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Mental well-being in knowledge work has become an emerging issue in workplaces. Stress might
cause several health issues, and thus organizations should make a special effort to support stress
management and healthier workplaces. The Technical Research Center of Finland (VTT) is cur-
rently developing novel ways for workplaces to continuously measure and visualize employees’
stress in the context of knowledge work. Organization Barometer is a tool used to visualize the
current state of employees’ well-being helping teams to intervene in well-being issues before they
escalate. In such personal informatics (PI) systems, information visualization drives an essential
part. As prior research shows good results in implementing metaphors in information visualiza-
tion. However, selecting a suitable metaphor is essential in creating desired experiences through

the system.

Thus, a novel metaphor for visualizing well-being in the context of knowledge work was discov-
ered with a probe study and semi-structured interviews. Two initial visualizations of a desktop
widget were designed based on the defined visual metaphor. Finally, these visualizations were
evaluated to see how they succeed in transferring information and how the target group experi-
ences the concept. The results showed that the designed visualization utilizing the sky metaphor
presenting employees’ moods was experienced as more attractive and pleasant than the more
traditional chart presentation of the same data. Meanwhile, the evaluation gathered controversial
thoughts regarding the inaccurate presentation. The result showed that for some, vague presen-
tation is good as well-being is also a vague concept, while some desired exact data, and had

trouble interpreting the information.

The final desktop widget was designed based on the evaluation results. Metaphorical information
visualization met the set criteria for visualizing well-being data in the shared context of the work-
place. The final design aimed to solve issues raised in the evaluation. However, more research

on the systems’ effects in the real context is needed.

Keywords and terms: metaphorical information visualization, workplace well-being, personal in-

formatics systems, experience-driven design.
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1 Introduction

Knowledge is power is often claimed, and this reflects also to the work field, as there
were 1 billion knowledge workers in the world in 2019 (Roth, 2019). Knowledge work is
a broad term covering any professionals producing knowledge (Eskola, 2018) and so gen-
erating value to a company through their knowledge, not physical work. According to
Aaltonen et al., (2012) knowledge work is mostly non-routine problem solving, and it
demands handling abstract knowledge, constant learning and adopting new knowledge.
IT skills are not necessarily needed, although it is an integral part of many knowledge
workers’ everyday work. (Aaltonen et al., 2012).

Such work is highly intensive, cognitive, and emotionally demanding, which makes
it prone to cause stress (HSE, 2021). Therefore, knowledge work has significantly differ-
ent kinds of exposure compared to physical work. In complex and unpredictable
knowledge work mental well-being is the main concern. Negative and long-lasting stress
may cause several behavioural, emotional, cognitive or physical issues (Michie, 2002)
that may compromise utilizing the knowledge employees have. Thus, not only do physical
injuries disable people but also a rising amount of mental disorders caused by different
stressors in work, cause severe issues on a mental level.

To support well-being employers need to have information on how their employees
are. Currently, in many companies, this is handled with annual well-being surveys which
makes instant interference impossible in most cases. A year is a long time, and this prac-
tice let issues cumulate, or even makes new employees leave the company before being
able to share their experiences in the well-being survey.

Meanwhile, modern sensor technology has made gathering well-being data feasible
in more flexible ways. Several personal informatics (PI) systems have been developed for
stress management for individuals and some for organizations. These systems measure
different kinds of indicators related to stress, such as physical reactions (heart rate varia-
tion and skin conductance) (Baek et al., 2018; Kocielnik & Sidorova, 2015; Vildjiounaite
et al., 2020; Yu et al., 2017) and user behaviour (sleep, social interaction, computer key-
board activity and affective reactions) (Ayzenberg et al., 2012; Hollis et al., 2017; Lane
et al., 2014). In addition, several systems use self-reporting methods independently or
together with sensors (Baek et al., 2018; Hollis et al., 2017; Lee et al., 2020). Recently,
some commercial well-being measuring tool providers such as Oura and Fitbit have wid-

ened their services to the enterprise level by offering companies tools to gather stress data



from their employees’ devices. Nowadays, stress data is not interesting only for individ-
uals, but also companies may advance from it by keeping their most important resource,
employees, healthy.

The motivation for measuring well-being is usually to understand the current situation
and to make impactful changes to habits or practices. The collaborative Mad@Work pro-
ject set up by the Technical Research Center of Finland (VTT) is developing a dynamic
and unobtrusive way to measure employees’ work-related stress regularly throughout the
year. However, the data itself is not valuable. To transform the sensor and self-reported
data into knowledge about the current situation, there has been discovered a need for an
Organization Barometer, which is an actionable real-time interactive visualization that
works as a tool to improve well-being for healthier work communities. The approach is
to make the data available not only for individual employees or managers but for the
whole organization.

There are multiple ways to visualize well-being data. Several existing solutions rely
on users’ interest in numbers and present the information in charts. However, figurative
and metaphorical elements in information visualizations have the potential to transfer
emotions and create meaningful experiences. Nevertheless, evidence shows that figura-
tive elements may increase visual literacy, memorability, and engagement with a visual-
ization. Using visual metaphors is proposed to increase users’ conceptual fluency in in-
formation comprehension. (I. Li et al., 2010). In the PI systems for stress management,
using visual metaphors is still a rather novel approach, and not many prior studies have
discovered its potential in this context.

Thus, this study investigates the potential of using visual metaphors in the stress man-
agement system in knowledge work and its effects on the user experience of the Organi-
zation Barometer. To focus on evoking meaningful experiences, Experience-Driven De-
sign (EDD) approach with Human-Centred Design (HCD) methods are utilized in the
process. Two research questions are formulated to support the research goals:

RQ1: Which visual metaphors could be used to present well-being data in the context of
knowledge work?

RQ2: How desired the designed metaphorical information visualization is experienced
by the target group?

Both questions aim to emphasize the human-centred and experience-driven nature of
the research. They include the idea of understanding users’ needs for information and

suitable representation for the data. The two questions are following each other in the



design process. The RQ1 is the main objective of the study which aims to discover novel
opportunities for enabling visual metaphors in information visualization of well-being
data. The RQ2 focuses on understanding the value and user experiences of a metaphorical
visualization.

In the following, the second section provides relevant background information for the
topic and presents prior work done in the field of mental well-being, digital systems and
information visualization. The third section describes user research used to answer the
RQ1 along with the initial information visualization. The fourth section aims to answer
the RQ2 with the evaluation of the initial information visualization. Finally, section five

concludes the findings by presenting the final designed visualization.



2 Background

To frame the context for the development of the Organization Barometer aiming to
improve workplace well-being in knowledge work, this section addresses the relevant
literature and terminology. First, the context of knowledge work along with the current
well-being issues are presented. Second, prior research on personal informatics systems
in personal and shared contexts as well as the use of information visualization in such
systems will be analysed. Conclusions from these findings derive to define the concept

of visual metaphor.

2.1 Knowledge work and well-being

Knowledge workers are the main target group of this thesis defined by the project
goals described in the upcoming section 3.1. The main characteristic of knowledge work-
ers is the use of analytical, high-level knowledge to develop services or products. The
other viewpoint is that knowledge workers generate value for the company through their
knowledge. They are the next generation of so-called white-collar workers, a term used
to describe persons working in the office by contrast to those who are physical labourers.
(Ricard, 2020). Thus, working life can be roughly seen as divided into two kinds of work-
ers: those who perform physical tasks and those who instead think for a living.

Technology has had a big role in first creating the need for knowledge work, and then
shifting the working environment and skills needed in the knowledge work. New tech-
nologies require a specialist to design and develop them while new technologies such as
robotics reduce routine tasks. This kind of work requires different skills compared to tra-
ditional labour work such as high-level communication skills, the ability to organize the
work independently as well as solve complex problems with creativity and collaboration
(Aaltonen et al., 2012; Ricard, 2020). These demands challenge well-being and occupa-
tional health differently from the physical working environment. Instead of physical in-
juries, mental well-being has been raised as the main concern of workplace well-being in
knowledge work.

In the past, the term well-being has referred to the absence of disease mainly in the
context of physical health. However, the modern approach considers well-being as a
broader concept, involving the physical, emotional, mental, and social aspects (De
Simone, 2014) and it is a combination of feeling good and functioning well (WHO, 2018).
The World Health Organization (WHO) constitute states that, positive mental health is “a

state of well-being in which the individual realizes his or her abilities, can cope with the



normal stresses of life, can work productively and fruitfully, and can make a contribution
to his or her community” (WHO 2018, paras. 1). This definition shows that well-being is
holistic, and it can be affected on mental and physical levels. In the context of knowledge
work, stress prevention is one of the main ways to promote well-being.

A person’s stress can be detected using two methods: asking about the person’s ex-
periences and physiological measurements. Subjective responses to stress are changes in
cognitive abilities (problems in concentration and problem solving) and feelings (anxiety
and fatigue). Stress can also be detected objectively in people’s behaviour (e.g., being
withdrawn, aggressive and unmotivated) and physiological responses (e.g., palpitations
and headaches). (Michie, 2002). As to be presented in section 2.2, measuring physiolog-
ical responses is popular in prior studies among personal informatics systems measuring
stress. However, subjective surveys are currently widely used in several organizations.
The Organization Barometer aims to combine these two methods to develop a novel sys-
tem detecting a person’s behavioural patterns indicating stress.

Workplace well-being, especially stress, is severe but a diverse issue. The character-
istics of modern knowledge work challenge our brain as well as resilience. Maintaining
mental well-being in knowledge work is not alone managers’, team leaders, HR’s or em-
ployee's responsibility, but good well-being is built with cultural and environmental
changes in the work community. These changes are mainly people’s responsibility, alt-

hough this could be supported with technology.

2.2 Personal informatics in a collective context

Personal informatics (PI) system is one approach to support well-being and manage
stress. The field of personal informatics systems covers technologies that help users to
collect personally relevant information and provide actionable data-driven self-
knowledge. The fundamental goal of using such systems is to change behavioural patterns
through self-insights. (van Dijk K. et al., 2017; I. Li et al., 2010). These are also essential
fundamentals of the Organization Barometer, although it aims to cover not only individ-
ual level but pierce the whole organization. This section presents the state-of-the-art of
collecting and reflecting on personal information. Due to the collective nature of the con-
cept, this section investigates some prior studies of PI systems designed for a collective
context.

For the PI systems, I. Li et al. (2010) have defined five stages describing the process

of'adopting and utilizing personal informatics that should be considered holistically in the



design (Figure 1): (1) preparation, (2) collection, (3) integration, (4) reflection, and (5)
action. Each stage also includes barriers that in the worst case may lead a user to stop
using a PI system. Next, the current literature related to the two main phases, collection
and reflection, is presented with the aim of what kind of concerns or design solutions are

related to them.

PREPARATION = COLLECTION = INTEGRATION = REFLECTION  ACTION

Figure 1. Stage-based model for personal informatics systems: barriers in a stage
cascade to later stages. (Li et al., 2010).

Relevant information can be collected in numerous different ways, from users' self-
report in a notebook to automatic sensors measuring users’ physical reactions. Currently,
Organization Barometer utilizes self-reporting applications, and the future goal is to im-
plement unobtrusive sensor tracking. Different indicators used to measure stress were
discovered in the prior work. Biofeedback systems are considered an objective approach
since they measure physical reactions such as heart rate variability (HRV), skin conduct-
ance or temperature (Kocielnik & Sidorova, 2015; Yu et al., 2017). Some systems on the
other hand are using self-reported data about perceived stress or energy levels (Baek et
al., 2018; Hollis et al., 2017; Lee et al., 2020). In addition, physical activity, social inter-
action or sleep can be measured to gain information about well-being in general (Ayzen-
berg et al., 2012; Lane et al., 2014).

Despite these positive results, there are weaknesses in every measuring method. Self-
reporting may cause a barrier in the collection of the data if the user experiences reporting
overwhelming or forgets to report data. Baek et al. (2018) suggest that components of
gamification could be added to motivate users to fill the self-reports more diligently (Baek
et al., 2018). In addition, automating the data collection with sensors may ease this issue.

However, relying on sensor data alone may in some cases cause a mismatch in presented



data and the user’s subjective experience. Stress is a complex experience, and there can
never be absolute certainty of the precise stress level of a person.

The collected data itself is not meaningful if a user is not able to understand it. In the
reflection stage, information visualization is an essential tool to transfer the collected in-
formation (L. Li et al., 2010). There are not many prior studies or knowledge about the
use of well-being data for organizational purposes (Stepanovic et al., 2019). Some com-
mercial product providers such as FitBit (www.healthsolutions.fitbit.com/corporatewell-
ness) and Oura (www.get.ouraring.com/forbusiness) have recently launched enterprise-
level solutions for stress detection along with personal information.

However, despite these commercial applications few studies have reported promising
results in visualizing the stress-related data in the collective context, as it allows group
reflection instead of leaving improvements on individuals’ responsibility. Such ap-
proaches have been presented for example along with the AffectiveWall (Xue et al., 2019)
and the Fishualization (Schavemaker et al., 2014) systems. Group reflection of well-being
data may help gain a better understanding of both self and group level stress. In addition,
it may stimulate discussion among employees about their differences in working habits,
which may contribute to reduced stress and help burnout prevention (Schavemaker et al.,
2014; Xue et al., 2019). In the context of workplaces, this approach may provide social
support for those struggling with stress and help to create a more open culture for the
community.

Although some studies have provided promising results on collective PI systems, pri-
vacy concerns should be taken into consideration when making personal data visible to
the whole community. Xue et al. (2019) discovered that those who have high stress, are
less willing to share their data with others. This may indicate the cultural stigma around
the topic. Stress is considered a weakness or a shame.

Moreover, MacLean et al. (2013) did similar discoveries with their MoodWings de-
vice, which is a wearable butterfly wristband, in which wings move faster and slower
according to the stress level of a person. The system was tested in the context of driving
a car, and it was experienced as slightly intrusive by the participants, especially when
there were other people around. Although the context was not found suitable for this kind
of system, providing instant feedback on the current stress level was considered a useful
approach for stress management. (MacLean et al., 2013).

Privacy is important also from the point of view of the user experience of such sys-

tems. Several studies present solutions for so-called stress-free perception and reflection,



which means presenting the data so that the one sharing it does not need to be concerned
if others around will recognize which data is whose (Xue et al., 2019).

To ensure anonymity Stepanovic et al. (2019) created a Weighted Stress Incidence
(WSIJ) indicator, which communicates “how much stress does an employee in the organ-
ization experience per one hour of device use over a specific day on average”. However,
combinations and averages may reduce the interpretability of visualization, and therefore
they suggest improving separators between various components connected to stress. In
addition, issues among the minority not feeling well may accumulate before they are no-
ticed, if an average employee seems to be fine. (Stepanovic et al., 2019). Aggregating
data from a too big group of people may lead people to feel that their voice is not heard,
and they are alone with their issues.

AffectiveWall (Xue et al., 2019) enabled personal, daily changing avatars to allow
user to remain anonymous while enabling them to explore their personal data. The pilot
test of AffectiveWall revealed that groups were quite eager to compare their results. The
alarming discovery was, however, that some participants voluntarily revealed their ava-
tars which may cause pressure on others to reluctantly do it as well. It may also lead
people of a community to guess who is who, which can cause unintentional pressure and
friction in the community.

In the Fishualization system users’ privacy is warranted by the abstraction level of
the data. Each employee was presented as a fish swimming and moving according to the
actions done at a computer. (Schavemaker et al., 2014). However, the study did not con-
sider opportunities to recognize others or what it feels like to share such information in a
shared context.

PI systems are helping users to consider well-being. Since sensors measuring physical
reactions to emotional states do not yet provide a complete picture (due to the subjective
nature of the phenomenon), most of the current solutions require constant reporting from
the user. Utilizing the PI systems in a collective context, such as in a workplace, is still
quite a novel research approach. The prior research highlights the value of instant feed-
back in PI systems to make meaningful actions. In addition, the special focus on privacy
concerns was emphasized. As information visualization is an essential part of reflecting
and understanding the collected data, an analysis of how information visualization is uti-

lized in PI systems is presented in the next section.



2.3 Information visualization in personal informatics systems for well-being

As stated in the previous section, information visualization is essential in PI systems.
Visual representations of the data help users to understand and interact with it. Thus,
visual representation is essential also in the Organization Barometer. Therefore, it is im-
portant to understand the basic concepts of information visualization, and how it has been
utilized especially in PI systems.

Today the amount of data is increasing exponentially. The data itself is not meaning-
ful, but what kind of interpretations do we make of it. By visualizing data it is possible to
make invisible visible and create an understanding of complex phenomena. As seeing is
the strongest human sense, visual representations are essential in making the data more
tangible. (Koponen et al., 2016).

There are several definitions of different types of visualizations that can be created
based on the data. Koponen, Hildén & Vapaasalo (2016) divides the different types of
graphical presentation based on their objectives as explanatory infographics which tells
a story and exploratory visualizations through which a reader may discover his/her own
story (Koponen et al., 2016).

Concerning visualizations, Byrne et al. (2019) make a difference between data and
information visualizations. They define two fundamental types of visual representation
that are abstract ‘data visualization’ showing relationships between data, and ‘figurative
(iconic) representations’ such as illustrations representing a recognized object. Data vis-
ualization can be considered as a representation without figurative elements, and infor-
mation visualization as a hybrid representation combining abstract and figurative ele-
ments (Byrne et al., 2019).

In addition, data art uses data but it does not aim to offer an unambiguous interpreta-
tion of it. Although the line between data art and visualization is not always clear, visu-
alization aims to explain data structures with a visual presentation, while data art aims to
create new visual structures from the data. (Koponen et al., 2016). Concerning abstract
concepts such as well-being, the question is, whether there is concrete, unambiguous
knowledge to communicate?

Prior work has explored different techniques to visualize PI data. Three main catego-
ries to visualize well-being data were discovered from the literature: (1) timelines & cal-
endars, (2) charts and (3) visual metaphors & analogies. Next, these three visual repre-

sentation types will be analyzed to understand for what purposes different visualization
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techniques are suitable. It should be however noticed that a single application may com-
bine several of these techniques.

A calendar view may reveal temporal changes, trends, and patterns, which can help a
user to anticipate future moods and prepare for unpleasant situations. It also put the data
into context and therefore creates an understanding of why stress has occurred at certain
times. For instance, in the MindForecaster, future events are shown in the calendar view
with green (no stress) and red (stress) marks with past events. While in some applications
prediction is calculated for the user, other applications leave the predictions and pattern
recognition to the user (Kocielnik & Sidorova, 2015; McDuff et al., 2012).

Charts can be considered a core of information visualization and they are used widely
in several contexts visualizing numerical data. Due to the popularity of charts, they are
considered informative and fast to read. Charts are often combined with timelines. The
Stress Guide application visualizes subjective experiences of mental well-being in a radar
chart. Although the actual positive effect of this application was due to the smartphone-
based implementation and interventions provided, the usability testing gave positive re-
sults that the content was overall easy to understand. (Baek et al., 2018). In addition,
Stepanovic et al. (2019) utilized line and bar charts to compare data among different mu-
nicipality offices. The visualization was purely for professional purposes and the main
goal of the visual representation was to create a clear and informatic view for the re-
searchers. (Stepanovic et al., 2019).

An interesting example of how a chart visualization could work as a visual represen-
tation of one’s inner experiences was presented with the AffectiveWall, which visualizes
a huge amount of HRV data into a minimalist round pattern aiming to create a correct
impression of whether a person is experiencing stress or not. By handling the data in
different ways, it was possible to create various round visualizations and patterns. In the
pilot study, three different designs were tested and found out which kind of pattern indi-
cates stress to the users. This could be considered also a good method as users experienced
a sense of emotional connection because the visualization was closely related to their own
experiences and physical reactions. (Xue et al., 2019). Such a connection might make the
system more engaging and meaningful.

By utilizing visual metaphors and analogies few prior studies aimed to discover visual
presentation that resonates with users' inner experience of stress. StressTree transforms
stress-related HRV data into an image of a tree. When a user suffers from excessive stress

for a long period, the tree will become increasingly fragile (Yu et al., 2017). The BeWell+
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application is an animated mobile phone wallpaper in which fishes move according to the
data input as follows: a clownfish mirrors the user’s activity, the ocean ambient lighting
conditions, mirror the user’s sleep duration and a school of small fish mirror the user’s
level of social interaction. The wallpaper provides a quick summary of the current well-
being of the user while it is connected to the person’s actions. (Lane et al., 2014). Simi-
larly, the Fishualization system presents a work community as fishes that move at the
visual scene according to the computer interaction speed (swimming speed), switching
context or task (change of direction) or energy level (height) (Schavemaker et al., 2014).
Schavemaker et al. (2014) discovered that their way of visualizing feedback data is an
intuitive, easily interpretable, and appealing way of gaining insights.

Despite these creative examples, emoticons are probably the most well-known anal-
ogy for visualizing emotions. This approach was utilized in the EmotiCal system (Hollis
etal., 2017). Emoticons are a clear, commonly used, and straightforward way to visualize
emotions. In the previous decade, they have gained popularity and variations among mo-
bile phone emojis.

According to Y. Li et al. (2017), using metaphors in information visualization may
be an effective way to evoke schemas, which saves the working memory’s resources and
avoid information overflow. This phenomenon is known as cognitive fluency (Belke et
al., 2010). Using metaphors in visualizing stress-related data is not popular in the prior
work, although it has been discovered to have positive effects on the user experience of
the PI systems.

Although many of the current information visualizations on PI systems rely on tradi-
tional data visualization, such as line and bar charts, some studies present more abstract
information visualizations. Metaphorical visualizations have been discovered to be a po-
tential way to make the data more comprehendible and the system more engaging due to

the experiences they can transfer to the user.

2.4 Visual metaphors

“Abstract concepts are not complete without metaphors.” (Lakoff & Johnson, 2003,
p. 272)

As visual metaphors are considered novel, but a potential method for creating more
efficient information visualization, this section describes more precisely what are visual
metaphors and how they have been used in information visualizations in general. In ad-

dition, the advantages and criticism of utilizing visual metaphors will be analysed.
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In linguistics, metaphor is defined as a figure of speech that “describes a person or
object by referring to something that is considered to have similar characteristics to that
person or object” (Cambridge Dictionary, n.d.). Similarly, the term simile is used for this
kind of a figure of speech. The difference between these two is, that metaphor claims 4
as B while the simile suggests 4 is like B. However, these two may be blended in some
cases and the line between them is not that clear. (Aldrich, 1968). In addition, the term
analogy can be used to compare two things that have similar features. In this study, the
term visual metaphor is used widely in visual elements describing abstract concepts.

Metaphors can be used to make the target domain (abstract things) understandable
through a source domain (concrete, physical or tangible things) (Hartel & Savolainen,
2016). For example, in the expression time is money, the characteristic of time may be-
come understood through our everyday knowledge that money is valuable. Simplifying,
the target domain can be considered as what we want to communicate, and the source
domain as to how we communicate it. Hartel & Savolainen (2016) suggest that good
source domains for metaphors are something we are well familiar with. Popular topics
are natural elements or daily life objects and for example the human body.

There are different ways and levels of enabling metaphors in information visualiza-
tion. Perhaps the most common, and low-level example is from the history of a modern
computer. When the first computers were developed, new terms were needed to create
for describing something abstract users had no prior experience or knowledge of. For
instance, the terms and icons for a folder, desktop, and search were adopted from the real
world. Understanding new concepts may be helped with metaphors and evoking existing
schemas of a person.

Bateman et al. (2010) suggest that emotions, in combination with visual imagery, may
help readers to anchor chart details in their memory. Therefore, charts that use pictures
rather than e.g. textures, colours, or abstract shapes may create a bigger impact (Bateman
et al., 2010). Thus, it is important to understand emotional responses to visualizations to
create an impactful system that will be recognised.

As presented in the previous section, there are some examples of utilizing metaphors
and analogies in information visualization, such as natural elements, emoticons, use of
colours and calendar views. Colours are perhaps the most common visual cues communi-
cating if something is good (green)/bad (red) or hot (red)/cold(blue). Figurative elements
are often implemented for the visualizations that are related to tangible, concrete real-life

elements. For example, in the chart describing several different kinds of fruits, images of
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those fruits can be implemented to make the charts faster to understand. Emoticons
(known also as emojis) are used to represent facial expressions for emotions. These sim-
ple presentations are common and interprets faster by the reader.

To conclude, a metaphor is a way to communicate and create emotions without words.
To make it impactful and useful, it must be (a) something a user is familiar with, that (b)
create desired associations, and (c) is related to the data and the story created with the
visualization. When considering the Organization Barometer and workplace well-being,
the visual imagery is not as clear as in the fruit example. Due to the complex and abstract
characteristics of the topic, metaphors could be utilized to make the phenomenon easier
to understand. In addition, visual representation drives a big role in the memorability of

the data.

2.5 Summary

This section described what is knowledge work and the phenomenon of workplace
well-being as well as the state of the art of information visualization in personal infor-
matics systems. The focus was on the novel approaches to the phenomenon such as uti-
lizing PI systems in the collective context and enabling visual metaphors in visualizing
such information.

Current stress management solutions are mainly targeted for personal use. However,
promising results have been gained in applying PI methods and principles to social con-
texts. Information visualization is an essential part of PI systems, and thus in Organization
Barometer. There is little prior work on implementing visual metaphors in information
visualization for PI systems, although they are proposed to enhance visual literacy and
memorability of a visualization. Therefore, this study investigates the use of visual met-
aphors in the Organization Barometer and its potential for PI systems for collective con-

texts.
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3 Methodology

This section explains the methods used in designing a novel visualization for a per-
sonal informatics system to support mental well-being in knowledge work. The design
process applied an iterative human-centred process (Figure 2). The overall study had two
main parts: (1) finding suitable metaphors, and (2) evaluating the design solutions. This
section covers the first part, and section four focuses on the evaluation of design solutions

created based on the first study.

Personas
Literature

review

Visual Initial . & Final

o metaphor ® design Evakiation design
User
study
UXx
Goals

Figure 2. The process of designing a novel information visualization to support
workplace well-being in knowledge work.

First, the overall concept and background for the Organization Barometer are de-
scribed. Second, the human-centred and experience-driven approach is described.
Thirdly, a description of the study procedure and a probe study are provided. Finally, the

results of the first user study are presented with two user personas.

3.1 Organization Barometer

This research is part of the ITEA Mad@Work research project at the Technical Re-
search Center of Finland, VTT, involving several stakeholders from Finland and abroad.
The goal of this project is to develop novel human resource management (HRM) solutions
for workplaces, based on continuous unobtrusive stress monitoring.

Current stress management solutions for knowledge work are mainly limited to mind-

fulness and coaching tools for individual use, although stress is often caused by work-
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related problems which cannot be solved on an individual level. To meet this issue, meth-
ods to aggregate data from multiple individuals and visualize the aggregated result are
developed. One of the proposed solutions is an organizational barometer that integrates
information from multiple persons, obtained via analysis of sensor data and user feed-
back.

This research is based on a pilot and prior development by VTT in the Mad@Work
project. Prior research has been done to find means to assess well-being and workplace-
related risks in the VTT’s settings. The current pilot study utilizes the developed self-
reporting desktop and mobile application to collect well-being data for further analysis to
move towards automatic, unobtrusive systems. Along with the analysis, the survey is uti-
lized as a case and context in which the designed organizational barometer visualization

is presented in this study.

3.2 Experience-Driven Design

This study applies collaborative qualitative methods and deploys HCD and EDD
methodology by participating in target groups in several phases of the design process.

The term User Experience (UX) is widely used especially in the context of interactive
products, and there are several definitions of what it means. The common denominator
for UX work is that it refers to the experiences derived from using interactive products or
services (Roto et al. 2010). According to Hassenzahl (2008), nowadays technology use
itself may be a source of pleasure and accomplishing certain tasks with interactive sys-
tems is not enough in today’s markets. As workplace well-being is a highly stigmatized
and sensitive topic, understanding user experience is essential in designing the interactive
visualization for the Organization Barometer.

In practice, User Experience Design (UXD) is not different from Human Centred De-
sign (HCD) which positions the user as a central concern and utilizes user participation
in the design process. However, the factors affecting UX are broader and more diverse
than those in the scope of HCD. While HCD aims to discover what is important to the
target user group (Roto et al., 2010), UXD focuses on emotions aimed to evoke through
interaction. These experiences can be pragmatic (how to do something) or hedonic (why
to do something and how does it make you feel) (Hassenzahl, 2008).

Hassenzahl’s (2018) Model of User Experience (Figure 3) is based on the approach
of hedonic and pragmatic product characteristics. In this model the user experience is

constructed of two parts: from (a) designers’ and (b) users’ perspectives. It highlights the
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subjective nature of user experience. Designers can only design the intended experience
and consequences are something a designer may not plan but try to affect through product
features. Furthermore, experiences are always subjective, holistic, situated and dynamic.
Thus, user experience is not something that anyone can design precisely, but the overall

target of UXD is to design for an experience. (Hassenzahl, 2018).
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Figure 3. Hassenzahl’s (2018) model of user experience is presented from (a) the
designer’s perspective and (b) a user’s perspective. (Hassenzahl, 2018).

The desired product can fulfil the pragmatic and hedonic needs of a potential user.
(Hassenzahl, 2018). Furthermore, Experience-Driven Design (EDD) is to design for an
experience. In the design process, it is implemented to focus on experiential and emo-
tional aspects of product use are in the core (Kaasinen et al., 2015).

By following the EDD and HCD methodology, design discissions are built on aimed
experiences defined through the user study. Next, the first user study and its results are

described.

3.3 User study

The user study was performed to understand the context and variety of knowledge
work as well as understand well-being related phenomena in knowledge work. In addi-

tion, initial concept ideas for the visualization were evaluated in the user study.
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The study was conducted fully remotely in July 2021 due to the COVID-19 re-
strictions. The study followed guidelines for a qualitative user-centred design method uti-
lizing design probes. The study had three phases: (1) recruiting participants and sign-up,
(2) probe tasks, and (3) semi-structured interviews. Recruitment was conducted by using
VTT’s internal and public social media channels. The advertisement asked persons work-
ing in July 2021 to sign up for a user study. Also, a general description of the project aims
and study procedure was given. Information on the participants and the study method is

provided in the following sub-sections.

3.3.1 Design Probes
In this study design probe (according to Mattelmiki 2006) was used to understand the

target group’s work context, their experiences of stress at work as well as perceptions of
initial visual metaphors to be utilized in the Organization Barometer.

A probe is a qualitative user-centred design method based on participants’ self-docu-
mentation. Probes are physical collections of various assignments, in probe kits (contain-
ing e.g. notebooks, cards, stickers or envelopes), through which the users can document
their experiences as well as express their thoughts. It is used for understanding human
phenomena in according to explore design opportunities (Mattelmaéki, 2006).

Mattelmaiki (2006) defines three main characteristics for design probes: (1) user par-
ticipation employing self-documentation, (2) looking at the user’s context and percep-
tions, and (3) exploratory character. Probe assignments are done by users by themselves
in their daily living environment, which allows them to record context-related experiences
more genuinely than retrospectively trying to retrieve experiences e.g. in an interview.
The purpose is to introduce the user’s perspective to enrich design as well as explore new
opportunities rather than solve certain problems. (Mattelméki, 2006).

The probe kit served as a conversation starter and gave space for participants to pre-
pare their thought for the interview. In addition, probes replaced the valuable face-to-face
workshops that were not viable due to COVID-19. The purpose was to utilize hands-on
tasks to give an idea of the target group’s thoughts and create an understanding of the
context. Although probes are recommended to use during a longer period (at least two
weeks) (Gaver et al., 1999) in this case probes were implemented only for four days. This
is because the aim was not to collect longitude contextual information on the daily rou-

tines but rather to collect participants' thoughts on the structured tasks.
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Altogether eight probe packages were delivered to the participants by mail (except
one was delivered by email due to logistic challenges). Each probe contained a set of
varying tasks divided into four days, an instruction and a consent form. In addition, a
return envelope and pen were attached with the materials (see Figure 4). Additional in-

formation on each task is described in the following and Appendix 1.
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Figure 4. All six tasks (and daily reports) were printed and divided into four envelopes.
Participants were guided to open one envelope each day.

Daily report (each day)
These tasks were filled daily. It asked participants to describe their daily working envi-

ronment and mood. Participants were also able to give additional information about their

day.

Basic information form (day 1)

The aim was to collect data on participants’ background, work tasks and industry to be

able to give a context to the further answers.
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Question cards (day 1)
Each small card had a question like “If your dream work culture would be a person, what
kind of person s/he would be?” or “My colleagues are like  , they always _ .” These

questions were aimed to awaken participants to the topics of the following days’ tasks.

My colleagues (day 2)

In this task, participants were asked to fill in the circles with who they work so that those
they work the most with, are closest to the centre and rarely collaborated farther away
from the centre. The purpose of this task was to give an understanding of the social con-

text of the participants.

Software used (day 2)
This task asked which software participants use in their work and to estimate how often
they use them. This task was supposed to provide an understanding of the digital working

environment, which in knowledge work is nowadays essential.

What if? -cards (day 3)
In this task, participants were introduced to the initial idea of the Organization Barometer
for the first time. It discovered how participants experience measuring and presenting

three different kinds of scenarios.

Barometer scenario paper (day 4)

This task was the core of this four-day study since it explicitly focused on the visualiza-
tion ideas. In the A3 paper, there were several smaller questions related to the overall
concept and initial ideas for the visual metaphor to be used in the information visualiza-

tion.

There were five initial visual metaphors: (a) hill, (b) sky, (c¢) barometer, (d) flower field,
and (e) pressure (Figure 5). They were created by empathizing with what stress feels like.
The hill visualizes well-being as climbing up. Better well-being would appear as a higher
position on the hill, and it would represent progress towards a defined goal. The sky uses
elements appearing in the sky to present well-being. The barometer is the original meta-

phor for the concept idea, and it represents the more data-oriented approach. The flower
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field was based on the idea of blooming: a better state of well-being makes flowers grow
bigger. Finally, pressure and burst aim to visualize how stress (pressure) grows: when

there is too much stress, pressure grows too high which causes an explosion.
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(a) hill (b) sky (c) barometer (d) flower field (e) pressure & burst

Figure 5. Initial visual metaphor ideas evaluated.

3.3.2 Semi-structured interview
After filling and returning the probe kits semi-structured theme interviews were con-

ducted for each participant to clarify and specify the answers given in the tasks as well as
confirm the initial interpretations made based on the answers. In addition, was also to
make participants reflect on their answers to the tasks. Questions were based on a person’s
answers to the probe tasks.

All eight participants attended the interviews that were conducted online due to the
COVID-19 restrictions. Each interview took from 40 minutes to one hour. Interviews
were recorded with the participants’ permission and the recordings were transcribed for
further analysis.

The interview questions were grouped around three themes: (1) work context, (2)
stress at work and (3) design solutions. In addition, follow-up questions were asked dur-
ing the interview. The first theme, work context was focused on analyzing the digital and
social environment of the work. Participants were asked to elaborate on the digital tools
used in their daily work as well as to reason their answers in the task asking about cultural
change in the workplace. In the second theme, participants described what causes stress
at work, and what it feels like. The final theme was to elaborate the initial ideas for the
visual metaphor and the concept of the Organization Barometer. In this theme, first, the
overall thoughts about the concept were asked, after which the task paper was gone

through question by question.
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Concerning the visual metaphors, this was the most important part of the interview,
since it allowed participants to explain how they had interpreted the initial ideas for a

metaphor and provide a wider explanation for their answers.

3.4 Results

Eight persons participated in the probe study. Five of them were considered special-
ists and three were trainees (Figure 6). Seven of them lived in Finland. Half of the partic-
ipants worked in the IT industry, mostly in design tasks, and half in other areas, such as
business, HR and education. The age of the participants varied between 21 and 52 years.
The gender of the participant was not asked in the study because comparing gender dif-

ferences were not in the scope of the study.

Specialists (5) Trainees (3)

8

IT HR
Design Business
Education Chemistry

Figure 6. Altogether eight persons took part in the study. Five of them worked as a
specialist in various tasks and industries. Three of them were students working as
trainees.

All the participants described their work tasks as closely related to developing some-
thing new or improving existing. Although the number of participants was rather small to
draw general assumptions, this result may indicate that the nature of knowledge work
demands an ability to create new.

Participants experienced the participation as a good experience, and most of the par-
ticipants told that filling out daily reports was not only helping the study but was also
interesting for personal purposes. Even the small question for four days helped them to

understand better the structure of their working days and experiences related to those.
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Next, an analysis of the results will be analysed under three sub-chapters: (1) well-

being data, (2) user personas, and (3) visual metaphors.

3.4.1 Well-being data

The content of the organization barometer (what is measured) was elaborated in the
user study. Most of the participants approached the content of the visualization by con-
sidering what affects on their well-being, and what is important to them. The question in
the day four task paper asked: What kind of information would you like to have from the
visualization? Participants could choose as many from the ready-made list or add their
own.

The variation between answers was not big. Emotions were considered the most im-
portant since it reflects on everything, for example, how excited people are about their
work. If you see others excited or in a good mood, you could find out how they do it and
discover better ways to do things. One participant noted that for the work culture it is
important to allow different emotions at the workplace: it should be fine, that people are
not always in a good mood. However, several participants recognized that other persons’
emotions tend to affect your mood; if others are feeling great, it mirrors everyone as well
as if people around you are stressed, it may create negative emotions. Knowing before-
hand how the atmosphere is might help prepare oneself for the interaction with col-
leagues.

The rest of the content such as used skills, productivity or content of the work was
seen as important to understand the reasons behind reported emotions. For example, so-
cial interaction, work atmosphere and content of the work were considered to affect both
negative and positive emotions. In addition, the connection between used skills and emo-
tions was recognized by one participant: “Probably the one who uses his/her skills is more

positive” (P6).

3.4.2 Two user personas
The results from the user study were analysed and presented as user personas. Persona

is a human-centred design method used to keep the focus on end-users during the product
design process. Although the method is widely used, there is no clear definition of what
the method encompasses. However, personas are often described as a “description of a

fictitious person” which is questionable, since in an ideal case the persona descriptions
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should present real user data, not based on assumptions. It is important not to look at the
entire person but choose a domain to use as a lens when highlighting relevant attitudes or
context. (Nielsen, 2014).

Two personas were created to make the user study results concrete. Both personas are
knowledge workers, and they present two types of participants: a trainee, who is just at
the beginning of working life, and a specialist who is more experienced in working life.
This division was done as perceptions of working life may change among experience and
perspective.

According to Nielsen (2014) the opinions of what the persona description should
cover differ, and a clear structure does not exist. In this case, personas describe five focus
areas: (1) main (digital) tools used in work, (2) the structure of a general workday, (3)
main work tasks, (4) perceptions of stress related to work, and (5) what kind of a colleague
a person is. In addition, a general description is provided. All the information is based on
the probes and interviews. The information combined with the personas was used as part
of designing the Organization Barometer concept. Next, descriptions of both personas
will be provided.

The first persona, “Santeri” (Figure 7) is a Data Specialist in an IT Company. He is
ambitious in his work. In his work, he considers important the support of his colleagues
and that there is always someone having his back. What makes him feel good about his
job are the chances for self-development and getting recognition. He wants to promote a
more open social work culture at the workplace. His colleagues describe him as ambi-
tious, mindful and interested in others. He also has the characteristics of a perfectionist.

In his work, he is responsible for developing and designing new ways to use data
smarter in other areas of the company. He is the only one in the company working with
this certain task. Although there is a team around, everyone has their responsibilities and
areas of speciality. Therefore, his work is mostly done individually, although it requires
some coordination with others, which means some meetings. Other non-formal meetings,
such as lunch and coffee breaks mainly occur while visiting the office.

The five most used digital tools he uses in his work are Teams, Outlook (email),
Adobe’s software, Power BI and Office software such as PowerPoint and Excel. Com-
munications tools are popular due to the remote work that has become more common.
Other software is essential in the work tasks themselves, and they could not be done with-

out them.
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Stress is caused by undone work tasks which on other hand are caused by new spon-
taneous tasks and sometimes procrastination. In addition, unclear goals, and meters for
success cause stress at work. Proper planning and openness usually help. It is important

to know that something good is going to happen in the future.
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Figure 7. The first user persona is “Santeri”.

The second persona, “Maria” (Figure 8) is working as a Marketing Trainee. She is
open and ready to receive more and more challenging tasks to learn new. She is interested
in how other persons in her team are doing and helps with their tasks if needed. What
makes her feel good about her job is the sense of belongingness. However, she would like
to have more non-formal events with her colleagues. Her colleagues describe her as con-
scientious, curious and social. In addition, she might be considered slightly insecure about
her skills.

She is responsible for small tasks assisting the marketing team. She has got develop-
mental tasks that she needs to do individually and present to the other team. In addition,
she has collaborative projects that are advanced together with team members. The team
has weekly meetings, and all team members are open to help anytime. Her working time
can be roughly divided into three parts: meetings, individual work and collaboration. In
addition, non-formal meetings, arranged for trainees take some time.

The five most used digital tools he uses in her work are Teams, Outlook (email), MS

Office software such as Word or PowerPoint and Intranet. Similarly, as in Santeri’s case,
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Teams and Outlook are used for communication with colleagues. MS Office software are
the main tool for the work, and they are also used collaboratively through Teams (cloud).
For a rather new employee, Intranet is quite a lot used tool to get familiar with company
policies and other information.

Stress is caused by the uncertainty of how to proceed with the tasks given. In addition,
time pressure causes stress, due to the concern if the tasks can be done in the given time.
It is also difficult to know where to start big and challenging tasks. Asking for help for

the tasks helps as well as making a list of all tasks to be done.
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Figure 8. The second persona is “Maria”.

3.4.3 Visual metaphors
Participants' experiences of the five initial metaphor ideas to visualize the well-being

data (see section 3.4) were asked a question “How would it make you feel if the [well-
being] information was presented in the form of hill, sky, barometer, flower field or
burst?” (Appendix 1). Participants had written their answers to the task paper, and those
answers were further elaborated on in the interview. If some metaphors were not under-
stood by a participant, those were explained and discussed in the interview. Out of the
five initial visual metaphors proposed, three were the most desired, one was not under-
stood by most of the participants, and one was rejected by nearly all the participants. Next,

participants’ experiences of each visual metaphor will be analysed.
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The main characteristics of the presented metaphors were goal orientation, care for
others, calmness, and vagueness. Participants considered it important, that the visualiza-
tion should be calm, and not create more stress, as the pressure metaphor might do “It
should rather support the idea that wellbeing is supported rather than ill-being is pre-
vented.” (P2). In addition, instead of focusing on the “individual’s struggle” on working
for better well-being, care for others should be considered: “climbing up [to the hill] is
on an individual’s responsibility, and there is space only for one person at the top” (P6).
Furthermore, seeing that others are feeling stressed may help individuals and teams con-
sider their actions.

The barometer as a metaphor was considered trustworthy and objective but easy to
ignore due to its neutrality. For some, numbers connected to a barometer or any scales
were considered not suitable in this context. Instead, the vagueness of the presented data
was experienced as a suitable approach in this context, as well-being was considered
something that should not and cannot be measured exactly “It would be good to get rid
of numbers in this context, although in a more technically oriented environment it would
confuse.” (P6).

Therefore, the sky metaphor was considered most suitable to resent well-being. Par-
ticipants related quite well to the original nature of the sky, and it was easy to connect to
stress and other emotions. However, the sky is unpredictable, and it cannot be controlled,
which might create a feeling that there is nothing to do about the situation. Meanwhile, it
is everchanging: occasionally it will rain and even thunder, which creates negative feel-
ings, but there is always sun after rain. This side of the sky metaphor was experienced as
hopeful. Overall, most of the participants experienced the sky as a good metaphor alt-
hough few experienced negative the aspect of not being able to affect it.

Due to the abstract nature of well-being, the vagueness of the presentation may be a
positive thing. “I don’t know how exactly you can measure well-being anyways. So
maybe it’s good if it would be quite vague.” (P4).

Participants considered well-being data highly subjective, and the measuring caused
concerns. According to the results, presenting subjective information with numeric values
is questionable. Three participants judged the current well-being questionnaires at their
workplace providing an average well-being stage as a numeric value. They saw this as a
problematic method as there might be minorities needing help and with this method, they
have left aside. In addition, selecting a number in the questionnaire cause confusion. As

P2 described “we have a well-being questionnaire at workplace in which there is a scale
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from one to five to estimate the mood or something like that. I think it is quite a bad way.

I always put five as I cannot think what the actual mood would be if it was four”. This

supports the idea, that abstract phenomenon requires something else than numbers to

make the emotions concrete.

“I would like more about the abstract ways to visualize the data, especially when the

things and themes presented in there are quite abstract.” (P2)

Table 1. Five initial metaphors. Participants' experiences with the initial visual
metaphors were evaluated.

Positive

Neutral

Negative

There are nice
views from the top

Goal-oriented

It is unclear what happens
after the top is reached

Like an obstacle: it feels
hard to climb on top

Hill Creates bad pressure if the
goal cannot be reached
Calm and peaceful | It feels natural that some- | Unpredictable
times there are clouds
and rain, but they go
x away.
Sky
- Predictable Conventional and objec- | Easy to ignore
N\ tive
{ @ ) Creates pressure to have bet-
N ter numbers
=tV
Barometer
Nice and calm - Does not feel relevant to the
context
PR
Ry Might be a too childish wa
8 ° & g y
Flower field

Burst

It is unclear what happens
after the pressure has burst

Aggressive
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3.4.4 Experience Goals

A good user experience is at the centre of successful products, and in the design of
the Organization Barometer, user experience drives a big role in motivation and ac-
ceptance of the system. What good experience means, depends on the context and what
is wanted to achieve with the design. Experience goals are used to describe product char-
acters that are intended to evoke certain experiences while interacting with a product or
service (Hassenzahl, 2018). According to the study by Varsaluoma et al. (2015), there are
several characteristics of a good experience goal. First, it should be expressed clearly and
be precise enough to guide the design. Furthermore, the goal should be achievable and
involve (positive) emotions users have while interacting with the product or service. In
addition, good experience goals are grounded in research or come directly from the end-
user, and it is related to the context of use. Finally, it should be able to evaluate. Experi-
ence goals act as a principle that drives creativity and inspires design, thus they should be
defined at the beginning of a design process, although they can be modified along the
way. (Varsaluoma et al., 2015).

Based on the probe study and interviews, three experience goals for the Organization
Barometer were defined.

1. Calmness: The aim is that the system would share positive experiences instead
of creating more stress. This means that although experienced stress should be
visible, it should be presented so that it reminds us of hope for the future or high-
light positive sides as well. In addition, a calm experience is connected to creating
hope during stressful periods.

2. Relatedness: The system aims to share the sense of community and make users
feel that they are not alone in stressful times. This could help users to cope with
the negative feelings as well as feel success in the positive feelings in the work
community. This is supported by the ability to compare personal and team views.

3. Transparency: Users should feel that the system has an effect, and each em-
ployee is taken seriously. This is supported by constantly updating the view in

which each answer is visualized instead of aggregating data into bigger groups.
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Two general outlines for the presentation of the data were defined: (1) Organization
Barometer is not a data analysis tool, but an indicator of well-being among the work com-
munity, and therefore (2) a detailed number should not be needed to provide, but rather

indicators of directions and trends.

3.5 Initial design

In response to the need of having a visualization that softly presents the data, the sky
metaphor was chosen for visualizing workplace well-being and the emotions employees
have, as emotions were discovered to be the main interest in understanding well-being.
Furthermore, this visual metaphor can be considered to fulfil the requirements set in sec-
tion 2.4.; it is something a user is familiar with, there is a mental link between weather
and mood changes, and therefore it is also related to the story created with the visualiza-
tion. The novelty of a sky as a metaphor in this context provides an interesting territory
for an innovative way of presenting well-being data.

The user study also provided insights into the placement of the visualization. The aim
was to place the visualization so, that it would be hard to forget or ignore. Unlike initially
presumed, an organization’s intranet might not be the most suitable place. Therefore, the
desktop widget was chosen as knowledge work is mainly done with a computer. The
widget would work as a “door” to the broader system and provide bits of information to
get fast and be accessible, while more detailed presentations of the data are placed in the
full application. The popularity of widgets has increased in past years. The latest updates
on the Windows and iOS operating systems seem to move towards more and more mo-
bile-like interfaces and present desktop widgets.

In addition to the data, the widget needs other functionalities to allow a user to interact
with it and navigate to the other information. At this stage, five navigation buttons were
designed for the widget (Figure 9):

1. Timespan: open a calendar to choose a period the data is shown from.

2. Personal / team view: switch the view to show only your moods or moods from

the whole team.

3. Personal dashboard: see more details and data in the Organization Barometer ap-

plication.

4. Self-report survey: open and fill the survey collecting data for the barometer.

5. Pin/unpin: the ability to hide the widget from the desktop (unpin) or keep it open

after opening it (pin).
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- The visualization of moods

Figure 9. Five functionalities were designed for the widget. Header functions modify
the widget view in the header, and navigation buttons that open the full application on
the bottom right.

Transfer correct information in a calm way was at the centre of the design. At this
point, there were two alternative ways to visualize the data, based on which the data was
transformed into the visualization. In both visualizations, the basic elements are the sun,
clouds, and sky colour. Both are based on visual elements and overlays that change size,

colour, or transparency. Two versions are presented in Figure 10.
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Figure 10. The two ways of visualizing the data: A & B. Both had the same data based
on which the visualization is created.

In version A, the number of positive answers is visualized as the size of the sun, calm
answers with the number and size of the clouds and stress with the darkness of the blue
background colour. The clouds are slightly transparent, so an increasing amount of stress
also affects the darkness of the clouds. Version B had a dimmer appearance. As the visu-
alization of a calm mood appeared controversial, this version considered calm as a neutral
state, in which there is only a neutral sky. In this version, the number of positive answers
is like version A. Calm mood is a light blue transparent layer on top of other elements
which gets less transparent according to the calm answers. The amount and darkness of

the clouds increase along with the stress.
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4 Evaluation of the initial design

The evaluation of a design is an essential part of the experience-driven design and
human-centred design process. The evaluation of the initial design may reveal how the
target group is feeling about the concept and does it meet the requirements set for the
design. In this study, the evaluation of the visual metaphor was aimed to answer the sec-
ond research question, and the desirability of the visualization was measured from three
aspects: (1) overall experience, (2) ability to transfer information, and (3) usefulness of

the concept.Next, the methods and results for the evaluation are described.

4.1 Methodology

The design presented in the previous section was evaluated using an online survey
implemented with the Google Forms and shared through social media to gather quantita-
tive data from a wide population. Participants were allowed to answer anonymously. The
survey was targeted at all knowledge workers, but not especially at groups previously
interested in the topic to avoid the pitfall presented by van Dijk K. et al. (2017). They
suggest that the major problem in evaluating PI systems is that the evaluation is targeted
at those already interested in such systems which may cause biased results.

There were altogether four sections in the survey. First, the value of utilizing a meta-
phor in the concept and the effects of the selected metaphor for the user experience was
evaluated using a validated Attrakdiff survey. Moreover, a scenario of the desktop widget
was presented to provide context for the visualization. Here, the data was visualized as a
pie chart. Second, the same scenario was presented, but the same data was in a form of
the metaphorical sky visualization (Figure 11). Both scenarios utilized a validated At-
trakDiff (AttrakDiff, n.d.) survey form to allow comparison and reveal which areas to
improve in the metaphorical visualization. The non-metaphorical data visualization was
considered as a baseline and on which to compare the novel metaphorical visualization.
The comparison was expected to provide answers for what is the value of metaphorical
visualization, and which elements from the non-metaphorical visualization are needed in
the metaphorical visualization. Moreover, the open-ended question studied what kind of

emotions the concept evokes among the target group.
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(a)

(b)

Figure 11. The survey presented two different presentations of the same data: (a) non-
metaphorical (pie charts) and (b) metaphorical (sky) visualizations.

In the third section, the interpretations of the visualizations were asked to evaluate
how well the designed metaphorical visualization success to transfer the information.
Two alternative versions (A and B) of two scenarios (1) mostly calm, and (2) mostly
stressful were evaluated. Participants were asked to evaluate how positive or stressed each
of the four scenarios is on a scale from 1 to 10. The scenario mostly calm was selected as
it was considered complex to visualize; calmness was found neutral but reaching the neu-
tral sky visualization appeared difficult. The scenario mostly stressful is important, as it
is the state in which something should be done and improve well-being. This section also
discovered the usefulness of the widget. Finally, background information was provided
to understand participants’ industry, position and prior experiences. For further infor-

mation on the survey questions, see Appendix 3.

4.2 Evaluation results

The survey had altogether 41 answers. Participants’ background information is pre-
sented in Figure 12. Participants worked in various industries, such as IT (34%), research
(22%) or design (17%). The majority (71%) of the participants did not have any manage-
rial responsibilities. Over half of the participants had more than 10 years of experience in

working life, and only two participants had less than two years of experience.
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Employee (29)
IT (14)

Research (9)
_ s

Position

Industry Other (2)

Other (5)
Team Lead (5)

Design (7) Education (2)

Business (4) I Manager (5)

Figure 12. Participants' background information: industry and position. N = 41.

The value of utilizing metaphor in information visualization and its effects on the user
experience was studied with a validated Attrakdiff questionnaire. Significant differences
between the two visualizations were found. As seen in Figure 13, overall, the Attrakdiff
shows positive results in the desirability of the concept. However, the non-metaphorical
presentation was experienced better in the pragmatic qualities while the value of the met-
aphorical visualization is in hedonic qualities. Based on the comparison, it can also be
considered more attractive. Industry, position nor work experience did not have a signif-

icant effect on how the concept was experienced.
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complicated — — simple
impractical — — practical
o
o
unpredictable — — predictable
confusing — — clearly structured
tacky — — stylish
cheap — — premium
[«
a5
unimaginative — — creative
dull — — captivating
ugly — — attractive
=
<
bad — — good
-3 -2 -1 o 1 2 3
® non-metaphorical @® metaphorical
PQ = pragmatic quality HQ = hedonic quality ATT = attractiveness

Figure 13. The Attrakdiff questionnaire results and comparison between the user
experience of the non-metaphorical and metaphorical visualizations.

In addition to the numerical evaluation, the open-ended question was set to provide
qualitative answers on what kind of emotions such metaphorical visualization may evoke
1.e., how it would make you feel. The open-ended question was analysed using content
analysis to make sure all the answers are treated equally and to avoid bias (Krippendorff,
1989). The answers were coded and set under two main categories: positive (21) and
negative (15). Next, sub-categories connected to positive and negative experiences are
analysed.

The answers considering the metaphorical visualization connected to positive expe-
riences contained adjectives like friendly, cool or happy, which do not provide meaningful
insights. Of all the positive answers, three experienced the metaphorical widget as a nat-
ural way of presenting well-being data: “It connects the work atmosphere with actual
atmosphere”. As the survey had a comparison between metaphorical and non-metaphor-
ical visualizations, quite naturally participants compared them in their answers. Six par-

ticipants indicated that metaphorical visualization is better than the graph presentation
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which was considered a positive answer. “Far more interesting and positive way repre-
senting the same as in previous widget type”. However, some of them were hesitant and
felt that they need to test the concept more before saying how they would feel about that.

Negative answers were connected mostly with experiences like confusion (6) or dis-
turbed (4). Confusion was caused by ambiguous scale and visual elements. These partic-
ipants preferred to see the exact numbers. Some participants did not see the meaning and
purpose of the concept which also caused confusion and made it annoying. In addition,
the desktop widget itself was considered disturbing; altogether 18 participants reported
that they did not want to see any workplace well-being related information on their desk-
top. On the other hand, some of those who did not want the widget on their desktop,
however, found the concept interesting and useful, although the widget is not the right
way to implement it. “This is nice information but not something I would want to have
on my desktop.”. In addition, the visual appearance was experienced as too childish for
the professional context, only by three participants.

Experiences of the concept also affected how useful it was considered. The usefulness
of the concept was evaluated on a scale from 1 to 7. Those who described positive expe-
riences, also considered the concept slightly more useful (average 4,4) than those who
reported negative experiences (average 3,1). Among all participants, the average useful-
ness reported was 4,0, among employees 3,9 and managers 4,5 (Table 2). However, it
should be noted that some were hesitant about the overall concept; six participants (15%)
considered it hard to say without testing the system: “This could increase empathy and
team spirit - or it could snowball into the whole team being discontented and stressed.
Hard to know without using it.” Eight (20%) of the participants did not see the presented
information relevant to them and were hesitant it would take too much time to report the
data: “This is self-reported, and I already know how I feel, I do not need a widget to
remind me.”. In addition, the data security of the monitoring and sharing of such infor-
mation was concerning some participants which makes the system hard to trust. Mean-
while, 39% of the participants considered that the concept would increase understanding
of the well-being: “Gives a good overall view of team mood. Could help with interac-

tions.”
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Table 2. How useful participants experience the concept.

Average (scale from 1 to 7)
All participants 4,0
Manager 4,5
Employee 3,9
Reported positive experiences 4.4
Reported negative experiences 3,1

Apart from the division of negative and positive, weather forecast looking was a con-
cept characteristic mentioned first by nine participants in the open question and later by
75% of the participants in the question with ready set options (Figure 14). According to
the open questions, this characteristic was mainly confusing, as some were afraid it would
be easily confused with an actual weather forecast. However, this characteristic was also
presented in a quite neutral way. Moreover, in addition to this first impression, the con-
cept was also mainly described with positive adjectives ad approachable (44%), soft

(44%) and pleasant (37%) (Figure 14).

Weather forecast-looking | -1
Approachable e 18
soft | N 18
Pleasant s s
Palyful e 13
lllustrative e n
Empathic L
Interesting [
Other I
Different e e
Weird Bl s
Lovely B 2
Great i 1

Figure 14. The number of answers for the questions asking which words would the
participants use to describe their first impression of the metaphorical visualization. The
ready set options were based on the previously collected comments on the design.
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What comes to the experience goals set, calmness seemed to be the only goal that one
met in this study. Those who preferred the metaphorical widget told it is not as stressful
as the non-metaphorical “It feels better. It would make me less anxious.”. Also, partici-
pants selected adjectives like pleasant (36%), soft (43%) and approachable (43%) to de-
scribe their first impressions of the concept (Figure 14) which implicates calm experi-
ences. There was no explicit question about the experience goals to avoid guiding the
answers in any direction. In the open answers, calmness and experiences related to that
were the only experiences participants reported. There were few relatednesses and a sense
of community-related comments, although they were conflicting, and no clear results can
be drawn from them. In addition, transparency-related comments did not appear. How-
ever, more qualitative data is needed to understand how the concept meets the experience
goals set.

In addition to the experience and emotions evoked, the visualization’s ability to trans-
fer desired information was evaluated. The comparison between the two alternative ver-
sions (A and B) reveals how participants interpret the visualization. Visualizations Al
and B1 were aimed to visualize a most stressful period. On a scale from 1 to 10, the aimed
range for this scenario was set between 2 and 4. B1 successfully transferred this infor-
mation, while A1 was interpreted as too positive (Figure 15). Visualizations A2 and B2
aimed to transfer a calm experience, and the aimed range was set between 4,5 and 6,5.
There was no significant difference between these two, and neither of them did not match

the aimed range, as participants interpreted both more positive as aimed (Figure 16).
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Figure 15. Visualizations A1 and B1 aimed to visualize the mostly stressful period.
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Figure 16. Visualizations A2 and B2 aimed to visualize the scenario of a mostly calm

period.

To answer the RQ2, the metaphorical desktop widget is quite desired although a
challenging concept. The major challenges occurred due to the context and selected met-

aphor; the desktop is a challenging space, and the visualization is easily confused with a
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weather forecast. However, these are challenges that can be adjusted in the final design,
as a majority of the participants did have positive experiences with the metaphorical vis-
ualization. In addition, the concept of well-being visualization was seen as valuable, es-
pecially for managers to better take care of workplace well-being. Also, the visualiza-
tion’s ability to transfer correct information is essential concerning its desirability. The
visualization with a dimmer appearance and lower contrast between the sun and dark sky
success better in this. In the final design, a change of the whole appearance and colour
theme is essential, however, all reported emotions should somehow remain visible. In the

next section, the final design created based on the survey insights is presented.
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5 Final design based on the results

The final design aimed to solve three main issues discovered in the evaluation: (1)
the lack of detailed numbers behind the visualization, (2) the distracting appearance that
reminds of a weather forecast, and (3) the visual appearance does not create the correct
impression. The issue of the context was not covered in this space, as discovering the
suitable location requires more investigation. From the two alternative visualizations pre-
sented previously, version B was selected for further development. As there were two
opposite preferences regarding whether the visualization should be number oriented or
ambiguous, the challenge was to find a solution answering both preferences.

To fade the disturbing elements and forecast-looking appearance, the visualization
was made more abstract by placing all the elements communicating stress or positive
emotions under the blurring layer (Figure 17). This way, the visualization appeared even

vaguer.

‘

Figure 17. Explosion image of the widget. Sky elements are placed behind a blurred
layer.

The elements behind the layer are the blue (a) sky, (b) dark clouds and (c) sun pre-
sented in Figure 18. The light blue sky with white clouds presents the neutral state, calm,
which is set on top of all other elements. The transparency of this layer changes according
to the number of calm answers so that if all answers are calm, it covers other elements.
Behind this layer, appears dark clouds which cover other elements accordingly with the
amount of reported stress. Behind this layer, appears dark clouds according to the amount
of reported stress. While stress increases, clouds first turn bigger, after which new ones

appear according to the logic presented in Figure 18. In addition, the dark appearance is
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created with the dark coloured layer changing transparency according to the level of

stress. Thirdly, at the bottom, there is the sun, which size changes according to the number
of positive reports.

(2)

small cloud medium cloud big cloud

1-9% =90px  10-19% =120px  20% = 150px n ”

0% 10% 20% 50% 75%
(b)

100%
100% 80% 60% 50% 40% 20%
(C) 455px 406px 352px 322px 288px 204px

Figure 18. Scales of the elements change according to the data. Calm is visualized with

the sky background (a) that becomes less transparent when calm answers increase. Dark

clouds and dark background colour (b) represent stress. Accordingly, more positive re-
sponses make the bigger (c).

The final improvement for the widget was adding an animation in which the sun and
clouds slightly change place at a slow pace. This way, the visualization becomes more

dynamic. The animation creates a feeling that it is constantly changing, and it is difficult
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to say exactly when there are actual changes in the data. The aim is to maintain interest
longer.

To answer the need of getting detailed information, so-called /ot spots were added to
the visualization (Figure 19). Circles with white lines are placed on top of each element:
the sun, group of clouds and blue sky. By hovering each spot with a mouse, the percentage

of each emotion is presented.

@ B

s 40% positive days

Figure 19. Hot spots to reveal the exact numbers behind the visualization were added
based on the evaluation results.

This concept presents a much-needed novel way to present well-being information at
the workplace, as employees desire more effective tools for well-being management. This
concept provided one solution for making the well-being data visible to the whole com-
munity.

Unlike Y. N. Li et al. (2017) presented, using a metaphor did not increase the cogni-
tive fluency in this study. However, this is not the only characteristic that could be con-
sidered making such a PI system desirable. According to the results, using a visual meta-
phor in presenting subjective experiences as part of a PI system, seem to be a promising
although a difficult approach, as visual metaphors has a potential to make the information
softer and create a less stressful experience, as some might experience following numbers

stressful itself. In addition, as discovered in the first user study, metaphors may motivate
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actions and create gamification for the concept. However, finding the visual appearance
that resonates with all users, and experiences were discovered to be difficult, as interpre-
tations of different phenomena might vary. When using a metaphor, there is a chance of

interpretting the data otherwise than intended.
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6 Conclusions

This study discovered a novel way to visualize well-being data collectively in the
context of knowledge work. The designed PI system was aimed to produce an under-
standing of the collective state of the team’s or organization’s well-being i.e., stress lev-
els. The designed metaphorical visualization was implemented as a desktop widget.

There is little prior work on systems sharing personal well-being data collectively.
However, some studies suggest that group reflection on well-being data may stimulate
discussion between employees about their differences in working habits, which may con-
tribute to reduced stress and help burnout prevention.

Information visualization is an essential part of PI systems as it allows users to un-
derstand issues and create better habits. Prior work suggests, that using metaphors in in-
formation visualization may increase cognitive fluency. However, this approach is not
popular in prior work. Thus, this study focused on discovering suitable visual metaphors
to present well-being data.

The study was implemented with the EDD approach and utilizing HCD methods.
There were two phases: (1) discovering a suitable metaphor, and (2) evaluating the de-
signed visualization. The first phase utilized a qualitative design probe method to under-
stand the target group's daily working life and thoughts of visualizing the well-being data.
The results were presented as two user personas. In addition, the sky was selected as the
visual metaphor.

The designed desktop widget visualized the amount of the team’s self-report answers
as an image of a sky with sun and cloud elements. The visualization utilizes different
weather phenomena with different meanings in the context of emotions and well-being;
dark clouds symbolise stress and negative emotion, clear sky and sun calm or positive
experiences. The concept was evaluated using an online survey from three different as-
pects. First, the value of utilizing a metaphor in the concept was evaluated using a vali-
dated Attrakdiff survey. Moreover, the open-ended question studied what kind of emo-
tions the concept evokes among the target group. Finally, the interpretations of two op-
tional versions were asked to evaluate how well the designed metaphorical visualization
success to transfer the information.

The results implicate that the sky visualization is suitable to present well-being, as
emotional states (stress, calm and positive) are everchanging and vague, as the sky. Some

participants considered this approach ambiguous approach better than clear numbers,
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however, some preferred seeing clear numeric data and considered the visualization child-
ish. In addition, the issue was that the visualization was associated with a weather fore-
cast. Finally, the design was improved based on these findings. The final design allows
users to discover clear numbers behind the metaphorical visualization and the sky ele-
ments were made more abstract to avoid confusion and distraction.

The final design presented should not be considered a perfect system. Although the
study participated overall in a good number of persons from different fields, more re-
search is needed to test the concept in a real context. Although the survey had a good
number of answers, it is a quite limited method, and transferring the real experience using
the system is limited, if impossible.

Future studies should focus on studying the experience of using the system for a
longer period in the daily working life to understanding better the user experience and
how the design meets experience goals set. Furthermore, cultural differences in the sky
as a metaphor were raised during the study. Sky elements and weather phenomena may
have different meanings in different cultures or countries. For example, rain may be a
good thing in warm and dry areas, but unpleasant in northern areas. In addition, different
weather phenomena such as snow, storms and floods may vary around the world. How-
ever, this shows that the sky metaphor offers numerous possibilities for future develop-
ment and opportunities to widen for example the scale and nuances of different emotions.

This study and its several phases have been a good learning process. The most chal-
lenging and important phase, framing the topic was finally successful and guided the work
well. However, as this thesis was one part of the wider Organization Barometer system
staying inside the framed part occasionally felt difficult. It set challenges especially in the
evaluation phase, in which for the participants understanding the whole system better
would have been beneficial. Moreover, the evaluation would have been useful to be com-
mitted as a qualitative field study and allow participants to explore the concept in the real
context, although the COVID-19 restrictions would have set challenges for the arrange-
ments. Overall, the survey managed to meet its objectives, and it secceed in revealing

several main concerns and issues in the initial design.
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Appendices

User study probe kit tasks

Daily report (each day)

Daily report Date:

My workstation is today at

Today my work tasks were

Mocd(s) of the day (draw it}

-51-

Basic information form (day 1)

Basic information

Age

Industry

Title,

My main working tasks (in general):

My role at our work community is.

Motes about the day

VT Technical Research Center 2021

Question cards (day 1)

Best things at my work are..

VTT Technical Research Center 2021

Here’s a pile of
tricky questions.

But don’t be

affraid, take your
time and choose
the ones you find
most interesting.

Write your
answers to any
free space.

What does
achieving
something (at
work) feel like?

If your dream If wellbeing
work culture would be
would be a measurable,

person, what
kind of person
s/he would be?

what would be
a unit for it?

It was
because of
when | felt
pride of my
work.

My work-
place is like

always so

My | often feel

colleagues myself

are like .
s at work

they always because

Appendix 1



My colleagues (day 2)
My work community

Tell us who you work with. Use
titles of your colleagues and place
them on the circles.

Titles? For example: team lead,
manager of the business area,
summer trainee, project manager,
IT support person, cuslomer.

Place persons you work most with
closer to you (in the middle) and
those you rarely meet on the
outer circle

Software used (day 2)

-

Number the softwares you use at
your work according to how often
you use them during your work day.
1 = most usad

__ email

_ intranet

_ Teams {or similar}
__ MS Office

__ data sciance tools
__ Slack

__ Yammer

_ Linkedin

__ Facabook

_ ofher, what:

__ other, what:

_ ofher, what:

What if? -cards (day 3)

-50-

YOou

VTT Technical Ressarch Center 2021
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What if team leaders, managers and HR
would see data of how employees are?

/,\am

chaflanges

How do you think it would affect to you or your work community? Why?

WTT Technical Research Center 2021

What if you work work community would have
a concrete wellbeing goal?

Hiow cio you think it would affeet to you or your work community? Why?

‘What would be a good goal?

VTT Technical Research Center 2021

What if there would be a visualization at my workplace's
communication platforms that informs the state of wellbeing
of our work community?

How di you think it would affect to you e yaur werk community? Why?

-

VTT Technical Research Center 2021

Barometer scenario paper (day 4)

Imagine the following scenario:

In the morming you open your work computer and
go to the intranet. The first thing that attracts you
attention is a visualization showing how you work
community is feeling in general,

How would it make you feel if the information was presented in the form of:

Which experience do you think such visualization
should evoke to make an impact?
Circle the best ones or add your own.

sense that something needs to be done sense of development
care success guilt pressure transparency
pride trust sense of being betler that others

sense that | can get my volee heard

sense that you are able o
make in impact 1o your own
wellbeing

a. hill {climbing up) b sky

How would you feel? How would you feel?

x

<. barometer /| meter

How would you feel?

.

e ® @
° O. 8

K. g
a°®

d. flower field

How would you feel?

. pressure & burst

How would you feel?

Did you come up with other
, ideas or

What kind of effects do you think such
visualization would have? T

What kind of
information
would you like
to have from the
visualization?

“all the infarmation
wotlld ba anonymous

Employees’ experience of thelr... (-/
a. workload

b. skills used at wark

c. emotion

d. content of the work

e. productivity

f. work athmosphere

g. social interaction

h. work attitude

i. reasons behind the previous aspects
j. something else, what:

VIT Technical Research Center 2021
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Appendix 2

Semi-structured interview: general structure

1.

Warm-up

1.1. How were the tasks?

1.2. My perception of your answer is that you are... Do you want to add something
important for you at work?

Theme I: work context

2.1. Digital work environment: how and for what do you use the software?

2.2. [question about working environment issues mentioned in the probe]

2.3. Would you describe your working environment as more social or independent?

Theme II: stress at work

3.1. What makes you feel stressed at work?

3.2. In the stressful situations, what would make you feel better?

3.3. How does it feel to be stressed?

3.4. Do you think that stress and the too big workload of a persona affect somehow
the whole community? How? Why?

Theme III: design solutions

4.1. What was your first impression of the scenario described on that task? Why?

4.2. Why did you think such visualization should evoke [experiences chosen]?

4.3. Tell more about the associations each visualization gave you.

4.4. How would it make you feel if you see that others are feeling opposite to you?

4.5. What kind of things it should represent? Goals, general well-being or more prac-
tical parameters (skills, challenges or workload)?

4.6. What kind of opportunities do you see in this?
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Appendix 3

Evaluation survey questions

1. Scenario
Imagine that you're having the following widget (picture) pinned at your work computer's
desktop (dark blue=stressed | light blue=calm | yellow=positive)

The widget is part of an Organization Barometer, a system that tracks and visualizes the

current state of employees' well-being, such as stress levels, at your organization. The

widget presents how positive / calm / stressed you or your team is feeling at work. The

information is self-reported by employees and it can be shown from various periods. Data is

presented as percentage of all reported answers.

1.1. With the help of the word pairs please enter what you consider the most appropriate
description for this widget visualization.

a)
b)
c)

)]

simple — complicated

ugly — attractive

practical — impractical

stylish — tacky

predictable — unpredictable
cheap — premium
unimaginative — creative
good — bad

confusing — clearly structured
dull — captivating

1.2. How would it make you feel if you had a desktop widget like this?

2. Visualization
The scenario and the data is the same as in previous section, only the visual representation
is different.
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2.1. With the help of the word pairs please enter what you consider the most appropriate
description for this second widget visualization.

a)
b)

j)

simple — complicated

ugly — attractive

practical — impractical

stylish — tacky

predictable — unpredictable
cheap — premium
unimaginative — creative
good — bad

confusing — clearly structured
dull — captivating

2.2. How would it make you feel if you had a desktop widget like this?
2.3. When you know that this visualization is about well-being of you or your colleagues,
what does the following four views tell you?

a)

b)

1= it’s been only stressful, 10=it’s been only positive

1= it's been only stressful, 10=it's been only positive

1= it’s been only stressful, 10=it’'s been only positive
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> &
d) 1= it's been only stressful, 10=it’s been only positive
2.4. Which words would you use to describe the first impression of these metaphorical
visualizations?
a) Playful
b) Soft
c) lllustrative
d) Interesting
e) Different
f) Weather forecast-looking
g) Weird
h) Pleasant
i) Great
j) Lovely
k) Approachable
I) Empathic
m) Other:
2.5. Which visualization would you rather choose for the widget?
a) Metaphorical
b) Chart
c) Neither
2.6. Why?
Background information
3.1. Industry
a) IT
b) Design
c) Education
d) HR
e) Business
f) Other:
1.2. Occupation and/or work title?
1.3. Position
a) Team leader
b) Manager
c) Employee (no managerial responsibilities)
d) Other:
1.4. Years in working life
a) 0-2
b) 25
c) 5-10
d) 10+



