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Abstract

The modern workplace demands more of its employees than ever before as technology assumes a larger
role. In this context, the productivity and wellbeing of the individual as well as the team and the overall
organizations is increasingly important, yet more research is needed to understand them and their relation. In
a set of two research studies, we explored the productivity and wellbeing of software developers in team
dynamics. We first examined the effects of virtual and traditional work environments on knowledge workers
while performing work-related tasks. The qualitative and exploratory quantitative results show that the
closed office and the beach VR are similarly good according to users’ ranking in reducing distractions
and inducing flow, and that these two environments are preferred over the non-VR open office and VR
open office environments. Overall, these results indicate the potential that VR environments have to help
knowledge workers achieve flow and stay calm and focused even in loud open office work settings. Second,
we designed and piloted a multi-month field study in which participants regularly respond to a series
of productivity and wellbeing questionnaires throughout their workday. The multi-tiered data collection
includes hourly, daily, weekly, monthly, and one-time surveys for a better understanding of the fine- and
coarse-grained factors which affect the productivity and wellbeing of software teams. The broader vision
of our research is to better understand productivity and wellbeing on an individual and team level, and to
develop approaches that support professionals in spending their time well at work. By taking a more holistic
approach and incorporating developer wellbeing, we can design more effective strategies for an upwards
cycle of productivity and wellbeing.
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Chapter 1

Introduction

This fable is the story of a poor farmer who one day discovers in the nest of his pet goose
a glittering golden egg. At first, he thinks it must be some kind of trick. But as he starts to
throw the egg aside, he has second thoughts and takes it in to be appraised instead. The egg is
pure gold! The farmer can’t believe his good fortune. He becomes even more incredulous the
following day when the experience is repeated. Day after day, he awakens to rush to the nest
and find another golden egg. He becomes fabulously wealthy; it all seems too good to be true.

But with his increasing wealth comes greed and impatience. Unable to wait day after day
for the golden eggs, the farmer decides he will kill the goose and get them all at once. But when
he opens the goose, he finds it empty. There are no golden eggs — and now there is no way to
get any more. The farmer has destroyed the goose that produced them.

But as the story shows, true effectiveness is a function of two things: what is produced (the
golden eggs) and the producing asset or capacity to produce (the goose).

If you adopt a pattern of life that focuses on golden eggs and neglects the goose, you will
soon be without the asset that produces golden eggs. On the other hand, if you only take care
of the goose with no aim toward the golden eggs, you soon won’t have the wherewithal to feed
yourself or the goose.

Effectiveness lies in the balance — what I call the P/PC Balance. P stands for production of
desired results, the golden eggs. PC stands for production capability, the ability or asset that
produces the golden eggs.

- Stephen Covey

1.1 In Search of Productivity

In today’s fast-paced world, the strive for productivity can resemble a wild race for golden eggs. This
buzzword attracts many knowledge work spheres: companies clamor to lay their hands on the latest tools
and tricks which will enable their employees to become faster, more efficient, and more profitable. A
wealth of research is dedicated to exploring and mining productivity (see Chapter 2). In this research,
productivity is often defined in terms of output per time. And yet, is this the right approach? And is it even
profitable in the long run? Research has shown that while in the short-term, high workload can lead to
a sense of accomplishment and boosted morale, sustained overworking can result in burnout and fatigue.
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While employers may profit in the first few months of increased output, they may find that in the end,
the developers grow fatigued and their productivity drops even below their regular levels. This concept
is illustrated by Aesop’s fable of the Golden Goose, as retold by Stephen Covey. While companies may
succeed in a short-term boost of work output (golden eggs), they will eventually wear out the productivity
capacity of the worker (the golden goose).

Recently more related work has therefore focused on the developers’ perception of productivity [81}/82]
and the factors affecting productivity, including developers’ feelings [46l[84;/110], yet mostly focusing on the
individual and neglecting the team context in which developers work. In our research, we extend previous
work and choose to take a more holistic approach by incorporating wellbeing, team context, and other soft
factors in the understanding of productivity and what effects it. Our research objective is to foster productive
work, taking into account individual and team dynamics.

In this thesis, we present two recent studies which approach this objective from slightly different angles.
As a first step, we look at the potential of novel technologies to boost productivity in a team context.
Specifically, we examine the use of Virtual Reality (VR) technology to foster flow in open office team
environments. Our hypothesis is that using VR to simulate a calming environment can reduce interruptions,
and improve flow as well as wellbeing. At the same time, we are interested in a more broad examination
of the factors affecting productivity and wellbeing from an individual and team perspective. Though
individual productivity and team productivity have been investigated separately, we have yet to understand
the correlation between them. Therefore, as a second step in our research, we examine productivity of
software development teams more holistically, including the different levels of productivity—-team and
individual—their interplay and their relation to wellbeing in the workplace.

1.2 Contributions

This thesis contributes to the growing body of research on individual and team productivity. We present two
studies where we examine different aspects. The first, a controlled lab study with 35 participants, investigates
the effects of virtual reality on a person’s flow and affective states when performing programming tasks. The
second study, which has been designed and piloted, examines the relationship between individual and team
productivity and wellbeing. The larger aim of our research is to harness the power of technology to boost the
effectiveness of knowledge workers through smart practices and innovative tools.

1.2.1 Study 1: Boosting Flow through Virtual Reality

In a lab study, 35 participants performed visual programming tasks in four combinations of physical (open or
closed office) and virtual environments (beach or virtual office). While participants both preferred and were
in flow more in a closed office without VR, in an open office, the VR environments outperformed the no VR
condition in all measures of flow, performance, and preference. The qualitative and exploratory quantitative
results show that the closed office and the beach VR are similarly good according to users’ ranking in
reducing distractions and inducing flow, and that these two environments are preferred over the non-VR open
office and VR open office environments. Further studies need to be run to examine the generalizability of
our quantitative results.

Overall, these results indicate the potential that VR environments have to help knowledge workers
achieve flow and stay calm and focused even in loud open office work settings. At the same time, the results
open up new opportunities for research. Since the preferred work environment is highly individual, we
need to examine which environment is best suited for which situation. Considering the high customizability
of VR and the nearly infinite possibilities for environments, we may be able to tailor the VR work setting
to individual preferences, the task, and possibly even the current mental state of the knowledge worker to
provide the best experience in every moment. At the same time, we need to explore how this technology will
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alter workplace dynamics and social interactions among knowledge workers of the future, due to the current
limitations of the technology.

1.2.2 Study 2: Productivity and Wellbeing in Teams

The modern workplace demands more of its employees than ever before as technology assumes a larger role.
Workers have to perform a broad variety of complex tasks, working in a global and fast-paced environment,
and experiencing interruptions and distractions. In this context, the productivity and well-being of the
individual as well as the team and the overall organizations is increasingly important, yet little is known about
them and their relation. We designed and piloted a 6 to 8 week field stud using a mixed-methods approach
to capture both finer-grained and longer-term productivity patterns, collecting data on productivity—team
and individual level-and on wellbeing. Specifically, we designed and developed approaches to collect fine-
grained experience samples on productivity and wellbeing, daily and weekly diaries of work and productivity
patterns, interviews to gather more in-depth qualitative data from participants on the study period, and a
survey to collect demographic and personality data. Based on the successful pilot, we have now extended
this study to a larger set of participants. We are currently running this study with more than 70 knowledge
workers of 15 teams. The broader vision of our research is to better understand productivity and well-being
on an individual and team level, and to develop approaches that support professionals in spending their time
well at work.

Our thesis is structured as follows: we begin with an overview of related work in the area of produc-
tivity and wellbeing in chapter 1, then present our two studies in chapters 2 and 3, we then briefly discuss
this research and directions of future work in chapter 4, and conclude with a summary in chapter 5.






Chapter 2

Related work

Researchers have examined developer productivity from many angles, technical and subjective, individual
and team, and investigated the factors which affect it. Since interruptions are considered one of the major
impediments to productivity, especially in collaborative work environments, there is also a large body of
research that examines interruptions and the relation to productivity. Below we present the highlights of
existing literature as it is relevant to the different aspects of our work, including research on flow and the use
of Virtual Reality for work.

Quantifying productivity

Companies in recent years have been increasingly investing in the productivity of their employees. Programs,
trainings, workshops - it’s all about productivity. Yet what is productivity and how is it achieved? In its most
basic terms, productivity is commonly defined as the ratio of outputs over inputs, where outputs may be,
for example, product volume and input may be cost or manhours [88]]. This definition may have sufficed
for factory personnel in the Industrial Age, but for today’s Information Era these calculations become more
complex. When it comes to uncertainty, creativity, autonomy, and abstractness, knowledge work highly
differs from the nature of traditional factory labor [3}/32}/37}38]]. For a software developer, these outputs and
inputs become rather murky. In researching developer productivity, several approaches have been employed
in an effort to quantify development work. These include number of lines of source code written (SLOC)
in a set time frame [34}/111]], the number of tasks [[116] or function points [2l|63]] completed per month, or
change requests fulfilled [[25}[83]]. See [81]] for a more complete list of quantifying productivity with technical
factors.

Perceived Productivity

These seemingly objective measures, however, only truly capture a small part of a developer’s work [[107].
This is one factor which motivates us to seek a more holistic approach in defining productivity. Others
argue against measuring productivity at all [68]], especially so because people tend to optimize for whatever
metric is being used — something known as Goodhart’s law [26L|43[]. With technical approaches, productive
work can often be underestimated: for example, a worker developing new skills or mentoring a new hire
does not always bring about immediate tangible output, and time spent in such pursuits can be significantly
undervalued. Much of the community therefore chooses to focus on the perceived productivity of developers,
and what affects it [66}/81,|82]. A recent study by Beller et al. attempts to bridge the gap between these
two schools of thought (automated measure and perceived) with an empirical study measuring both, while
understanding the factors which lead to this variance [[17]]. Past research has shed light on a vast array of
factors potentially affecting productivity. Personal factors include such things as intrinsic motivation [52],
psychological well-being [|27,/105}113]], and work engagement [[12}/114], while organizational factors include
job characteristics [22f, feedback [36], autonomy [36L|101]], and office environments [27] as affecting
productivity. For a further review, see [|54,84,|110].
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Predictive Factors of Productivity

Notably, much research identifies soft factors as playing a role in perceived productivity. For example, aspects
of the job which motivate developers or bring enjoyment were shown to lead to higher productivity and job
satisfaction [|16}/60]. Perceived satisfaction levels of knowledge workers [77]], as well as perceived affective
states of software developers [46]] were further shown to be correlated with productivity and efficiency.
Likewise, developer’s moods were shown to influence performance on certain tasks, such as debugging [[64].
Self-reported satisfaction levels of knowledge workers [77]], and more specifically, self-reported affective
states of software developers [46], have further been shown to be strongly correlated with productivity
and efficiency. Similarly, developers’ moods have been shown to influence developers’ performance on
performing programming tasks, such as debugging [64]. We hope to add to this body of research by better
understanding the relationship between productivity and wellbeing, and how to foster and balance both in an
effective workflow.

Team Productivity

The research community has examined not only factors affecting an individual’s productivity, but the
team’s as well. Software development is a collaborative endeavour and several aspects have been shown
to potentially predict the success of software teams. In a survey of 31 software teams, Lakhanpa et. al
found team cohesion to be the dominating factor when investigating the influence of team cohesion, team
experience, and team capability on team performance [70]]. A recent study of teams working remotely (due
to the Pandemic) found that some predictive factors of productivity included the ability to brainstorm with
colleagues, having less awareness of what colleagues are working on, and having difficulty communicating
with colleagues, and these factors all have a significant relationship with changes in team productivity. Other
factors include satisfaction with social interaction from social activities, while communication breakdowns
on teams are also important factors when modeling change in team productivity [90]. While individual and
team factors have been examined separately, there is a gap in understanding how an individual’s perceived
productivity affects the team’s and vice versa. In Study 2, we design a study to investigate this relationship.

Productivity in the Pandemic

The COVID-19 pandemic has dramatically changed the day-to-day of many software teams. Those accus-
tomed to collocated working, especially, have had to adapt to distributed and often asynchronous working
formats. Ralph et al. [90] summarizes research on work in the pandemic. Early evidence suggests com-
plicated effects on productivity, which vary by person, project and metric [13]]. Some research indicates
that programmers are working longer hours, at an unsustainable pace [42]. Working from home, by itself,
is a major shift for many used to the office space. Generally, working from home is often claimed to
improve productivity [24,33/79] and teleworkers consistently report increased perceived productivity [|15}/39]].
Interestingly, Baker et al. found that organizational and job-related factors (e.g. management culture, human
resources support, structure of feedback) are more likely to affect teleworking employees’ satisfaction and
perceived productivity than work styles (e.g. planning vs. improvising) and household characteristics (e.g.
number of children) [11] . While increasing productivity, “working from home is associated with greater
levels of both work pressure and work-life conflict” [93] p. 92] because work intrudes into developers’ home
lives through working unpaid overtime, thinking about work in off hours, exhaustion and sleeplessness [57].
Moreover, individuals’ wellbeing while working remotely is influenced by their emotional stability (that is, a
person’s ability to control their emotions when stressed). For people with high emotional stability, working
from home provides more autonomy and fosters wellbeing; however, for employees with low emotional
stability, it can exacerbate physical, social and psychological strain [87]]. The COVID-19 pandemic has not
been good for emotional stability [8]]. Research on working from home has been criticized for relying on
self-reports of perceived productivity, which may inflate its benefits [|10]; however, objective measures often
lack construct validity [91] and perceived productivity correlates well with managers’ appraisals [[14]. In
the ongoing Study 2, our participants are almost exclusively working from home, and many are for the first
time dealing with the struggles which come with it. Many impediments to both productivity and wellbeing



are exacerbated in this pandemic time. This makes our research all the more relevant: Which factors are
predictive of developer productivity and wellbeing, and how do these perceptions differ on an individual
level versus a team level?

Interruptions

Whether at home or in the office, interruptions are a perpetual nuisance in collaborative environments such as
the software team. Developers work in teams and often rely on communication and exchange of knowledge
to move forward in their work. Yet, unless well synchronized, this can often lead to being interrupted in the
middle of a task. This is especially true for open offices, which have become increasingly popular due to their
cost-effectiveness. A wealth of research [4,5,9L58-60L711/74,/75,/100,/117] has reached the general consensus
that interruptions hinder productivity. Specifically, people can take over 25 minutes to get back to work after
a brief interruption [74], people tend to make more errors in work after even a brief interruption [5}[71] and
take more time to make decisions [[I00]. Some studies have also explored the behaviour of people when
interrupted and observed that they sometimes delay responding to distractions in order to set up the state of
the task they intend to resume later [60], but that interruptions increase task completion time, as it takes time
to resume the original task [4,591|60], and this increase is particularly detrimental for knowledge work [58].
While multitasking, interruptions have been found to occur on average 7 times per hour, mostly from email
and Instant Messaging alerts (circa 2007) [[60]. A related study found that more task switching led to a
higher chance of getting interrupted [[74]]. In some cases, interrupted work is completed in the same time as
non-interrupted work, but with higher stress (mental cost) [[75]] due to annoyance, frustration, and anxiety
interruption [[9,[117]]. While there has been significant work on understanding how problematic interruption
is and its impact on productivity, our first presented study adds to this body of literature in exploring the use
of Virtual Reality (VR) to address interruptions in an open office environment and foster productive work.
We ask the question: Can VR take away distractions and result in a similar flow experience to that of a closed
office? See chapter 3, where we explore this question in a controlled lab study.

Flow

In reducing distractions, we can help developers foster flow: a psychological state of full engagement
and immersion in a task [30]]. This affective state of complete absorption has been related to notions of
peak performance and peak experience [89]]. Several studies found that certain conditions are necessary to
reach a state of flow, including balance between challenge and skill [28]], the opportunity to learn [30], and
self-control within the task [31]]. Confidence and concentration have also been shown to facilitate flow [[104]].
Flow is also associated with higher performance [40] as well as higher quality of performance [104]. Flow,
as we see, has the potential to facilitate both productivity and wellbeing.

Virtual Reality and Work

Researchers have experimented with a number of technologies with the intent of reducing distractions
and fostering flow. One such novel technology with the potential to induce flow is Virtual Reality (VR).
There are many practical applications of virtual reality, such as 3D modeling, education, and medicine
[23L53L[73L98L{103]]. While these could already be considered “work™ applications, they are typically
specialized uses of the technology to improve some aspect of the work practice, rather than a replacement
for more generic desktop work. There have, however, been some attempts to bring 2D windows into 3D
virtual environments (e.g., [6,/19,/41]]), including commercial applications (e.g., Steam’s Virtual Desktop).
Other work has explored the use of keyboards for common desk work in offices [48,/67,/96], using VR for
mobile knowledge work [49], and the effects of long-term use of VR in office environments [51]].

While the possibility of office work in VR has been explored from a technical perspective, there has
been little work exploring the use of this kind of interaction in VR to mitigate distraction in offices. One
notable exception is the work by McGill et al. [[78] which provides evidence that increasing awareness
of the real world increases distraction from the VR experience, and suggestions for how much reality to
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include in VR. Some work has also shown that VR has the potential to help reduce stress, for example
by simulating nature [108]] or by facilitating meditation [106]. In Study 1, we build on this prior work by
specifically targeting office work (programming) and leveraging VR to mitigate distractions and improve flow.

Through our research, we hope to understand productivity more holistically and to develop approaches
and strategies which take into account individual and team dynamics in fostering an effective workflow for
software development.



Chapter 3

“Transport Me Away™:
Fostering Flow in Open Offices
through Virtual Reality

Open offices are cost-effective and continue to be popular. However, research shows that these environments,
brimming with distractions and sensory overload, frequently hamper productivity. Our research investigates
the use of virtual reality (VR) to mitigate distractions in an open office setting and improve one’s ability to be
in flow. In a lab study, 35 participants performed visual programming tasks in four combinations of physical
(open or closed office) and virtual environments (beach or virtual office). While participants both preferred
and were in flow more in a closed office without VR, in an open office, the VR environments outperformed
the no VR condition in all measures of flow, performance, and preference. Especially considering the recent
rapid advancements in VR, our findings illustrate the potential VR has to improve flow and satisfaction in
open offices.

3.1 Introduction

For knowledge workers, especially software developers, flow [3 I][—characterized by energized focus and
complete engagement on a given task—usually leads to increased productivity and personal development,
even improving life satisfaction. While achieving flow is desirable, it can be challenging, as it requires
an environment, that is “free from distractions” [[95] for long periods of time [44}|85]. Unfortunately,
this particular condition is becoming harder and harder to realize, as modern office life is fraught with
distractions. Text messages, colleagues’ questions, meetings, nearby phone conversations, and myriad other
stimuli bombard office workers with constant interruptions [5.[74].

Because distractions are known to reduce productivity, it seems natural that employers would provide
their knowledge workers with closed offices to minimize distractions. Why then are many employers moving
to the open office concept, especially when it is known to cause distractions [21]]? Unfortunately, because
open offices are much cheaper than traditional, private offices, there is a clear incentive for employers to
move to open offices. “Managers present [moving to open offices] as necessary for greater collaboration and
productivity, but 99% of the changes are really driven by the desire to cut costs” [109].

Fortunately, at the same time that knowledge workers are being forced into distraction-filled open offices,
virtual reality hardware is rapidly developing, presenting a potential solution. What if employers could
continue to implement open office layouts, which save money, while, at the same time, provide a virtually
closed office that offers employees many of the benefits of a traditional closed office?
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Until recently, this concept was a cyberpunk [56] fantasy; headset resolution was low, causing text to
be difficult to read [47]], and headset tracking was poor, causing motion sickness in many participants [65]].
However, recent advances have not only addressed these shortcomings, they have been dramatic enough to
show that, within a few years, VR technology may improve drastically. For instance, the recently released HP
Reverb offers the unprecedented resolution of 2160 x 2160 pixels per eye, making it possible to comfortably
read small text within a headset. Furthermore, a recent review of studies in cybersickness (i.e., VR-induced
motion sickness) show that adjustments to field of view along with a stationary setting (as would be used in a
virtual office) can dramatically reduce motion sickness [92]]. While the authors are optimistic that motion
sickness can be addressed, work in this area of research is ongoing, and we would like to acknowledge that
our suggested solution is dependent on solutions to known issues, such as sex differences [[102]] and further
study of the phenomenon is required, though not the topic of this paper.

While virtual reality hardware is not yet ready for knowledge workers to don headsets full-time, it may
be soon, and this work aims to investigate a future where it is viable. To investigate the potential feasibility
of providing the advantages of closed offices via a VR-based office, we conducted a user study to compare
several working modalities. We asked participants to complete tasks designed to simulate knowledge work
in four different settings: a traditional closed office, a traditional open office (with distractions), a VR-based
closed office (with distractions in the real world), and a VR-based open office (with distractions in the
VR world). By comparing participants’ performance and collecting their preferences, we have gained
insight into the trade-offs that these environments offer. While participants performed more tasks more
quickly in the traditional closed office than in either open office setting, there was only a small difference
between performance in the traditional and VR closed offices. Similarly, while participants had the strongest
preference for the traditional closed office, the VR closed office had a similar usability score, and both closed
offices were strongly preferred over both open offices. We believe these results show potential that, as VR
hardware advances, some of the benefits of closed offices could be brought to open office configurations via
VR.

In our work, we leverage existing literature connecting flow and performance by comparing people’s
ability to get into a state of flow in open office settings and whether the use of virtual reality can help people
to achieve this flow state. We hypothesize that higher flow can be achieved in open office settings when VR
is used to mitigate distraction.

3.2 Study

We conducted a laboratory study to investigate the ability for virtual reality to help deal with distraction in
open office environments. Specifically, we were interested in the following research questions:

RQ1 Does the use of a VR headset to perform work in an open office environment improve flow?

RQ2 Does the virtual scene rendered in the VR world matter, or will any environment do (even one with an
open office simulation)?

RQ3 How close to closed office work can work in VR get?

Our study therefore included four environments to complete work: a traditional open office (baseline), a
VR world with a tropical beach background, a VR world with an open office background, and a traditional
closed office (the ideal being strived for).

3.2.1 Participants

We recruited 11 participants in the USA and 24 in Switzerland. We advertised using posters, university
mailing lists, and university student job postings. The total pool of 35 participants is nearly balanced across
two genders, with 18 identifying as women and 17 identifying as men. Because sex differences in spatial
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Figure 3.1: Open Office setup in a library room in the USA

ability are well-documented and have been shown to transfer to VR [102], we aimed to balance male
and female participants we selected for our study. The participants had an average age of 27.6 years (&
6.7). Among participants, 44% reported currently working in an open office and 89% had little or no prior
experience with VR.

3.2.2 Location and Technical Setup

The study was run in a total of three venues: two in the USA and one in Switzerland. In the USA, six
sessions took place in a study room of a university library and five sessions were run in a
small conference room at a co-working office. In Switzerland, we ran twenty-four sessions in an office
of a university (Figure 3.2). Between the three venues, the setup was similar: each room had windows
and was well-lit. The participant, researcher, and assistant sat together at a large desk, with the researcher
positioned near the participant, and the assistant positioned across. The main experimenter was present at
all locations to ensure consistency (technical setup, room, etc.) and we carefully trained the assistants to
perform distractions in the same way.

Technical Setup. For VR conditions, we used the HTC Vive Pro Eye with the Razer Blade 15 laptop with
Nvidia RTX 2080 Max-Q graphics. An external screen was used to project Lightbot into the virtual desktop.
For the non-VR conditions, only the laptop was used. Participants used a computer mouse to perform tasks,
both in and out of VR. In VR, this meant that participants could not actually see the mouse and hand. Though
this felt somewhat unnatural, in pilot testing we attempted using VR controllers in all conditions (with and
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Figure 3.2: Closed Office setup in a university lab in Switzerland

without VR), and that proved even less natural. We also limited interaction to mouse-only, so there was no
need to reacquire the mouse (e.g., from the keyboard) at any time.

Recordings We ran screen-recording software to document task completion in Lightbot and filmed the
experiment with a GoPro camera in order to review interactions later.

3.2.3 Factor: Open vs. Closed Office

Simulating the open office. The simulation of an open office environment was one of our big puzzles, one
which we considered at length. On the one hand, the conditions needed to be reproducible (across task
sections and between participants). On the other hand, it had to be believable and thus involve live actors.
The resulting setup consisted of scripted interactions between two actors with a backdrop of recorded office
sounds, including snippets of conversation, typing, chewing, humming, rustling paper, and other office noises.
Additionally, for a feeling of authenticity, one researcher and assistant simulated open office distractions.
These included holding a simple conversation, occasionally getting up and walking to get something on
the other side of the room, and other casual actions native to the office. Apart from a slight change in
conversation (to avoid repetition), we practised the distractions to be believable and consistent between
conditions and participants. We felt the result is as reasonable a simulation of an open office as could be
achieved without recruiting more assistants. We include the study materials, including a copy of the audio
track and VR scenes to the Open Science Framework for researchers wishing to reproduce our experiment

Unttps://osf.io/ajx9s/
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Figure 3.3: Virtual Hawaiian Beach, an environment created by Steam from photos of Big Island, Hﬂand
shown here as a panorama.

Closed office. The closed office condition was simpler. The participant stayed in the same room, but
the researcher and assistant stepped outside for twelve minutes while the participant performed tasks. The
participant was instructed to start as soon as the door closes, and to stop when the door reopened on the
researcher’s return twelve minutes later. This way we modified the environment as little as possible, removing
only the people and office noise.

3.2.4 Factor: VR vs. No VR

For all conditions, the participant was seated at a desk and performed their task using only the computer
mouse. For the two non-VR conditions, participants viewed the task on a 15.6" laptop monitor (1080p).
For the two VR conditions, participants put on the HTC Vive headset and were allowed a few moments to
adjust the fit and focus. The desktop screen with the task was projected on a rectangular surface in the VR
environment, so that the participants saw a floating screen before the presented VR background.

3.2.5 Conditions

We combined these factors into the following four conditions:

Closed office (with no VR): This served as the goal state for comparison against the other conditions.
In this condition, the researcher and assistant left the room and gave participants twelve minutes to work
through the tasks alone on the laptop (Figure 3.2).

Open office (with no VR): This served as a baseline to beat. The participant performed tasks on the laptop
with the researcher and assistant seated at the same desk without a headset). An audio track with
open-office noises played in the background while the actors simulated office interactions.

Beach VR (open office with a beach VR environment): Same office setup as above. We used the free
Hawaiian Beach environment from Steam VR (Figure 3.3)), which features a photorealistic sandy beach, blue
skies and palm trees, with wave animations and sounds. The task window was projected in a virtual desktop.

Office VR (open office with a simulated office VR environment): We used a 20-minute recording of a
graduate student lab at the university, filmed using a stereo 360° camera. The virtual environment

2For |[Figure 3.4] and [Figure 3.3| the Lightbot overlay was not captured in the screenshots and was reintroduced manually to
approximate what the user would have seen. The dotted rectangles indicate the user’s approximate field of view.
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Figure 3.4: Virtual Open Office setting, 3D video filmed by the authors in an open office (note: cropped
from full panorama).

features an office setting with four actors who work on computers at their desks and occasionally walk
around, engage in conversation, and perform other actions similar to our live open office experience.

We used a within-participants design and counterbalanced these four conditions using a random Latin
square.

3.2.6 Task

For each condition, participants solved tasks in the coding game Lightbot [115],, featured in Hour of Code.
The fun, progressing challenges make the game a great candidate for inducing flow.The goal of the game is to
navigate a little bot on a 2D board and light up all blue tiles. Rather than typing commands, the player adds a
sequence of premade commands to an execution window by clicking on the appropriate tiles. The game
gets progressively more challenging with a more complex board, new commands, and the introduction of
procedures. With its simple set of commands, the game requires no prior experience and was thus accessible
to a wide audience. At the same time, the programming nature of the tasks requires the same type of
logical thinking that knowledge workers do on a daily basis. These aspects made Lightbot a good fit for our
experiment. After extensive piloting of various tasks, we identified the LB tasks as a good choice that fulfills
these criteria. Ideally, we would have chosen tasks with the same difficulty level to have full comparability.
The variation of challenge in LB tasks made it harder to compare performance between conditions later on,
as we will explain in the results. However, since the concept of flow requires the challenge of the task to
match the increase in the participant’s skill over time, we identified the LB tasks as a good fit. In addition,
the LB tasks assume no prior knowledge of programming, which made them accessible to a broad audience,
and the increase in challenge of the LB tasks kept participants interested.

3.2.7 Procedure

Each study session lasted approximately two hours and had six stages: introduction, four conditions, and
wrap-up.
Introduction. The participant was seated and given an overview of the study. They were then asked to
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Figure 3.5: Box plots of the main effects of environment on the overall flow scale and its nine dimensions.
Post-hoc pairwise differences are indicated (f: p < .08, *: p < .05, **: p < .01) as well as pairs that had a
significant interaction with order for some order of conditions (§).

complete the first six tasks of level one in Lightbot as a tutorial, in order to familiarize themselves with the
program. At this stage, participants were allowed to ask questions if any confusion should occur. This setup
had two variations in order to best match the tutorial to the participant’s first condition. If the participant’s
first condition would be without VR, the participant performed the tutorial also without VR, simply using
the laptop. If, however, the first condition was in VR, the participant performed the tutorial in VR. For this
we used the Steam VR home “Summit Pavilion” environment, which we felt was a neutral option.

Four Conditions. Each participant was randomly assigned one of the four condition orders. For each
condition, the participant started with task one of a new level (Level 2 for the first condition, Level 3 for
the second, and so on). They would then be given 10-12 minutes to work through the tasks, until told to
stop. In the end, we only counted tasks fully completed before the ten minute mark. However, we allowed
participants up to two extra minutes to finish their current task, in order to reduce possible frustration and
avoid negatively impacting the flow score. At the end of the condition, the participant was asked to fill out a
36-question survey on the laptop screen to measure their current flow state. Participants were invited to take
short breaks if needed.

Wrap-up. Upon concluding the four conditions, the participant was interviewed one-on-one with
the researcher for approximately ten minutes to gain an overall understanding of their experience in the
experiment and their preference for the conditions. Finally, the participant filled out a demographics
questionnaire and was paid.

3.2.8 Measures

We measured: flow, task completion, and condition preference.
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Flow Scale. At the end of each condition, participants filled out a flow scale survey based on Jackson
et al.’s Flow Scale Manual [61] to measure the participant’s level of flow and engagement during the
section. The survey measures flow based on nine major factors, e.g. the challenge-skill balance, loss of
self-consciousness, and transformation of time. The questionnaire consisted of 36 statements which the
participants rated on a scale of 1 (never) to 5 (always).

Task Completion. For each condition, we counted the number of tasks fully completed before the 10
minute mark. Participants were actually allowed up to 12 minutes to work through a level in case they were
stuck on a task, in order to reduce potential frustration and affects on the flow measures. However, we only
counted tasks fully completed after ten minutes.

Condition Preference. At the end of the study, participants were interviewed and asked to rank conditions
in terms of how well they focused.

3.3 Results

Our observations suggested that, despite our efforts to use a known-to-be-effective progression of pro-
gramming challenge, the order of Lightbot tasks influenced participants’ experience of flow. We therefore
performed an exploratory RM-ANOVA with the four environment conditions (closed office, beach VR, office
VR, open office) as a within-participants factor that included the order of conditions as a between-participants
factor. Our dependent measures were the nine dimensions of the flow scale, the overall flow score, and the
number of Lightbot tasks completed within each condition. This analysis is consistent with the guidelines of
the Flow Scales Manual [|61], and we note that our choice of RM-ANOVA over non-parametric tests is an
accepted practice [86]. Our post-hoc analyses used the Bonferroni correction.

3.3.1 Flow Scale

While we now know that task ordering influenced participants, for completeness we first analyze the results
without considering task ordering. In this case there were significant main effects of environment for the
following flow scale dimensions: concentration on the task (£3 93 = 6.8, p < .001, n,% =.18), sense of control
(F393=4.9, p <.01,7M7 = .14), and loss of self-consciousness (F3 93 = 3.6, p = .02, 7 = .10). The main
effect of overall flow was not significant (/3 93 = 2.5, p = .06, n; =.08).

Post-hoc tests revealed that the closed office environment was rated higher than open office
for the flow dimensions; this difference was significant for concentration on the task and sense of control
(p < .05), and not significant for overall flow (p = .06). While not statistically significant, closed office was
also rated higher for concentration on the task than both beach VR (p = .06) and office VR (p = .06) and
higher for loss of self-consciousness than beach VR (p = .06). Interestingly, beach VR was also rated higher
than open office for sense of control, but this was again not statistically significant (p = .06). Note that these
differences, even though not accounting for ordering, show a difference between the closed and open office
environments.

Order Effects

As mentioned, the LightBot tasks influenced participants and so we further analyzed our data with this
in mind. While there were no main effects of order itself (£33 < 2.4, p > .09) there was a significant
interaction between environment and order on overall flow score (F9 93 = 2.8, p < .01, n,% =.22) and on

the following dimensions: balance between challenge and skill (Fy 93 = 3.0, p < .01, ng =.23), merging
of action and awareness (Fg 93 =2.2, p = .03, n[% = .18), sense of control (Fo93 = 3.1, p < .01, n[% =.23),
loss of self-consciousness (F9 93 = 2.2, p = .03, n,% = .18), and autotelic experience (Fo 93 = 2.4, p = .02,

n; =.19).
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Post-hoc analyses on these interactions revealed several differences for participants that saw conditions in
the order: open office, office VR, beach VR, closed office. The pattern was that, in this condition, beach VR
was rated significantly higher than closed office for balance between challenge and skill (p = .01), merging
of action and awareness (p = .04), sense of control (p = .03), autotelic experience (p < .01), and overall
flow (p = .02). Beach VR was also rated higher than open office for balance between challenge and skill
(p = .03), sense of control (p = .04), and overall flow (p = .01). Beach VR was also rated higher than open
office for balance between challenge and skill for participants that saw conditions in the order: beach VR,
open office, closed office, office VR (p = .03). When accounting for ordering, beach VR appears to help
users achieve flow.

For sense of control and overall flow, participants also rated the closed office condition higher than both
beach VR (control: p < .01; flow: p = .02) and open office (control: p < .001; flow: p = .02) when they
saw conditions in the order: closed office, beach VR, office VR, open office. Closed office was also rated
higher than beach VR for loss of self-consciousness when participants saw conditions in the order: beach
VR, open office, closed office, office VR (p = .03). As when not accounting for ordering, the closed office
also appears to help users achieve flow for certain orderings.

Summary

Our findings show a tendency that participants were most in flow in the closed office environment, followed
by the beach VR environment, and least in flow in both the office VR and open office environment without
VR. However, while the closed office led to significantly higher flow than the open office, the other differences
were either not significant or only true for specific orders of presentation of the conditions. While this
tendency is not strong statistically, it is fairly consistent, and it is corroborated by our qualitative findings
(see below). The qualitative findings also shed light on possible reasons for the lack of clearer differences.

3.3.2 Task Completion (Order Effects)

There were no main effects of environment (£3 72 = 0.1, p = .94, n; = .01) or order (F1 24 = 1.2, p = .33,
175 =.13) on number of tasks completed. There was, however, a significant interaction between environment
and order (F9 72 = 9.9, p < .001, n[% =.55). Pairwise post-hoc analysis revealed that for every order, the
final condition seen by participants always had the fewest tasks completed, and this difference was significant
(p < .05) for all but three pairs.

Summary

It should be noted that Lightbot tasks are not designed to be equivalent in duration; however, the number of
tasks completed can be considered an indicator of difficulty. This analysis therefore highlights that difficulty
related more to the order of levels in Lightbot than to the conditions in our study. While on the one hand, this
could be thought of as a confound in our study (flow depends on the level of challenge) and we encourage
the reader to consider our quantitative findings to be exploratory, the fact that the flow dimension analysis
did not have this same last-condition dominance lends more weight to the observed effects of environment
on flow. Specifically, in the flow analysis, the environment condition accounted for more of the variance and
participants consistently rated closed office highest, followed by beach VR, then office VR and open office;
conversely, in the task completion analysis, the Lightbot levels were a better predictor of difficulty.

3.4 Interview Findings

Based on the transcripts of the semi-structured interviews with all participants, we derived participants’ pref-
erence ranking for the four conditions and two authors performed a thematic analysis [20]] and independently



18 Chapter 3. “Transport Me Away”: Fostering Flow in Open Offices through Virtual Reality

* *

closed (1.63) =~! 8 19 32 —
beach VR (2.02) =10 12 | 8 B = J
office VR (3.27) 41 14 13
open (3.09) 11 8 13

1st  2nd 3rd 4th

Figure 3.6: Rankings per condition (Mean Rank from Friedman’s ANOVA indicated in brackets). Lines
between conditions indicate significant pairwise differences (**p < .001).

coded the statements of all study participants. Both authors identified emerging themes in the data, and
discussed and merged them iteratively. In the following, we report on the results and the main themes and
observations.

3.4.1 Preferred Conditions

As part of their post-experiment interview, participants were asked to rank the four conditions according to
preference. We received a complete ordered ranking for 30 participants, partial rankings for two participants
who considered two conditions equal, and no ranking for one participant who felt that all conditions
were equal. We performed a Friedman’s ANOVA to compare ranks (Figure 3.6), which was significant
(x*(3) = 37.5, p < .001). Post-hoc tests revealed that both closed office and beach VR were ranked higher
than office VR and open office environments (all pairwise differences p < .001). There was no significant
difference between closed office and beach VR (p = .27) nor between open office and office VR (p = .53).

The high rankings of the closed office and the beach condition were supported by many positive comments.
For instance, participants stated that the closed office “was silent and I could focus the best” (Z14) and “it
was very easy to stay focused” (S10) in it, and for the beach VR condition that it was their “favorite” (S12)
and that in “the beach VR [they] could do a lot more, like fully concentrate” (Z21).

These positive comments contrast with the mainly negative comments from the open office conditions.
For instance, for the open office without VR one participant stated that “that was my least favorite because [
could hear you clearly, and I didn’t like it. As well, I was like... I was trying to focus, but then I was also
listening to you too, so that’s why I don’t like it.” (Z05). Another participant elaborated, saying:

“I mean it’s really night and day [between the closed and open office]. At some moment in time [in the open
office setting], one of you shared a meme with the other person. Immediately, became more interested in
that than what I was doing I was like ‘I want to see too.” That’s why I leave the office.. because.. I just need
focus.” (S03)

The lack of difference between the closed office and beach VR condition is also supported by the similarity
in participants’ comments about these two environments. For instance, participants commented for both
conditions that it was easy to stay focused in them because “there just weren’t any distractions” (S10) in
the closed office and that they were “not really aware of anything else in the beach” (S02). Similarly, the
comments on the open office and open office VR conditions overlapped often, since they focused a lot on
the experienced distractions, such as the background noise that “was the worst” (Z09) as someone stated or
another one saying “when there were background noise or talking, that’s where my mind was sometimes
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going back and forth” (Z21). This contrast in experiencing distractions or not further illustrates the preference
of the closed office and beach VR conditions to the open office and open office VR condition.

The closed office and beach VR conditions were both significantly preferred over the open
office and open office VR conditions.

3.4.2 Distractions

Participants mentioned an array of impediments to achieving focus and flow. In general, they differentiated
between auditory distractions, such as people talking or chewing nearby, and visual distractions, such as
people walking by. There are, however, also other more subtle sources for distractions, such as feeling of
someone “looking at you” (S02) or “too many things that [you] can do” (Z02) in the place you are in. Overall,
auditory distractions were mentioned the most and were in many cases also perceived as more distracting
than visual ones: “in the end, I will look at my screen and if I am focused, I will ignore what is happening
outside of my screen so to say, but the noise is harder to cancel out I think.” (Z20). What was considered an
auditory distraction depends on factors, such as the familiarity of the people talking or the content of the
conversation:

“It depends. If it’s just background noise then it’s fine. If it’s really a conversation that I may be even a
bit interested in, like your cat. I was like "what, someone is talking about cats?!". So I automatically pay
attention to that so that’s distracting. If it’s just background noise, it’s fine. So in terms of distraction, 1
would say interesting conversations are the worst distracting, [more] than movement and than background
noise.” (Z03)

At the same time, how distracting something is perceived is very individual and task dependent. While some
prefer “to be in a quiet environment alone” (Z19), for others it can be “too quiet” (Z07) or ““so silent [in the
closed office that they] didn’t like it very much” (Z06). Several participants stated that they like working in
environments where there is white background noise, such as a coffee shop or library, or they listen to music,
mostly without lyrics, such as “soundtracks from video games” (Z13). Such constant noise can help to block
out distractions: “I usually always listen to music .. then I can’t hear others making noise with their papers
and stuff” (Z02). Similarly to the individual differences, the type of task has an influence on the perception
of distractions and what works to block them out, as for instance one participant stated “it really depends on
the task. But I either seek out complete silent or coffee shop where there’s like background noise” (Z09).
Participants often mentioned adjusting the music and listening behavior to the task: “When I study for an
exam, I don’t listen to music. But when I write a report for a laboratory, or stuff like that, then there’s always
music” (Z07). Finally, the perception of certain sources as distractions can also change over time and the
tolerance threshold can increase:

“I didn’t use to, but I think I've gotten use to it. Now I can focus quite well. I still prefer no one around me.
When I was at uni I would always go to the silent bits of the library, where no one is talking, and even the
smallest distraction would really annoy me. But having work now, I think it’s much easier to focus in an
open office, just block it out.” (Z24)

Furthermore, the effect of the distraction varies strongly, including people losing focus and concentration,
their “mind ... wandering off” (Z21) and they switch away from their work task: “I have very good peripheral
vision. So, I have a hard time not looking up or leaning towards an object, therefore distracting myself”
(S§12). Participants also mentioned getting frustrated and annoyed, which in turn impedes them from getting
into flow and decreases their focus at work.

Distractions are often of auditory or visual nature and their perception and effect varies by
individual and task.
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3.4.3 (Beach) VR Effects

In our interviews, participants commented often on the effects of the VR, in particular the beach VR condition.
Most participants noted that the beach VR helped them focus, to “wash away” (Z07) and reduce external
interruptions or distractions: “I was more focused with the beach I would say. I was able to focus ... I didn’t
even notice you guys were there” (S03), or “suddenly [in the closed office] I caught myself looking around a
bit, and just looking at the office, and just getting annoyed by the computer sounds, like the air ventilation of
the computer, and that was all gone in the beach setting.” (Z07). By placing users in a different environment,
it also reduced the options for self-distraction that exist even in quiet rooms:

“It would take me away from my reasons for not liking to study or work at home, because it is a home
environment, and I always [think]... ‘I’'m going to go to the bathroom. Oh, my bed is right there. I'm going
to sleep,” which is not a good thing. So, if  were to wear a headset, it would at least transport me away from
my bedroom, even though I'm in my bedroom.” (S12)

Additionally, participants valued the feelings and mood the beach environment induced, such as a feeling
of calm and being relaxed and commented on the importance of the kind of VR environment used: “the
beach one. It just affected my mood, sitting around the beach, and some nature environment feeling. And
then, this way, I could concentrate better. The VR environment is very important” (Z21). Several participants
also explicitly mentioned the positive effect of the feeling of not being watched in the beach environment
compared to the others: “because I felt that I was [alone] and nobody was watching me and it was quite
relaxing to see the beach.” (Z15). Finally, one participant also commented on the ability of the VR
environment to foster creativity since in the right environment “your brain starts to think in other way[s]”
(Z223).

However, three participants also explicitly mentioned that the beach environment itself can be distracting,
since “you are not in a working environment, that makes it less focused” (Z14) and the beach “was just not
the place to be on the computer” (Z17). A further negative effect mentioned with respect to the VR is the
social detachment, since the VR “detach[es you] so much from everybody else socially” (Z13) while it is
often good to have some people around for work for social reasons.

VR can reduce distractions and increase well-being for many, but it matters a lot which VR
environment is used.

3.4.4 VR Usage Experience

When asked whether they would consider using VR for short periods each day, many participants commented
that they would for specific tasks, but that, especially due to its comfort, they wouldn’t wear it for all day and
that it also depends on which other environments are available. One participant, for instance, mentioned

“I mean, like for a few minutes, 20 minutes. That would be no problem, but I think if I had to wear this the
whole day, it would be too heavy. If it would advance in a technical way, like weigh less and high resolution,
I could imagine wearing it all day. Yeah, if it’s not physically a disturbance.” (Z20)

Overall, many participants stated that the VR was comfortable enough for short periods of time, however,
several issues were also raised about the experience wearing and using the VR and its comfort, in particular
with respect to its weight, its heat, the blurriness at the edges, the eyes hurting after a while and for two
participants also the dizziness they experienced in the VR condition.

VR is an option for most but only for shorter time periods, especially due to comfort concerns.
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3.4.5 Varying Task Difficulty

Independent of the conditions, we also asked participants about their experience performing the given tasks.
While many enjoyed the tasks, stating, for instance, that they “liked [them] quite much” (Z16) and that “it
was fun” (S03), most participants commented on the varying level of difficulty of the tasks and that the
later ones were more difficult. While some considered the increasing difficulty level a fun and engaging
challenge, “The beginning I felt like, a little more bored, but the later ones I was definitely very engaged. So
the more challenging tests were more engaging.” (S10), others even perceived it as frustrating and annoying,
for instance, “I was into it at first, but then when I got to the ones that I couldn’t do, I just was like, ‘Let’s just
keep it going on repeat until the 12 minutes are over.” (Z24), or “Except for the last one, it was fun actually.
1 liked them. Just the last one was really frustrating.” (Z06).

Our study tasks were generally well-suited for keeping participants engaged, however, partici-
pants perceived a significant increase in their level of difficulty.

3.5 Discussion

The goal of our study was to examine whether we can create a VR environment for an open office environment
that provides similar benefits to that of a closed office for work. The qualitative and quantitative results of our
study show that this idea has potential. Our qualitative results show that participants have a clear preference
for the beach VR over the open office and open office VR conditions, as seen in the interviews from both
countries. Our exploratory quantitative analysis provides evidence that further supports this observation,
yet task ordering and task difficulty clearly had an effect on results. In the following, we will discuss the
implications of our research.

3.5.1 Overcoming Workspace Limitations

Extensive planning goes into the creation of today’s workplaces to best support knowledge workers. At
the same time, companies have limited resources in terms of space and money, and despite the knowledge
that open office workplaces can reduce workers’ satisfaction and productivity, many companies have or
are moving towards open office work environments [21]. One way that some companies are trying to
overcome the increased number of distractions in an open office environment is by providing noise cancelling
headphones or mounting white noise speakers in the office. Yet, since the distractions that knowledge
workers experience in an open office are not just auditory, these solutions only partially address the problem.
The results of our study show that we might be able to take advantage of VR, at least for certain periods
of time, and “transport” the knowledge worker to a more desired work environment, regardless of physical
space limitations. With the recent advances in VR technology there is a huge potential to better support
knowledge workers in the future, especially where closed offices are not a viable solution. Even outside of
the office, such as the home or the airport, where the distractions are of a different nature, we believe this
approach could improve focus.

3.5.2 Tailoring the Environment to the Individual and Task

The data of our study shows that the details of an ideal work environment are dependent on both the individual
and the task. While some participants prefer complete silence in a closed space, others prefer a coffee shop,
or adjust the type of music they listen to based on the task they are working on. Similarly, while most
participants in our study enjoyed working in the beach VR environment and several even preferred it to
the closed office, some participants did not like the the mixing of work with a beach environment which
they considered more for leisure. Fortunately, VR is highly customizable and one can think up an infinite
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number of environments to work in. Users of a VR office could tailor the work setting to their needs and
preferences, even changing environments to suit their task. For instance, when knowledge workers have to
perform rote work, they can choose a more stimulating environment, for cognitively demanding assignments
possibly a more quiet and calm environment, and for creative tasks an environment that fosters creativity,
e.g. by increasing the blue light portion [1]]. In the future, we might also be able to automatically adjust the
environment to the individual on a moment-by-moment basis by using biometrics (e.g., [99]).

3.5.3 One Environment Does Not Fit All

While VR has great potential to help knowledge workers achieve flow, we are not suggesting that they
work in VR all day long. Today’s headsets have clear limitations, especially in terms of comfort, screen
resolution, and weight. Additionally, the headset can lead to social detachment, which participants mentioned
several times, and causes challenges in interacting with the real world. For instance, based on our experience
using the VR extensively for this study, drinking coffee while working in VR is a challenge at best, if not
outright dangerous. Therefore, the goal is not to completely replace the usual work environment with VR
environments, but to provide the opportunity for transforming the work setting to achieve the right state of
mind. Future studies should examine for which situations a VR environment is best suited and how well
it can integrate into the usual day of a knowledge worker’s life. Furthermore, we must consider the macro
effects that such technology would impose on the workplace. Though virtual reality could allow participants
to escape to an isolated world and fully focus on their work, it would be at a trade-off with the collaborative
factors of the open office. It would be interesting to study how VR technology would play out on the social
dynamics of the workplace.

3.5.4 Choosing Study Tasks

The goal for our study was to examine the effect of different environments while performing work tasks.
Therefore, we tried to compile study tasks that met many constraints. They had to be engaging and
challenging, yet not too difficult; flow inducing, but not too time-consuming; comparable with each other,
yet doable by a broad audience. At the same time, these tasks had to comply within current VR technology
and its limitations, such as the limited resolution of headsets and the difficulty of VR keyboard input. After
several iterations and extensive piloting, we chose the Lightbot tasks, programming tasks that can be solved
by people even without programming experience. However, despite the program’s organization into levels
of increasing complexity which slowly builds upon previous levels, users felt that the difficulty varied
dramatically for certain levels, as their comments have shown. In general, it is challenging to identify a good
set of comparable work tasks that fit the requirements of such studies. Identifying and sharing such tasks with
the research community could significantly facilitate research in this domain and its generalizability. Thus,
while our quantitative results are less generalizable due to the ordering effects, we believe that they provide
initial evidence that illustrates the potential of VR work environments. Further studies are needed, either
with a more comparable set of study tasks or a large number of participants to examine the generalizability.

3.5.5 Our Mixed-Methods Approach

Given the varying difficulty of the study tasks, we designed the study to use a mixed methods approach
to evaluate the viability of using VR in realistic work settings. As with any study, there are tradeoffs that
come with study design choices. In our study, we traded off some control on exact task difficulty and its
comparability for the realism of an office setting with realistic programming-like tasks. By using a mixed
methods approach, we were able to triangulate the qualitative with the quantitative findings. Note that our
claims stem from a mixed methods approach and are not meant to reflect a more traditional hypothesis
test (where the importance of p-values are paramount), but instead we take the approach of reporting
exact p-values, eta squared effect sizes, using different symbols for different thresholds in our figures, and
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considering these all in the context of qualitative findings from the interviews with participants. We believe
that this triangulation and the qualitative analysis is actually one of the strengths of our research and it is
an important step in a larger body of work that can further triangulate these findings, perhaps with a larger
sample or a longitudinal study.

3.6 Threats and Limitations

One threat to the validity of our study is the short duration of conditions. To avoid possible exhaustion, we
designed our study to fit in two hours. With the time required for setup, transitions, and wrap-up, this gave
participants only twelve minutes for Lightbot in each of the four conditions. Whether this is truly enough
time to get into the flow state is hard to say, and is highly variable by individual. This may be the reason why
we did not see significant differences in flow measures between conditions.

Furthermore, our simulated open office environment and the Lightbot tasks does not claim to accurately
represent the daily environment and tasks of knowledge workers. To generalize our findings to the industry
we would need to run longitudinal studies with knowledge workers in a real open office.

Some extraneous variables were particularly problematic in our experiment. Most of our participants
were first-time VR users, and the novelty and excitement of using the VR may potentially affect the results
more than our independent variables. Furthermore, the challenge of certain Lightbot levels (particularly in
conditions two and four) required significantly more thought and time for completing tasks. As a result,
performance was effected more by the task rather than by the condition. Although we tried to control
for novelty and level difficulty through order randomization, the effect of these variables was so diverse
between participants, that it introduced high noise levels. A longer-term field study would likely reduce these
limitations. Another extraneous variable is the auditory factor, which is a natural part of the VR environment.
Both VR environments included sound (beach waves or office noises) for an immersive experience. It would
be interesting to explore how much participants are affected by the auditory factors as opposed to the visual.






Chapter 4

Productivity and Wellbeing in
Teams

4.1 Introduction

The modern workplace demands more of its employees than ever before as technology assumes a larger role.
Workers have to perform a broad variety of complex tasks, working in a global and fast-paced environment,
and experiencing interruptions and distractions. In this context, the productivity and wellbeing of the
individual as well as the team and the overall organizations is increasingly important, yet little is known about
them and their relation. The broader vision of this part of our research is to better understand productivity
and wellbeing on an individual and team level, and to develop approaches that support professionals in
spending their time well at work.

There is an abundance of research on developer productivity examining aspects such as the quantification
of productivity (e.g., [25,/34,83]]), developers’ perception of productivity (e.g., [81L[82]]), factors of developer
productivity (e.g., [46,/84,/110]), and most recently the effect of the Pandemic on developer productivity [90].
There is also some research that investigated team productivity of software developers and how factors such
as team cohesion or team size affect productivity (e.g., [70L|97]). The majority of this research examined
individual productivity and team productivity separately, and we have yet to understand the correlation
between them as well as their relation to wellbeing.

The objective of this part of our research is to address this gap and to better understand the different
levels of productivity—-team and individual—their interplay and their relation to wellbeing in the workplace.
Primarily, we are interested in the following research questions:

RQ1: What is the correlation between perceived individual and team productivity?

The answer to this question could play out in several ways. At first sight, it may seem most logical that
as individuals are more productive, they see their team as more productive, because they, themselves are
part of the team. However, it could also be that when individuals engage in more team-oriented tasks,
for example assisting colleagues or sharing knowledge, they view their own productivity as diminished
in favor of a heightened team productivity. Examining this question will allow us to see how developers
weigh their contributions in regards to the team, and what dynamic plays out between the individual and team.

RQ2: What is the relation between team productivity and ‘“‘softer” factors?

These softer factors can include experienced stress on an individual and team level, frequency and nature of
unplanned work, interruptions, and factors that participants report in the open-ended questions. Does stress
negatively impact productivity, or does it drive participants to be more productive? These questions will also
help us gain insight into the broader research topic: the relationship between productivity and wellbeing.
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RQ3: What is the relationship between social interactions and individual/team productivity at work?
The knowledge workplace is often a very collaborative environment. How does the frequency of interaction
with teammates and supervisors affect productivity on an individual and team level? And does the nature of
this interaction—task-focused or off-task—result in different effects?

RQ4: How do social interactions affect stress at work?

In a similar question, we explore how these social interactions impact stress. Is talking to a manager more
stressful than talking to a teammate, or does it have a reassuring effect? Does the subject of conversation
(on task or off) greatly change the effect on stress, or is it the frequency of interaction which counts? These
answers will likely be closely related to the general dynamic within the team.

As part of our research for this thesis, we designed a long-term exploratory field study, developed tool
support for collecting the relevant data and piloted the study with five software developers. Our initial
insights from the pilot study show that the study design works well to collect the relevant data, yet that
the concept of a “team” is not as well defined in the workplace as we assumed and that there can be little
awareness of the team members, especially during the Pandemic. Based on our insights we made minor
adjustments to the study design and are now running it with more than 70 participants.

4.2 Study Design

To address our research questions we designed a 6 to 8 week field study. For our field study we adopted
a mixed-methods approach to capture both finer-grained and longer-term productivity patterns, collecting
data on productivity—team and individual level-and on wellbeing. Specifically, we designed and developed
approaches to collect fine-grained experience samples on productivity and wellbeing, daily and weekly
diaries of work and productivity patterns, interviews to gather more in-depth qualitative data from participants
on the study period, and a survey to collect demographic and personality data.

As an inclusion criteria for our study we require that at least 40% of a team participate in the study to
obtain a representative sample. Furthermore, to ensure that our Apple watch and the Apple watch application
we developed work properly, we require participants to have an iPhone 6 or higher.

Self-reports (every 2 hours)

The participant is prompted to respond to a self-report every two hours throughout their workday. The
workday hours are defined by the user before the start of the study, and can be adjusted at any time on the
watch. The self-reports pop up one hour into the work day and continue every two hours until the end of the
workday, which typically results in 4 times per day. The self-report contains 3 Likert-scale questions (rated
1-7) and one activity choice question:

1. Rate your own productivity for the past hour (1-7) (see [Figure 4.1a))

2. Rate your team’s productivity for the past hour (1-7)
3. Rate your stress level for the past hour (1-7)

4. What were you doing? Select all the apply: Break, Email/Messaging, Meeting, Planning, Software
Development Work, Browsing, Read/Write Documents, Other Individual Tasks, Other Team Tasks

(sce [Figure £.T)

This Experience Sampling Method (ESM) style questionnaire is designed to capture productivity and
stress patterns in the participant’s day. By sampling experience, we are able to build an image of the
participant’s day instantaneously, rather than retrospectively. The advantage of quick and frequent sampling is
that participants are more likely to remember their perceptions at that point in time. The Experience Sampling
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Figure 4.1: Screenshots of self-reporting in our Apple Watch application.

Method (ESM) has been used extensively in past studies and has been shown to have internal [55]] and external
validity [29]. This approach has been effectively used in several studies on developer productivity [50,/76,/80].

To reduce the invasiveness of our ESM approach and foster a high number of in the moment self-reports,
we designed and developed study support in the form of an Apple Watch application that allows to answer
the self-reports on the watch (see[Figure 4.1). For our study, we plan to provide an Apple Watch to each
study participant.

End-of-day and End-of-week Questionnaires

To complement the short self-reports with more thorough reflections, participants will be asked to fill out a
longer (10 minute) questionnaire at the end of each day and week. This questionnaire is a diary-style survey
which asks participants to reflect about the factors that affected their productivity and wellbeing. These
surveys create a space to examine a much greater array of factors than the self-reports (for example, social
interactions, unplanned work) and invite the participant to answer an open-ended question of what affected
their productivity that day or week, allowing us to discover factors we previously may have overlooked. For
the survey we developed a web application that allows us to collect the data from participants as well as it
provides a visualization of the self-report data that participants entered on their Apple watch. For the study,
we will remind participants about these surveys using a daily email reminder that is automatically sent by the
web application. A screenshot of part of the end-of-day survey is illustrated in[Figure 4.2).

Interviews

We will hold a series of three one-on-one video calls between each participant and the researcher: at the
start, middle, and end of the study. In these interviews we ask participants about their work and team, and
about their perspectives on productivity. These questions allow us to better understand what is usual for the
participant (for example, how much time in a week is spent in meetings), as well as the dynamic within
the team. In our diverse range of participating teams, we have found that some work very closely on tasks,
while others do not share project work at all, but come together to discuss progress and share tribal knowledge.
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Productivity and Wellbeing in the Workplace Help?  Logout

1. How would you rate your overall productivity today?

7 - Extremely productive

- Productive

- Somewhat productive

- Neutral

- Somewhat not productive
- Not productive

- Not productive at all

SN WAoo

2. Which factors may have had an effect on your productivity today?

3. Below is a visualization of how you rated your today's productivity.
Looking at this graph, how would you explain the pattern of your
productivity ratings for today?

Figure 4.2: Screenshot of end-of-day online survey.

Final Survey

After the completion of the study, we will send participants a final online questionnaire. This survey serves
to collect the participant’s demographic data, and asks a set of 50 personality questions in order to determine
the participant’s personality type. These questions were previously used in several studies, including one by
Grant et al., which explored implications of leadership and proactivity in teams [45]]. We will relate these
personality types to effects of different factors (such as interactions) and stress on individual productivity.

4.3 Data Analysis and Collection

Below we share a few notes of how we plan to answer our posed research questions with the data collected
in the self-reports, surveys and interviews.

RQ1: What is the correlation between perceived individual and team productivity?

In the hourly questionnaires, participants are asked to assess their own productivity and their team’s produc-
tivity for the last hour. We likewise include the same questions, but on a daily and weekly basis - in order to
get a more coarse-grained time scope. By comparing the two productivity scores (normalized by individual)
and using correlation analysis, we can explore how a change in perceived individual productivity correlates
with perceived team productivity.

RQ2: What is the relation between team productivity and ‘“softer’ factors?

Participants report perceived productivity and stress on an hourly basis, and also on a daily and weekly
basis. We question participants further on selected soft factors with several questions in the daily and weekly
surveys, including levels of interactions, interruptions and unplanned work. For our analysis, we plan to
examine whether changes in the softer factors correspond to changes in productivity levels. Additionally, we
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plan to perform this analysis within teams (considering each team as a data point), to see if, for example,
teams that have a lower stress level or lower/higher satisfaction are overall more/less productive.

RQ3: What is the relationship between social interactions and individual/team productivity at work?
We ask participants to report frequency of team and manager interaction on a daily basis, and how related
those interactions are to work. By correlating this data with perceived individual or team productivity, we
can explore whether interactions positively or negatively impact an individual’s productivity and the team’s
productivity as a whole. Similarly, we will analyze how this this moderated by the extent to which the
interactions are task-oriented or relationship-oriented. Finally, we are interested to investigate if the impact
of interactions with the team and the manager produce different results.

RQ4: How do social interactions affect stress at work? For this research question we can use the
interaction data (frequency and work-relatedness) for the manager and team in conjunction with the collected
individual stress data, averaged over the team. Using the collected data we can perform a comparison and
examine whether off-task interactions with the team result in reduced stress (based on a correlation analysis),
while work-related interactions with the manager increased stress, or if the situation is different than one
might assume.

4.4 Pilot Study

To inspect the design of our study and test the study support we developed, we performed a pilot study. For
our pilot study we recruited six professional software developers through research contacts. In the end, five
of these six professionals participated in the study.

Throughout and at the end of the pilot, we examined the collected data and the participation. Overall, we
successfully ran the study with the 5 participants for a total of 2 months and collected more than 2200 data
points from the self-reports alone. The pilot showed that the overall design works well to collect the relevant
data. At the same time, we made several interesting preliminary observations.

Productivity

As part of our pilot, we asked participants how they would define productivity. The most common answer
was a variant of "output over input"—the traditional definition by [88]] we discussed in Chapter 2. Yet, several
participants said they also found activities such as brainstorming about a problem or helping a colleague to
be productive, even when no direct output was produced. This supports the idea that measuring developer
productivity requires a more nuanced approach. We expected divergent views of "productivity", since it has
been contested in past research, yet surprisingly we were forced to question several other definitions we took
for granted.

Definition of Team

In reporting team productivity, the concept of “team” turned out to be far from trivial. We have seen (in the
pilot team and the variety of other teams we have recruited for the study), that this definition can be unique
to every participant, and can in fact change regularly based on the task and context. One group we recruited
after the pilot sees itself as a team because all members have the same position (sales executives) and share
the same overall goal (to bring revenue). They come together every week to discuss problems and exchange
ideas for solutions. And yet, individually each participant is assigned their own set of projects, on which they
work in conjunction with other professionals of the company (e.g. a market analyst, designer, etc.). In the
morning they may work with one project, in the afternoon with another. To accommodate this team fluidity,
we explicitly added a statement on the concept of team and encourage participants to think of their team as
the people they regularly interact with and with whom they share responsibilities for common outcomes, in
the time span they are questioned about.
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Full Study

Based on the successful pilot, we have now extended this study to a larger set of participants. We are currently
running this study with more than 70 knowledge workers of 15 teams (though, again, this team concept can
differ from the perceived team on which participants reflect). The participating teams originate from various
countries including Switzerland, Germany, USA and Canada. In the set of participants, several knowledge
work domains are represented, including software developers, executive accountants, insurance workers, and
UX designers, to name a few. This study does not aim to be representative of all knowledge workers—there
are too many domains to consider for this scope—but rather to gain preliminary ideas of how productivity
and wellbeing plays out in a knowledge workplace. Before starting, participants are, of course, assured that
their reports will not be shared with other members of their team, managers, or organization. Given the very
different dynamics and objectives these various teams have, we will need to ensure to consider this in our
future analysis.

4.5 Threats to Validity

The power of self-reflection. Past studies have found that the very process of reflecting on one’s own
productivity may in itself cause software engineers tot be more productive [17]. We mitigate this effect
by disregarding the first week of data (which may have a learning/novelty effect). Furthermore, we are
not interested in the absolute productivity ratings, but rather the change in ratings depending on progress-
ing time and shifting factors. As a result, any learning or self-awareness effect should not have a major impact.

Pressure to overvalue. Participants may be tempted to overvalue their own productivity, especially if there is
a chance their data will be viewed by management. We assure our participants that there data will always
be collected and stored anonymously, and that at no point will it be shared with any individual (except,
perhaps, themselves), and especially not with colleagues or management. If despite this, participants feel an
unconscious pressure and inflate their productivity, this should not greatly impact our analysis. Again, we
are not measuring the absolute, but rather the changes in productivity. Consistent overvaluing should not,
therefore, have a significant effect.

Interpreting the scale. Participants rate on a Likert scale of 1-7. But what if your 6 is my 4? Again, this
should not matter as argued above - we are not measuring absolute values, but rather changes. When
analyzing the effect a factor (e.g. stress) has on someone’s productivity, we will first normalize both values
to see how these compare to the individual’s average.
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Future Directions

When it comes to a more holistic notion of developer productivity, there is yet much to explore. It would be
especially interesting to continue the thoughts of our two previous studies.

Boosting Flow through Virtual Reality. In our first study on the use of VR in team environments, we found
that virtual reality can be effective in removing distractions and fostering flow, and that this technology
has the potential to bring a noisy open office closer to the concentration capacity of the closed office. This
research can be extended in several interesting ways. Our study featured a virtual beach environment as a
first step, yet other environments might have even more positive effects. There is a wealth of research on the
potentially calming effects of nature environments [7] or color spectrum [35}/69}/112}[118]], which would
be interesting to apply here. Perhaps the environment can even measure a person’s current activity level or
arousal and adjust the environment accordingly. In future work, we plan to examine an array of environments
and their effect on stress, productivity and other aspects, such as creativity and fatigue.

Furthermore, it would be interesting to reintroduce some of the actual environment into the virtual. One
problem of the current solution is that the user loses all context of their surroundings: the desk, the chair,
the office. An interesting approach would be to map the actual space into the virtual (similar to a mixed
reality situation), so that the user has some ability to navigate and orient in the actual world while reaping
the flow-inducing and stress-lowering benefits of the virtual world.

Productivity and Wellbeing in Teams. Several research extensions naturally flow from our second study
on the individual and team level productivity and wellbeing. Based on our initial insights, an interesting
avenue would be to explore the design space for an approach on team awareness and examine its effects on
individual and team dynamics. There are already a few research approaches that have been proposed in the
past to provide more awareness for software development teams, such as FASTDAsh [[18]] and WIPDash [62],
yet these approaches are mostly focused on work and do not take into account the social and wellbeing
component. Especially with the current distributed working situation (due to the pandemic), an approach
that provides a more holistic team awareness could be valuable not only in improving productivity, but also
wellbeing.

It would also be very interesting to replicate our second study once the pandemic has slowed and
developers have reentered the offices. Of course, the work situation will likely be somewhat different than it
was pre-Corona. After all, such a monumental shift will have lingering effects — hopefully some of them
positive, such as a greater emphasis on employee wellbeing. Still, it would be interesting to compare the
dynamic of the individual and team between the normal office and distributed home working environments.
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Conclusion

In a set of two research studies, we explore the productivity and wellbeing of software developers in team
dynamics. In study 1, we examined the effects of virtual and traditional work environments on knowledge
workers while performing work-related tasks. The qualitative and exploratory quantitative results show that
the closed office and the beach VR are similarly good according to users’ ranking in reducing distractions
and inducing flow, and that these two environments are preferred over the non-VR open office and VR open
office environments. Further studies need to be run to examine the generalizability of our quantitative results.

Overall, these results indicate the potential that VR environments have to help knowledge workers
achieve flow and stay calm and focused even in loud open office work settings. At the same time, the results
open up new opportunities for research. Since the preferred work environment is highly individual, we
need to examine which environment is best suited for which situation. Considering the high customizability
of VR and the nearly infinite possibilities for environments, we may be able to tailor the VR work setting
to individual preferences, the task, and possibly even the current mental state of the knowledge worker to
provide the best experience in every moment. At the same time, we need to explore how this technology will
alter workplace dynamics and social interactions among knowledge workers of the future, due to the current
limitations of the technology.

In the second study, we designed and piloted a study in which participants regularly respond to a series
of productivity and wellbeing questionnaires throughout their workday. The multi-tiered data collection
includes hourly, daily, weekly, monthly, and one-time surveys for a better understanding of the fine- and
coarse-grained factors which affect the productivity and wellbeing of software teams. We are especially
interested in the correlation between individual and team perceptions of productivity and wellbeing, and
what this means for the team dynamic. Having piloted the study, we are running it in full with a running
count of 80 participants across 15 teams, from Switzerland, Germany, the USA and Canada.

In our future research, we aspire to innovate the modern approach to developer productivity. Though
productivity is often thought of as work over time, research has shown that assessing developer productivity
is complex. Furthermore, boosting developer productivity is a delicate task. Commonly, what starts off as
a well-meaning effort to improve productivity turns into a rush to speed up the wheels and crank the most
out of employees. This may result in short-term success, but in the end this approach is doomed to fail:
a purely output-driven aim will exhaust many developers, possibly leading to burnout and other serious
issues. Instead, we aim to get the golden egg without killing the goose. By taking a more holistic approach
and incorporating developer wellbeing, we can design much more effective strategies. Work satisfaction
and positive mood has already been shown to boost productivity, and productivity in turn can foster job
satisfaction — an upwards cycle of productivity and wellbeing. In our future endeavours, we aim to further
our understanding of developer productivity and wellbeing, especially in relation to individual and team
dynamics.
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