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Therefore, we developed ClockViz (Figure 1), a projection-mapped clock to prove the concept.
ClockViz visualizes collective stress information by visually augmenting to a clock that has
been a public display in the working space, so workers in situ can easily perceive the collec-
tive stress information visually when they are working together. Regarding simplicity, we
designed a static (Figure 1b) and a dynamic (Figure 1c) projection overlays to visualize three
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based on the practical theory of social design. Thus, providing a public display is more preferable
than using personal displays of individual users. Our research question is could public biofeed-
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Static visualization (Figure 2) is an ambient intervention, which is inspired by Zen garden.
The sand traces changed imperceptibly slowly within a glance, so it appears to be static.
When everyone in the team feels stressed (Figure 2a), the entire clock is covered by dense pat-
terns, showing the even pressure of every team member. When someone(s) feels stressed, but
someone(s) does not (Figure 2b), the sand traces appear to be bipolar: half of the clock is cov-
ered by dense traces, but half of it is not. The ratio of the two parts also displays the uneven
loadings of workers. When everyone in the team does not feel stressed (Figure 2c), the sand
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4. Pilot study

"17—eZ>0eS—e1'2172 ZE'YZ—Z®0el *1 " 72>1Z®@'+—381S1™
the users’ behaviors and responses to the provided visualization in teamwork under time
pressure.

4.1. Participant and apparatus

Sixteen participants (seven males, nine females) were recruited and divided into two groups:
eight for the static visualization and another eight for the dynamic visualization. For each
visualization, the eight participants were further evenly divided into two teams. The study is
conducted in a meeting room where a projection-mapped clock was installed on the wall. As
shown in Figure 4, the visualization of the projection is controlled by a computer.

4.2. Task and stimuli

Domino game is chosen as a pressure cooker because of the following three reasons. Fir:
domino is a game that participants from various cultural backgrounds are familiar with,
introducing immediate walk-up-and-use system to our study. Second, domino games not
C—e01572872°>71¢722180@"1Z—E 25521725~ ">"i1l “>edle'Z1s’
Se“7@eSceZ1¢SeZe1™"—1'Z1E -™eZ{'e¢1l ¢ 1E —ce*>ZE+""—il
to a team by asking them to complete it within a given period, we can test our system and
obtain initial feedback with this pressure cooker.

SE'1+72S-1 S®e1S®"Z+1«"1 — ®‘1ZSE*'17e1+'Z1+'>2721S®" e
o ZsZ—ele EZee’Z®il ‘Z1 >eeleSe’"l’®le"1E eS¢ >Se71
that can be knocked down in one push. This refers to an easy task that associated with low:
stress status. The second task is to collaborate with each other and make a 3D round towe

Figure 4. Experimental apparatus.
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as shown in Figure 4. This refers to a relatively stressful task for everyone in the team. In the
third task, we divide the team into two groups: one group is asked to build a 3D tower, and
S—"eZ51e5"7™1'@1S®"Ze1e"1¢7’¢e1S1X 1™S8475—1"—1e'21-"
uneven and mutual-dependent stressful tasks performed by each of the two groups in the
team.

The transitions of visualization are human controlled. The stress visualization of all the tasks
started from the stressless visualization (S0). In Task 1, we keep the same visualization unti
the end. In Task 2, we switch the visualization from SO to the even stress visualization (S1
after 1-1.5 minutes the task started without noticing the participants. Similarly, in Task 3,
the visualization was switched unconsciously from SO to the uneven stress visualization (S2)
after 1-1.5 minutes the task started. The stages of visualization quietly and gradually transit
without disturbing the participants. After all the three tasks were performed, an interview is
conducted to gather feedback from all participants.

4.3. User feedback

Static visualization: The static visualization brought peaceful feelings to most participants,
and they reported that it has less interruption of their ongoing work. Half of the participants

0Z&NU1—Z—e'"—Ze1e'Sele'Z¢le'"Z 10210722 —el"ele‘Z1laeSe'
el il T——Z—oe0e1le>"—1™Sse'E'M™MS —eele’"Z1 ele" "l —"!
™S475—@1e'S—1S1ee’eSel” 77 1 ‘Zle'—el 1'"721-"571"ce]
©'721-Se75>’Sei 1 1ES— ¢1'-Se’—71'"" 1E"-Ze1lz™1 'e'le"’1l
~"5Z21S4>SE'VYZ2Zi 1 —Z1™S>e’ E’"™MS—e10 WULIE " —-Z—+Z+1 *;
e’ ESeZlee>rZeedl'el’ed 1 ‘Z>Z ©1S1le"e1"e1™S475— el
Z-™e¢d31®"1YZ>¢1™ZSEZe7221 1 “"®1-2ZS—@1'Seel"elZzelae
—" 1’ ®@1SeeleerZeoeZer 1 —Z10 JUlSe@™1-Z—e¢"—Z+1 1>
7—eZ>eS—ele'ZleesZemlmeSesmi 1 "eel ™Sy’ E" ™S —ece
™SA475—1e 17251 —2Z2>—Se1SE'Y'e’Z®il 12Z+1+'2Z1 S-1
Tetle'Zlee>'™Zel"—711 ZESZeZl'eleZZ1le’" 210" -21"" —>]
it reminds me meditation, like the Zen garden.” Most participants (6/8) claimed that they can
‘Sree¢1SeEe"E 'SeZls'Zl®esZe®l®eSeszoel '+*1+'Z1®S"ELT
in the beginning. Since we intend to apply positive metaphors to visualize something negative
in life, it is necessary to declare the initial intention of the expression in advance. Otherwise,
the expressions will be too abstract to be accepted by the audiences. Overall, the feedbac
shows that the static visualization could help people adjust their inner peace through public
display as a mean of visual intervention. The correlation between the visualization and the
stress needs to be improved since most of them claimed that they did not feel connected to the
V' '®ezSe’£Se'"—1"—1'Z1 > 1™«SEZi

Dynamic visualization: People hold split opinions about the dynamic visualization. Part of
them claimed that they like dynamic feedback, and they felt that it looks like real-time heart
rate, while there are participants who also brought up that the quick changing shapes dis -
>SEe1e'2>1S47Z—+""—1"—1®"-21 S¢il S—¢1™Sse’E ™M S 4
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e"T"e1e’"Z1S10et—<TelTele’—Z1™>sZ0e@®Z>Z11 —Z1 ™SH>e'E&'™S
somebody is telling you that you need to hurry up.” One participant (P4) claimed that it
®C—<"eEZ@1eZ1e>"7™1°7S50155¢7Z1 0el’'ele'Z1e>"7™ @lc ™"~
»SeZi 1 "—Z1 ™S>’ E'™S —e@10X&"NULl0eeSeZele'SeleerZeel
E"™Z1 e 1’ e1«ZESZz0Z1'e1’012——"" E®ZS<eZ2il "51Z{S-™+7
unconscious, it's hard to aware of my feeling that I'm under stress, but when | think about
81 1ES—1E " —e>"el-¢@ZeelS—ele>¢1e"1-S—SeZ1'¢i 1 —1
el E e ZEYZ1l®erZ @l —e"> =S’ T —1 el —el-">71e>
would be more stressed if | see other people is under stress. Stress display might makes m
anxious, that | should be stressed as the same.” In summary, the dynamic stress visualizatior
E " 7ee172S@'eC1leZe1l™Z " ™e7 ©1S47Z—¢'"—1S—+1SEEZR0®E <
that needs to be designed carefully is to what extent the dynamic expression may produce
disturbance to people.

4.4, Summary

The reactions and feedback gathered from the participants suggest the pros and cons of th
e "1Y'®@ZSESe T — @il S EL1Y'®ZSESe " —1+>'YZ®1S1™Z
to balance users’ inner peace, but it could be easily neglected. Dynamic visualization is
more noticeable, but, meanwhile, it might produce unwanted interruption and disturbance.
Constructive suggestions such as customization were also brought up. Some participants
(4/16) mentioned that they expect to see the correlation between their individual stress sta-
tuses from the collective stress information. Alternative expressions in the visualization and
o Z5Z—e1-"eSe’e'Z 001701 "o Z2Z7«SE"1S®1l Z++1Se1l-">Z21S™ ™
suggested in the interview.

5. Discussion

The visualization mentioned herein can be provided based on the data collected from the
calendar or schedule of a team with proper synchronization between the installation and
the global time. However, to tailor the visual experiences as a more proactive and adaptive
design intervention for teamwork, additional sensor data should be considered to give the

©272+«SE"1’—1<2472>1SEEZ>SEE¢1IS—e1rZe™ —®'YZ—Z®®ril
sions regarding reliability and scalability.

Regarding reliability, intrusive ways to sense organizational stress through HRV and EEG
could be relatively stable and reliable indicators of stress. However, their original form

appears to be not very practical in the context of teamwork, because everyone has to put or
o Z1ZY EZ1 “eZ1 "5 —e31S—ele'Z1eZY' EZ 1+ >-1SE*">¢
performances. Therefore, future research can consider developing wearable HRV and EEC
IV EZ®1l —1<Z4751+"5-®©81-S" —ele'Z-1E " —¢">08¢eZ21S—»1
lives and the workspaces to facilitating data collections.
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Regarding scalability, nonintrusive sensing methods such as using cameras and computel
vision techniques track the emotion of multiple workers by tracking their motion and facial
expressions as stress indicators. A possible way to embed sensors is to use accessories t
people need inevitably in their daily lives, such as designing biosensors as smart things (e.g.
pillow, mirror), to minimize intrusions and distractions. The advantages are that multiple
users can be tracked using a single device and the users require no instruments on their body
However, the downsides are that the users are constrained by the sensing range and it may
raise privacy concerns. Hence, the physical form and the data collection mechanisms of the
stress collectors should be carefully considered and designed.

Another scalable solution is to design social interaction platform for workers to report their
stress situations and give suggestions to their peers easily. For example, when the atmospher
"eleZ4 —el7—(E"—¢"5>05¢e781 >"7Z>®@1ES—1872"E"+¢1e‘S>Z1
visualization will be pushed to the potential stressors’ personal devices. In this case, no extra
hardware deployment and maintenance costs are required because human beings can b
considered as sensors of collective stress. This solution can also be considered in the imme
sive AR or VR applications because the visualization can be provided to the users’ wearable
displays.

6. Conclusion and future work

This work presents ClockViz an augmented reality installation applying static or dynamic
™7 Ee " —1"YZ25eS¢®@d1l CE'1S>Z1eZ@’e—Ze1e 157 ZEC1LE"
back visually. Both of the proposed static and dynamic visualizations can be applied in the
environment as an ambient installation that expresses the collective stress information visu-
ally. The results of a pilot study with sixteen participants suggest that the visual information
“elETeeZE'YZ1l®erZeel®eeSei®@le"Z®1l'SYZ1-72S—"—ee7ze1"
cussed the sensing solutions, which may extend the proposed techniques toward more proac
tive and adaptive applications for interactive design interventions for coping with collective
ceesZoeael 'otle’ =201 29725721 H>"1ES—1E" —@’'*Z>1'—YZce+'+S:
people’s internal or external behaviors and how personalization and customization could be
conducted in the next iterations. According to our literature review, there are no interactive
interventions or empirical solutions in the context of collective stress. Hence, we believe that
this research shed a light on a new direction that needs to be noticed and emphasized in the
future research.
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