figure 2), the running character
depicted, which slowly fades in the background, raises awareness
on the user’s sedentary behavior. On Apphia, the visualization is
not directly related to sedentary behavior. Our prototypes act as
research probes to investigate what meaning workers make of the
visualization of their computer-based working behaviors and if it
can raise awareness to decrease sedentary behaviors in the office
routine.

3 USER STUDY

We conducted a user study involving sixteen office workers (9 males,
7 females, average age 37.9) in a lab setting (Figure 3). Participants
signed a consent form and did not receive any incentive. The user
study entailed a showcase and testing session and a follow-up
semi-structured interview. First, we presented a live demo of basic
interaction mechanisms using the prototypes and a video showing
the visualization in-situ. Participants had the opportunity to interact
with the prototypes for 15 minutes. The follow-up interview aimed
at understanding participants’ first experience and attitude towards
the design concepts. Questions prompted them to a) reflect on the
visualized link between their computer data and their physical
activity data, b) compare the two forms of data presented and the
meaning they attribute to them and finally c) envision how these
ambient displays would impact their physical (in)activity at work.
Interviews were recorded, transcribed and analyzed using thematic
analysis [6].
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Figure 2: Computer data visualization of Apphia and Yamin. Apphia visualizes with an 8x8 matrix if an individual is focused or
distracted, based on their computer use. Yamin visualizes with a 16x16 matrix if an active person being progressively covered

by mouse activity (blue dots) over time.

Figure 3: Research setup of the lab study

4 RESULTS

Three themes emerged from the interview analysis, hinting at how
ambient data visualizations of computer-based activity may con-
tribute to office vitality.

4.1 Self-Awareness of Unhealthy Working
Behaviors

Participants (11 out of 16) indicated a behavioral intention to reduce
sedentary behavior due to the awareness of their computer-based
activity. This was mostly seen with Apphia, visualizing productive
working time: ‘T think that many people sit behind their computers
unconsciously for a long time without knowing that their productivity
is decreasing.” (P2) “I like it because the device now indicates that
you are no longer focused and that you maybe should take a break.”
(P15) and “Tt can also be a confrontation. If you get red feedback that
you are wondering, what have I actually done in the last hour. I could
have been more active.” (P1). In contrast, Yamin was perceived as
less influential to remind being active at work. Two participants
expressed that visualizing the trackpad activity reveals only limited
or ambiguous information and thus could not support users in
self-awareness. ‘It may be that when you are reading a lot, your
mouse use is very low.” (P13). It was however appreciated that the
data was expressed as a process: ‘I like the mouse activity because
it shows a process over a longer period.” (P6). Showing the process
also gave participants a feeling of deserving a break because they
worked hard for a time period: ‘T can see for myself how I'm doing. . .
I deserve to be distracted when it is completely full [green character
covered by mouse data] or around 80% that I have worked hard and
can have a break.” (P2).

4.2 Awareness through Ambient Displays

Instead of a screen-based activity dashboard, Yamin and Apphia
visualize computer activity on desk-based ambient devices to con-
vey concise information to the user (mentioned by 8 participants).
The “physical” property of the artefacts was perceived as more
effective, increasing a sort of ambient awareness during work, than
traditional interventions using visualizations on the computer itself.
As P3 indicated, “It is confronting because with the computer you
click it away quickly, but you cannot ignore this. But it is positive
because it indicates it and you can go for a walk.” Being physical also
served the purpose of moving people away from screens “It doesn’t
all have to be digital. I've been looking at my computer all day and
this is a kind of external trigger that helps you remember.” (P14), “You
can’t click it away [comparing Yamin to a digital intervention] so I
think that this will help. I think this is positive.” (P9), ‘T like it, because
otherwise everything stays on the screen and this gives it a slightly
different atmosphere” (P10) and “It’s on your desk so you can’t just
ignore it or put it away, I like that. Because normally on an app you
swipe it away.” (P11).

4.3 Social Considerations

Due to the collective nature of office work, the data visualized on
Yamin and Apphia was linked by participants to social aspects in
the workplace. For instance, the setup was seen as an opportunity
to trigger social support for office vitality “I would find it useful to
find out if someone is available for a conversation or needs to be active.
Or maybe they have been sitting at the computer for too long and you
can help.” (P4) On the flip side, two participants also stressed the
privacy issues that could arise: “The disadvantage is that it is not
private. It can therefore be less pleasant because sometimes you have
busier or more relaxed periods during work, and this is now visible.”
(P6). “If my neighbor goes red all the time then that might be a bit
privacy sensitive. ..” (P13).

5 DISCUSSION AND FUTURE WORK

This study was set out to explore the effect of ambient displays visu-
alizing computer activity as a mean to reduce physical inactivity in
the work routine. The main goal was to support self-awareness and
self-reflection on opportunities and behavioral intentions for being
active during the workday. Through prototyping and conducting a
first study of Yamin and Apphia, we learned that it could support
self-awareness about one’s working pattern, and perhaps prompt
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an active work break. The visualization of productive working time
was considered more useful than the visualization of trackpad ac-
tivity, which was deemed less comprehensive and ambiguous about
the tasks achieved. In Yamin and Apphia the visualization of com-
puter activity was represented in a physical form rather than a
digital intervention on the computer. The designs contributed to
an experience of ambient awareness, which can easily fit into the
busy work routine [20] while needing only little cognitive resources
as suggested by the concept of Ambient Persuasive Technology
by Ham and Midden [16]. This might support office workers in
a seamless transition from the increasingly sedentary nature of
computer-supported work to spontaneous active breaks.

Our user study also brought up several discussions about the
social implications of physical visualizations of computer activity
in the office context. On the one hand, the proposed designs have
potential to increase social interactions to encourage physical ac-
tivity and healthy behaviors among co-workers. On the other hand,
the social aspects of our designs should be thought of carefully to
avoid negative social stimulus (e.g., unfriendly competition) and
potential privacy issues regarding personal data sharing. The office
environment consists of individuals with different levels of com-
petitiveness [14]. The balance should therefore be found where the
computer activity is presented for a heterogeneous group of office
workers while giving individuals a clear motivation. From a privacy
perspective, the design team has additionally been questioning and
reflecting on the potential misuse of employees’ data by their orga-
nization. While Apphia visualized participants’ preferred type of
data, the clear and publicly accessible visualization of productive
versus non-productive time triggered ethical considerations. In this
regard, translating data that was traditionally displayed privately
on one’s screen into a desktop visible device should be done with
the highest caution. More user research is needed to get insights
into scenarios where displaying this data would not be harmful
to users [2]. It might for instance include environments that are
even more sedentary due to the absence of social contact, such as
freelance work and remote home office. Additionally, the use of red
and green colors in the current Apphia prototype might convey
the wrong message about focused and distracted time, where the
former would be signaled as more appropriate than the other, po-
tentially increasing productivity pressure over a healthy balance of
tasks and activities.

Being exploratory in nature, the present study presents several
limitations which should be addressed in future work. First, the rel-
atively short duration of the study in a lab setting, focused on first
impressions and attitudes towards the design concepts, limits the
ecological validity of our findings [25]. It does not inform the user
experience of our design proposals in an actual office work setting
over a prolonged time. Second, contrary to previously published
interventions [11], our devices do not measure direct data about
sedentary behavior or physical (in)activity of individuals. Future
work could consider triangulating data about computer activity
with data about sedentary behavior, using off-the-shelf sensing
products or wearables, such as fitness trackers [7] or office furniture
[3, 8, 31]. Third, our artefacts are physical ambient displays yet do
not include interactivity in the interaction. Previous work by Hor-
necker and Buur [18] has emphasized tangible and reconfigurable
aspects as key to empower users and encourage discoverability and
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sensemaking of the data presented. Other authors [33] highlighted
playfulness and the ability to lure and intrigue, as well as aesthetics
[22] as effective characteristics of ambient displays for behavior
change. We thus aim at iterating on our designs, in order to trigger
more meaningful explorations and sensemaking.

In a future research study, we will deploy our artefacts in the field
as experiential probes [30] to investigate the short and mid-term
effects of our designs in-situ. Scaling up a field intervention on a
sufficient sample of office workers will require additional proto-
types, a difficulty often encountered in interventions using physical
artefacts instead of digital tools. Two successive rounds of 6-weeks
studies in office environments are thus foreseen with a total of 8
prototypes (N=16 office workers). While novelty and discoverabil-
ity will be key elements of the user experience in the first days or
weeks of use [24], this timeframe will allow to study usefulness and
effects on behavior beyond the familiarization stage. During deploy-
ment (starting 2 weeks before the intervention as a baseline) we
will provide participants with activity trackers (Fitbit ©wristbands)
in order to measure the effect of our artefacts on sedentary behavior
and to compare it to activity logs of the devices. The evaluation
of user experience of ambient systems is however challenging as
users do not have to proactively interact with the system [34]. We
will use semi-structured interviews and a diary study [26] to un-
derstand workers’ experiences over time. Of particular interest
will be how users individually place the ambient design in their
work environment and how this can impact its effectiveness. The
social interactions triggered by the devices will also be analyzed.
In line with a previous study [7], we uncovered here an interesting
perspective on how ambient visualization of work behavior can
trigger social processes. We aim at further investigating how social
interactions between colleagues can support office workers’ adop-
tion of healthier and more active workstyles. By exploring the role
of visualizing computer data in relation to physical activity data
through ambient displays, we hope to inspire design interventions
and research setups to address sedentary behavior at work.
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