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Abstract. In a world of connected smart devices where data is easily
available, there is an opportunity to enhance existing technology to bet-
ter adapt towards office workers’ needs. In this work, we explore the idea
of how emotion can be one of many data points to be taken into account
in a room planning calendar environment. We present Emoti-Office, a
system that (1) collects emotional and contextual data in an office set-
ting, (2) considers how to use this data and (3) how to link emotions
with the desired output of a room suggestion or work environment to be
reserved and used. Emoti-Office contributes to the field of office working
research and development by proposing a context-aware and adaptive
design which uses emotions to improve office workers’ environment by
adapting to their needs.
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1 Introduction

One of the key aspects when it comes to the productivity of people in an office
environment is the emotional state. With current technological advancements,
measuring data and controlling elements of office environments already gives
many opportunities, on how to support people in the office environment. Nev-
ertheless, the domain still seems underexplored when it comes to how emotions
can be taken as data input for certain types of decisions and recommendations
in office software and systems.

With the Internet of Things (IoT), everyday objects can have networked
interconnections, allowing for communication with other devices or humans [1].
However, using these data and technologies to improve office settings is not a
trivial task. It requires understanding what the user(s) needs and their desires
are, in a wide range of situations where locations, participants, emotions and
other variables might differ. The research question that this paper focuses on, is
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the following: “How can emotional- and contextual data be gathered and used
with existing technology to adapt office environments to support employees’
working needs?”. This paper explores this design space and proposes a design
concept called Emoti-Office.

Emoti-Office uses self-reported emotional state and calendar data as input.
With this data, office situations can adapt accordingly for both individuals and
groups of employees. This design is relevant because it researches the usage of
existing IoT hardware with emotional input. In a workplace setting, this could
allow for better adaptation of the workplace towards users’ needs. Differentiating
on workplace design has been identified as one of the three major factors that
could improve the performance of knowledge workers [6].

The contribution of this work lays in the field of smart industry, exploring
emotion as a possible element and proposing an initial design for such a system.

2 Related Work

Computers might benefit from knowing the situation of a user during interaction
to adapt the environment more accurately to the user’s needs [11]. More specifi-
cally, emotions have vital roles in background processes (such as decision-making,
perception and creativity), and some subsets of emotions could improve systems
[26]. Traditional inputs for computer interaction ignore the implicit emotional
indicators, which is why they do not provide human-like natural interactions
[29]. Expanding the area of Human-Computer Interaction with the inclusion of
emotional communication and handling of the data is called Affective comput-
ing [24]. The literature there is vast and goes beyond this contribution to be
detailed.

A key fact is that emotions and mental state can influence productivity. Pre-
vious studies show that happiness of employees is positively related to employee
productiveness [3,15,23]. On the other hand, negative emotions are positively
associated with counter-productive work behavior [2]. Emotions can change our
attitude towards our current and next actions [25]. Emoti-Office measures emo-
tions to better understand users, their needs and to let the workplace adapt to
these needs.

For categorizing human emotions, there are two conventional methods: the
discrete basic emotion description and the dimension approaches [18]. With the
basic emotion description, are set numbers of basic emotions, such as research
by Izard, which found 12 basic emotions [12] and more recently Jack et al. who
argue for four basic emotions [13]. With the dimension approach, several dimen-
sions organize emotional responses. Most often valence, arousal and approach-
avoidance (urge towards or away from something) are used [20].

Understanding what people’s emotions are, can be done by deriving these
emotions from the body or by asking participants to self-report. Deriving emo-
tions can be done using facial video and audio [21], heart rate variability [27],
blood volume pressure [16] and head movements [29]. For self-reporting emo-
tions, a wide range of designs have been already proposed in research, with a
2016 meta-review analyzing 40 interfaces from the past 11 years [9].
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Bernhaupt et al. [4] have been doing seminal work in the early 2000s on
how emotions can be integrated in a work environment, asking users to improve
their emotion by smiling to control a game. While such a behavior change might
not always be welcomed by users, a more neutral way to allow to self-identify
emotions to influence for example room booking selection seems appropriate.

For understanding emotions in the office, some work already exists. For
instance, the Mood Squeezer which allowed employees to set emotions to allow
for discussion on emotion [10]. Next to that a system has been proposed to
detect emotions using sensors and then regulate negative emotions in an office
to improve productivity [22].

Both in scholarly writings and in everyday language, the words mood and
emotion are often used interchangeably [7]. However, there are slight differences
between mood and emotion, which will be described in the table below.

Table 1. Comparing Emotion and Mood on different properties [7].

Emotion Mood

Relative duration | Short Long

Intensity High Low

Antedencents Identifiable antecedents | Gradual onset with
cumulative antecedents

Directed to Particular object World as a whole

Feeling Specific feeling states Diffused feeling states

Impact Behaviours and thoughts | Global, pervasive influence
on perception and
motivation

As Table 1 shows, the focus of Emoti-Office lies on mood in office spaces and
how this differs slightly from emotions. However, because both definitions often
are used interchangeably and both concepts are this closely related, this paper
will still refer to emotions as a key term.

3 Design Process

With a focus on using emotions in office situations, possibilities and design needs
were explored together with potential users. The focused user group is office
workers ranging from 18-40 years old. For this reason, the exploration sessions
with users were held in real office situations to provide context. This research
was conducted with approval from the ERB board of the Eindhoven University
of Technology, Industrial Design.
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3.1 Exploration Sessions

To gain a deeper understanding and get additional perspectives, participants
were invited for design ideation sessions [14]. These were structured sessions for
co-constructing stories [5] of what the solution could behave like, set in a focus
group format. Following this methodology [5], participants were first introduced
into the topic and asked for current experiences (sensitization phase). After this
phase, the concept was introduced and participants were asked to write ideal
scenarios where emotions were used in an office context (envisioning phase).
From here, dialogue with the researcher and the participants in a focus group
setup was had on these concepts to come to rich stories, design suggestions etc.
with the group. After a pilot test, the choice was made for sessions with two
participants to allow for more time per participant for in-depth explanations.

From two sessions with participants, the following results were generated
during the discussion of the stimulation phase. Currently participants from both
groups confirmed that (open) spaces were not good locations to allow office
workers to work focused. Next to that, it was found that open office setups do
not allow for having extreme emotions. For instance, participants indicated that
feeling sad or happy could not be openly expressed in such a setting.

From discussing the envisioning phase, several key points for designs were
generated. Firstly, participants stated that the design should help people process
how they feel and support them in their working activities, instead of trying to
change their emotions. From here, the idea arises from participants to focus on
routines that people having in their working days, which could be combined
with the idea of using Outlook calendars. Next to that, participants felt that the
system should be transparent on how your data is used to generate results and
that they would like control over the final decision.

4 Design: Emoti-Office

To understand the working needs of employees in different situations using exist-
ing technology, there are many variables that change an employee’s desired
response. To give a basis for understanding needs, Emoti-Office uses contex-
tual and emotional data. Below, the functioning of the design will be explained
in different sections.

4.1 Emotions

As discussed in the related work, various models on emotions have been pro-
posed. This research uses the emotional model from Ekman [8] which has six
basic emotions. This model was chosen over other work for its large testing in
other fields. Next to the selection of an emotion, intensity of this emotion can
also be selected.

To gather the emotion and intensity from employees, self-reporting was cho-
sen as the preferred methodology. This is motivated from an ethical standpoint
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for two reasons. Firstly, the user of the system is aware that the emotion is
being input and thus has more control over this personal data. Secondly, from a
larger societal perspective humans can express their emotions differently based
on culture [19]. The usage of self-reporting also can have the benefits of being
portable, less intrusive, simple to implement and more accurate [9].

4.2 Context

Dependent on the situation of the employee, different needs might arrive. For
instance, at your desk you have different needs compared to sitting in a meeting
room or joining for a digital meeting. To understand the context, a company
agenda solution such as Outlook could be used. Using the Outlook calendar
event functions' data such as meeting location, participant amount etc. can be
retrieved. For managing resources such as meeting rooms, desks or company
equipment, communication with outlook can also be used. Here, room groups
with labels could be introduced such as ‘silence desks’, ‘talking desks’ and ‘meet-
ing rooms’. These labels could differ per company and it’s needs. This way, dif-
ferent room types for different activities could be booked using existing software
infrastructure. By communicating with existing technology, adoption threshold
of this new system is very low, because of low changes that need to be made in
infrastructure, education and employee time investment.

4.3 Application Design

To combine the elements of self-reporting G o
data, importing context and translating these |enoion  |[sins
into adaptations, an application can be "™ "
used. This allows for entering of emotions
regardless of an employee being close to a —
computer. From exploration sessions, users’ s i
preference towards a personalized and trans- —|seseecoun m
parently functioning system were made clear. | o

To do achieve this, users can set personal |* peTmaTnezone
‘Routines’ that are based on rules from vari- — |wet
ables. For instance, employees who like to sit
at a certain desk on Mondays, or who want to
sit in a ‘quiet space’ when answering emails.
Whilst certain routines can most likely be
applied for multiple people, many routines will
be inherently personal and could depend on professional needs and an employee.
Processing and storage of emotional and routine data, could be done locally to
give employees more safety and security over their data, and to lower chances
of employers viewing or deriving emotional data. A visualisation of data flow

O Routines

D String
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/\ Name String
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Meeting ID Routine String

O || output String

Start DateTimeTimeZone
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Fig.1. Entity Relationship Dia-
gram showing how rules and con-
text determine routine activation.

! Microsoft documentation, last accessed 28-05-2022: https://docs.microsoft.com /en-
us/graph/api/resources/event?view=graph-rest-1.0.
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for this system is presented using an Entity Relationship Diagram which can be
seen in Fig. 1.

Employees could set these routines up in the application. When the system
creates a suggestion, it will show the respective suggestion for each routine.
Users can then accept or deny these suggestions. Denying gives the options of
allowing for one-time deviations, changing the routine outcome or making the
routine more specific. This way, users are aware of how data is used, and have
full influence over the system.

The application interface can be seen below in Fig.2. A so-called ‘Digital
Twin’ asks for current emotion, and duplicates the user’s emotion in the applica-
tion. Sketches for different emotions were designed specifically for this prototype
for copyright reasons, but a platform such as Bitmoji? might be integrated to
show customized digital twins.

caim || Sed || Heppy
angry || scared | | Extced | Create a one-time exception

change rout

Whatis the intensity of this emotion?

- Y'Y

Add additionel rules to the
routhe

Submitrating

Variables
D

A & B E

Fig. 2. Application screens for: A) Home screen with suggestion based on context
B) Rating emotional state C) Digital Twin reflecting current emotion and improved
suggestion D) Options when rejecting routine outcome E) Routine setting screen.

5 Evaluation

To evaluate the initial design, an remote online evaluation was performed by 46
participants (all above 18 years, 25 male, 18 female, 2 prefer not to say, 1 non-
binary). Participants had experience in office situations. Online scenario testing
was done for its feasibility and ability to test with a large and diverse group of
participants.

Three scenarios with the designed system were created, which can be seen in
Fig. 3. Each scenario showed a different element of the system: (A) changing an
existing routine (B) using Outlook meetings to give spatial advice for working
locations and (C) measuring emotion and executing a linked routine.

2 Bitmoji platform, last accessed 28-05-2022: https://www.bitmoji.com/.
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Scenario order was randomized to avoid sequencing effects. After each sce-
nario, the After Scenario Questionnaire [17] was used to understand perceived
task difficulty. After completing the three scenarios, the questionnaire combina-
tion by [28] was used to measure technology and personalization quality, empathy
and behavioural intention for their fit with accessing the relevant features of the
design. Here, the word ‘products’ was changed to ‘space changes’ in questions
4 and 11 to fit the research probe. Then, self-formulated questions were added
to rate perceived influence on working needs, supporting emotions, and compar-
ing situations with and without this system. Lastly, participants were asked to
indicate whether they would use this system, and for reasoning on this choice.

Now, change the 'Working together' routine You can choose different appointment settings, Fill in the emotion and select intensity
(red buttons below) and can see how the Outlook
data influences your recommendation (on phone)

&
C =

Fig. 3. Screen captures from the three digital scenarios: A) Changing a routine B)
Interaction between Outlook and system C) Rating emotional state. Images (before
editing) retrieved from Pexels

5.1 Outcomes

Concept rating on scale combination

Per scenario, after Scenario ! ] [ | S
Questionnaire ratings and
average rating per scenario
were analyzed. Comparing
the average values per sce-
nario, no problems with per-
ceived task difficulty were
found (Scenario A: 5.14 avg,
Scenario B: 5.14 avg, Scenario
C: 5.34 avg). Fig. 4. Boxplots of ratings, color sorted on question

Ratings on the combina- category
tion scales [28] can be seen in
Fig. 4. Averages were all in the mid-range of the 7 point scale and showed overall
rather positive appreciation for the statements.

The final questions on the influence of this design on the working environ-
ment, support of needs in current work environment and the preference towards
using this system were also analysed. The influence of the system leans towards
positive in terms of supporting needs and giving space for emotions. Making
negative —1, neutral 0 and positive 1, gives support in working needs an average
of 0.43 and space for emotions an average of 0.36. Most respondents (65.2%)

Rating number (1=
strongly disagree,7=
strongy agree)

£Bojouye) MaU Sasn
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indicate how working needs are already supported in their current working envi-
ronment. 63% states to prefer having this design in their working environment.
The evaluation thus shows no major usability problems and indicate that the
proposed design is welcome by users.

6 Conclusion and Future Work

Emotions can be an important aspect in a work environment. Emoti-Office
explores the possibility to integrate emotions in a calendar planning system
and was perceived as a welcome addition.

First findings show how this system is perceived to improve working needs
and space for emotions in the office on average. As future work, next to the
contextual elements from Outlook, other data sets (such as weather) and sensors
(such as personal smart devices, connected cars) could potentially be investigated
as data input for such scenarios. Next to that, the addition of more prominently
introducing emotions into the office could have (unforeseen) consequences, and
thus deserves further research.

Next to that, further development and more implemented testing should be
done. A possible limitation is the self-reporting of emotions. On the one side,
users might not be truthful about them [9], however, as long as the emotional
input is enhancing the system, we argue for using emotions to improve the user
experience.

Emoti-Office contributes to the field of smart offices with design space explo-
ration, a design, validation and future work recommendations. This work has
significance in how it could yield existing technologies to further improve the
needs of office workers.

Acknowledgement. The authors of this paper want to thank all participants of the
evaluation study for contributing to this research and would like to thank Bas Goossen
and Giinter Wallner for their input.
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