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UNDERSTANDING WALKING
MEETINGS

WALKING IS
(WO)MAN’S
BEST MEDICINE
- Hippocrates (adapted)

This quote from the well-known Greek philosopher Hippocrates remains a pearl of
wisdom for well-being and longevity. Being physically active is beneficial for numerous
reasons, whereas being physically inactive can have profound negative effects on our
health and comfort. Despite this awareness, it seems increasingly difficult for us to
adhere to physical activity guidelines. This is especially true in the office context, as
most of the office work tasks involve prolonged periods of sitting.
8
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INTRODUCTION

Although the guidelines specify the amount of physically active minutes per week,
recommendations for sitting time remain unspecified. The guidelines also state that the main
challenge is to make lasting changes in physical activity and sitting behavior, yet the authors
indicate that programs aimed at reducing sitting require further investigation. Their advice
on these challenges is to integrate physical activity in daily life, for instance, by walking or
cycling to work. In addition, permanent change in physical activity can possibly be promoted
by taking this into account when designing the physical environment.
Next to the Dutch guidelines, there are international guidelines developed by the World
Health Organization (WHO). These guidelines had been revised in 2020 [55]. These renewed

1.1 PHYSICAL INACTIVITY AS A
MAJOR PUBLIC HEALTH CONCERN
The increase in sitting behavior has become a major public health risk [24]. Kohl et al.
(2012) even talk about a “pandemic of physical inactivity”, which is now considered the
fourth leading cause of death worldwide [26]. The increased morbidity and premature
mortality rates associated with prolonged sitting and physical inactivity result in over 5
million -theoretically preventable- deaths per year [25,26]. Physical inactivity accounts for
6% - 10% of all deaths from non-communicable diseases [28] and high levels of physical

guidelines are part of “The Global action plan on physical activity 2018–2030” [54]. This
plan set a target to reduce physical inactivity worldwide by 15% by 2030. For the first time,
these guidelines include specific recommendations on sedentary behavior. However, they do
not give quantified recommendations for sedentary time or the frequency and duration of
breaks in sedentary behavior as there is insufficient evidence at present [55]. The evidencebased public health recommendations on physical activity and sedentary time are specified
for children, adolescents, adults, and older adults, as well as for subpopulations, such as
people living with chronic conditions or disabilities. For adults (aged 18–64 years), the
guidelines are (Table 1.2):

inactivity are associated with poor health and the development of diseases such as type II

TABLE 1.2 GUIDELINES OF THE WORLD HEALTH ORGANIZATION ON PHYSICAL ACTIVITY AND

diabetes, cardiovascular diseases, and colon- and breast cancer [4,7,13,19,26,28,35,37].

SEDENTARY BEHAVIOR [55]

The Dutch society is one of the more sedentary societies in Europe [30]. Dutch office workers

Physical activity:

sit on average 9,3 (SD-1.4) hours a day [41]. In addition, only 44% of Dutch adults adhere to

1.

the Dutch Physical Activity guidelines [18]. These guidelines had been revised in 2017 and
are now read as follows (Table 1.1):
TABLE 1.1 DUTCH PHYSICAL ACTIVITY GUIDELINES [18]

1.

Exercise is good, more exercise is better.

2.

Do at least 150 minutes per week of moderately intensive exercise, such as
walking and cycling, spread over several days. Longer, more frequent and/
or more intensive exercise provides additional health benefits.

3.

Do muscle and bone-strengthening activities at least twice a week for the
elderly combined with balance exercises.

4.

Avoid prolonged sitting time.

All adults should undertake regular physical activity.

Strong recommendation
2.

Adults should do at least 150–300 minutes of moderate-intensity aerobic
physical activity; or at least 75–150 minutes of vigorous-intensity aerobic
physical activity; or an equivalent combination of moderate- and vigorousintensity activity throughout the week, for substantial health benefits.

Strong recommendation
3.

Adults should also do muscle-strengthening activities at moderate or
greater intensity that involve all major muscle groups on 2 or more days a
week, as these provide additional health benefits.

Strong recommendation
10
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4.

Adults may increase moderate-intensity aerobic physical activity to more

Moderate-intensity physical activity: On an absolute scale, moderate-intensity

than 300 minutes; or do more than 150 minutes of vigorous-intensity aerobic

refers to the physical activity that is performed between 3 and less than 6 times the

physical activity; or an equivalent combination of moderate- and vigorous-

intensity of rest. On a scale relative to an individual’s personal capacity, moderate-

intensity activity throughout the week for additional health benefits.

intensity physical activity is usually a 5 or 6 on a scale of 0–10.

Conditional recommendation

Vigorous-intensity physical activity: On an absolute scale, vigorous-intensity refers

Sedentary behavior:

to physical activity that is performed at 6.0 or more METS. On a scale relative to an

1.

Adults should limit the amount of time spent being sedentary. Replacing
sedentary time with physical activity of any intensity (including light intensity)

on a scale of 0–1.
Physical inactivity: An insufficient physical activity level to meet present physical

provides health benefits.

activity recommendations.

Strong recommendation
2.

individual’s personal capacity, vigorous-intensity physical activity is usually a 7 or 8

To help reduce the detrimental effects of high levels of sedentary behavior on
health, adults should aim to do more than the recommended levels of moderateto vigorous-intensity physical activity.

Sedentary behaviors: Any waking behaviors characterized by an energy expenditure
of 1.5 METS or lower while sitting, reclining, or lying. Most desk-bound office work,
driving a car, and watching television are examples of sedentary behaviors; these
can also apply to those unable to stand, such as wheelchair users. The guidelines
operationalize the definition of sedentary behavior to include self-reported low

Strong recommendation

movement sitting (leisure time, occupational, and total), television (TV viewing or

The WHO guidelines are all based on moderate certainty evidence and provide strong
recommendations as well as a conditional recommendation. Following the physical

screen time, and low levels of movement measured by devices that assess movement
or posture).

activity guidelines contributes to health outcomes such as improved all-cause mortality,
cardiovascular disease mortality, incident site-specific cancers, mental health, cognitive
health and sleep [55]. The guidelines for sedentary behavior are aimed to reduce allcause mortality, cardiovascular disease mortality and cancer mortality and incidence of
cardiovascular disease, cancer and type-2 diabetes [55].
TABLE 1.3 DEFINITIONS OF PHYSICAL ACTIVITY AND SEDENTARY BEHAVIOR FROM WHO [55]

Physical activity: Any bodily movement produced by skeletal muscles that requires
energy expenditure.
Light-intensity physical activity: Light-intensity physical activity is between 1.5
and 3 METs, i.e. activities with energy cost less than 3 times the energy expenditure
at rest for that person. This can include slow walking, bathing, or other incidental
activities that do not result in a substantial increase in heart rate or breathing rate.
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1.2 PHYSICAL INACTIVITY IN THE
OFFICE ENVIRONMENT
The need for physical labor has decreased, while the amount of office work has been on the

1.3 STIMULATING PHYSICAL ACTIVITY
AND REDUCING SEDENTARY
BEHAVIOR IN OFFICE WORKERS

rise ever since the industrial revolution of 1760-1840 [23]. Moreover, the number of desk-

Increasing physical activity in office workers has been studied extensively in the past

based occupations has taken a flight since the introduction of personal computers in 1975

decades [13,26,28,54]. More recently, there has been growing interest in the association

[23]. A large part of our 3.5 billion global workforce works in front of a computer [47]. Due

between sedentary behavior and poor health outcomes [9,12,32]. A recent paper on the

to ongoing automation, the demand for physical and manual skills has reduced significantly

new global guidelines on sedentary behavior and health for adults talks about the three

and is expected to shrink even more in the upcoming decade [47].

strategies to reduce the risks of all-cause mortality due to physical inactivity [15]. These

With more and more desk-bound occupations, we see a growing group of people that sit most

three general strategies are:

of their day. To combat the negative health effects of physical inactivity, reducing sedentary

Depending on the research discipline, we see different ways to bring these strategies into

behavior is a major area of interest within the field of public health, and most notably in

practice. The World Health Organization presented a framework for action in their global

the domain of healthy work conditions. The office environment in this regard seems an

action plan on physical activity 2018-2030. In this plan, they describe the following four

interesting opportunity to place meaningful interventions [53]. It, however, also makes for

strategic objectives; 1) Create active societies 2) Create active environments 3) Create

a challenging endeavor. A typical office worker sits the vast majority of their workday, and

active people and 4) Create active systems [54]. To achieve these objectives, they present 20

trend analyses indicate that sedentary behavior will continue to rise in the near future [27].

evidence-based policy actions such as action 4.3 “Strengthen the national and institutional

To counteract this trend, there is a growing need to investigate how to increase physical
activity and reduce sedentary behavior in office settings [54]. Over recent years, we have seen
an increase in the research and development of digital interventions and tools that target

research and evaluation capacity and stimulate the application of digital technologies and
innovation to accelerate the development and implementation of effective policy solutions
aimed at increasing physical activity and reducing sedentary behavior” [54].

physical inactivity at work [21]. There is, however, little systematic research on interaction

The ethics and values of healthy office work have changed over the past decade. In the past,

design strategies to reduce physical inactivity in office workers. Interaction design can be

a worker’s health and safety were mostly seen in the light of work productivity. We now see

understood as the design of the interaction between users and (digital) products [45]. This

a paradigm shift in the fields of public and occupational health, from a labor approach to a

doctoral dissertation, anchored in the fields of Human-Computer Interaction (HCI), Public

workers’ health approach [10,16]. Moreover, the focus of the approach is gradually shifting

Health and design research, therefore focuses on the role of interaction design research in

from work-related health issues that are an employer’s responsibility to a view that includes

facilitating physical activity in the office environment.

all health determinants that are the responsibility of all stakeholders [54]. This also seems

TABLE 1.4 THREE GENERAL STRATEGIES TO REDUCE PHYSICAL INACTIVITY
(DEMPSEY ET AL., 2020)

apparent in the physical activity and sedentary behavior interventions that increasingly use
a broader social and environmental approach. With this approach, we see that actions are
not limited to the workplace but promote job and lifestyle-related behaviors in and outside

1. Increasing the level of physical activity.

of the work environment.
A myriad of interventions targeting sedentary behavior or physical activity in the workplace

2. Decreasing sedentary behavior.

have been developed over recent years [12,22,32,34,36,44]. Interventions that include sit-

3. Together, increase the level of physical activity and decrease sedentary behavior.

stand workstations are one of the most commonly implemented and evaluated strategies
in the field of public and occupational health [41]. The introduction of a sit-stand desk is
often one of the intervention components, as public and occupational health interventions
to reduce physical inactivity mostly use a multicomponent approach. These components

14
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ball chairs, leaning stools and ergonomic chairs were mainly provided by employers after

3

3

consultation with health and safety officers and were not widely distributed. This has
changed gradually over the past decade. After 2010, many companies and institutes started
offering their employees standing and treadmill desks as a means to promote healthy
workstyles [24].
With the shifting focus from ergonomic equipment to health-promoting equipment, the
active office furniture and products have found their way to the mainstream market. Since
2014, companies such as Ikea have offered sit-standing desks at commercial prices [51]. A
recently published global standing desks market report showed that in 2019, the market

can be roughly divided into environmental, organizational and individual components [14].

was dominated by mechanically adjustable standing desks [42]. Due to their higher prices,

Environmental components are, for instance, desk bikes, sitting balls or stand-up meetings

electrically adjustable standing desks or converter desks are less common. However, the

rooms. Organizational elements can include the appointment of role models, incorporating

prospects are that this segment will surpass mechanically adjustable desks by 2028. In

standing or walking meetings or promoting face-to-face communication over email.

addition, the overall market value of standing desks is expected to grow rapidly to US$ 2.80

Prompting computer software, health apps or the use of activity trackers are examples of

Billion by 2025. Although North America is currently dominating the overall market revenue

individual components.

with nearly 40%, the Asia Pacific region is expected to lead towards the end of this decade

A notable example of a multicomponent study is the ‘take a stand’ study [14]. This

[42].

randomized controlled trial from 2017 with 317 participants investigated an intervention

According to the global standing desks market report, there is an upward trend in the treadmill

with five components: 1) appointment of local ambassadors and management support, 2)

desk market. Treadmill desks let you work while walking by combining a treadmill with an

environmental changes by installing high meeting tables and by defining routes for walking

elevated desk. Next to treadmill desks, there is an upcoming trend in product enhancement

meetings, 3) a lecture on sedentary behavior and health 4) a workshop, aimed at ensuring

through technology. Standing desks are now becoming ‘smart’ thanks to sensors, connected

local adaptation at the individual, office, and workplace level and 5) emails and text messages

devices or the use of artificial intelligence. Prime examples of these products are the smart

(optional). They concluded that their multicomponent workplace-based intervention

desks by Ait [56] and the NextErgo by StarErgo [57]. The Ait desk is a height-adjustable desk

effectively reduced sitting time, prolonged sitting periods, and body fat percentage, and

that is controlled by a mobile application. It monitors the users sitting time and indicates

increased the number of sit-to-stand transitions [14].

when a user should transition to a standing position. It furthermore informs the users of the
air quality in the office and has a built-in fitness and health module. Even more advanced is

1.4 COMMERCIAL PRODUCTS TO
REDUCE PHYSICAL INACTIVITY AT
WORK

the NextErgo desk, which integrates artificial intelligence in its product line. The desk uses
presence detection sensors to track sitting and standing time and is voice-controlled via
built-in google assistant©. In addition to offering reminders, it proposes desk exercises with
step-by-step instructions.

To get a good picture of active office work, it is also relevant to consider the state of

In addition to the redesign of desks, we are also seeing more and more restructuring of

commercial products on the market, such as sit-standing desks, active stools, and software

office chairs. These so-called active chairs are divided into three broad categories: balls,

or mobile applications. The market of active office furniture and products seems to have

benches, and stools [57]. The Tic Toc Chair by Fully is an example of an active stool on the

changed significantly over recent years. In the past, these types of products often had a more

commercial market. Promoted as a chair to align your spine, body, and mind, this chair is

ergonomic focus with a corresponding medicalized look. Adjusted furniture such as exercise

designed for flowing motion, swiveling and side-to-side rocking motions [58]. Other good
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examples are the Active Sit Stand by Aeris [58] and the Locus by Focal Upright Furniture

Within the HCI community, public health is an increasingly important topic [22,46]. This is

[17]. The Aeris sit-stand stool is designed to make an easy transition between sitting and

illustrated by the substantial research efforts on the design, development and evaluation of

standing. The Locus, on the other hand, is designed as a leaning seat. Both seats encourage

interactive technologies to support health [46]. There has, for instance, been considerable

dynamic movement and can be used in combination with a standing desk.

research interest into mobile health applications, wearable technology and digital behavior

Next to the office furniture, an abundance of mobile applications and software aim to
promote a healthy lifestyle. In 2017, there were over 318,000 health apps and 340 consumer
wearable devices [2]. Moreover, approximately 200 new health apps are added to Apple

change interventions for active lifestyles. Moreover, echoing the trend in the field of public
health, office workers seem an increasingly interesting target group in HCI health research
[22].

Store and Google Play every day [2]. The majority of health applications are “wellness

A systematic review and meta-analysis (N=1402) by Stephenson et al. [49] reported that

management” apps, which focus on tracking, maintaining or improving healthy lifestyles,

computer, mobile, and wearable technology can be effective in increasing physical activity

fitness, stress and diet [2]. Just over half of the most popular health apps use sensor data,

and reduce sedentary behavior in healthy adults. Their results showed a mean reduction

mostly collected via wearable trackers such as Fitbit and Jawbone [2].

of 41 minutes per day of sitting time. They concluded that interventions using computer,

Many of the wellness management apps are directed to general wellbeing and focus, for
instance, on daily physical activity goals. Only a small portion of the available mobile health
applications focus specifically on the office environment. Examples of apps that focus
especially on the office environment are Break Time (iOS, Android), Stand Up! The Work
Break Timer (iOS) and StandApp (iOS) [29]. These apps remind or nudge their users to
get up and move after a prolonged period of sitting. StandApp also includes simple desk
exercises for a standing break.

mobile and wearable technologies can be effective in reducing sedentary behavior, although
the effects lessened significantly over time. In 2019, another review was published on
digital sedentary behavior interventions [22]. This scoping review by Huang et al. [22]
was the first to analyze the use of digital technologies in research on reducing sedentary
behavior in office workers. They analyzed the technological features of digital interventions
and reflected on the use of novel modes of delivery. One of their conclusions was that the
use of novel technologies such as connected devices, passive data collection or automated
tailored feedback was mostly seen in early-stage research. According to Huang et al. [22],

Although less popular compared to health applications, there are several software options

interdisciplinary collaborations are key to moving this research forward and maximizing

on the market for healthy work practice. The best-known example is break-taking software

technology’s potential in health promotion.

such as Workrave (Windows). It allows you to set reminders to take a break or limit your
computer usage. Often these programs also offer desk exercises that can be done during
these ( micro ) breaks. Another good illustration is the EyeLeo software (Windows) [29].
This program dims or disables the users screen depending on the user’s settings. It also
provides an option for eye exercises.

Interventions for physical inactivity with a digital or technological component have different
levels of maturity. The more exploratory and novel work can often be found in the HumanComputer Interaction design research field. It is characteristic of this field to develop and
pilot test novel technologies that may one day become the new standard for digital health
interventions. HCI examples that can be found in the office context are the Tap-Kick-Click
design [43], a foot interaction design to control conventional desktop applications at a

1.5 HUMAN-COMPUTER INTERACTION
AND DESIGN RESEARCH

standing desk, and the Brainwolk mobile application support and persuade walking meetings

As a field of research, Human-computer Interaction (HCI) investigates the design and use of

HealthSit, a design that assists fitness breaks at work by means of an interactive posture-

computer technology, focused on the interaction between humans and technology. Since the

based sit pad [40].

1980s, HCI has grown from a small, specialized area to a multifaceted community that often
transcends disciplinary boundaries in the study and development of innovative technologies
[11].
18

[1]. Other examples can be found in the work of Ren on the design of interactive technology
for workplace fitness promotion [39]. He designed multiple interventions, among which is

In the field of design, approaches labelled as ‘design for debate’ (e.g., speculative design or
critical design) might open new perspectives. Speculative design serves two purposes: it
19
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1.7 DESIGNING FOR BEHAVIOR
CHANGE
Transversal to the aforementioned disciplines, there is a multitude of theories and practices
that can guide the behavioral change process that is needed in the global challenge to reduce
physical inactivity. The work in this dissertation is grounded in two fundamental theories

enables us to think about the future and questions current practices [5]. Similarly, Malpass

on behavior change as well as two applied models of behavior change. The two fundamental

explains how interrogative, discursive and experimental approaches, often adopted in

theories are the transtheoretical model (TTM) [38] and the theory of planned behavior

critical designs, can challenge the status quo [31]. Despite a growing body of design work

(TPB) [3]. The applied models that guided this work are the Behavior Change Wheel (BCW)

to reduce sedentary behavior in the office setting, there is a relative dearth of speculative

[33] and the Intervention Mapping Protocol (IMP) [6].

and critical designs in this context. Amongst the designs developed to make users critically
reflect on their sedentary work style, Tobiasson et al. [50] developed the ‘Irritating chair’,
whose sharp spikes rise after a prolonged period of sitting. In the same vein, the shapechanging ‘Productivity Chair’ uses computationally controlled discomfort when a user is
not productive [20]. With this design, Hemmert et al. [20] criticize the trend of workplace
surveillance for productivity maximization.

1.7.1 THE TRANSTHEORETICAL MODEL
The transtheoretical model describes the decision-making process of an individual’s
readiness to act on a new healthier behavior [38]. This process is divided into six stages
of change: pre-contemplation, contemplation, preparation, action, maintenance, and
termination. In the pre-contemplation stage, office workers are unaware of the negative

1.6 INTERDISCIPLINARY
COLLABORATIONS

effects of physically inactive behavior or do not intend to be more physically active. Often,

Reducing physical inactivity in office workers is a complex societal issue [26,28]. Addressing

can still be double-minded about acting. In the preparation phase, an office worker will

this complex issue with interaction technology requires multidisciplinary expertise and

start to take the first steps towards more active and healthier behavior. This can lead to the

interdisciplinary collaboration [8,22]. Strengthening interdisciplinary collaborations is

action stage, in which an office worker has changed their behavior and intend to maintain

essential to advance the role of technology in health promotion, yet it requires a thorough

that behavior. If the behavior can be sustained (for over 6 months), they have successfully

understanding of both public health and HCI research [8,46]. There are significant differences

reached the maintenance stage. In the final stage, labeled termination, the office worker has

in the methods and approaches in these two fields. Where (public) health research is often

no intention to return to the previous behavior and is not afraid to relapse.

driven by a hierarchy of evidence with randomized controlled trial in the highest rank, HCI
research tends to be more explorative and ‘agile’ [46]. The rapid iterations and “Fail faster,
succeed sooner” approach that is often seen in HCI research is sometimes at odds with the
more traditional research approach in the public health domain. Therefore, it is imperative
to share best practices and find common ground between the “differing design, development
and evaluation paradigms and their inherently contrasting priorities and values” [46]. By
combining the best of these approaches, new interactive technologies to support health can

their focus is on the downsides of changing their behavior. In the contemplation stage, office
workers intend to change their behavior. They recognize the negative (health) effects but

Although the transtheoretical model was initially developed for therapeutic purposes, it is
now widely used in research on physical activity and sedentary behavior [48]. In our work,
we used the different stages of this model as a starting point in designing interventions. For
instance, we used our designs to lower the threshold for office workers in the preparation
phase to take a small step toward more healthy behavior by providing an opportunity to
plan and book a walking meeting.

be developed in an efficient and effective way.
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1.7.2 THE THEORY OF PLANNED BEHAVIOR
The theory of planned behavior links beliefs to behavior by focusing on attitude, subjective
norms, and perceived behavioral control [3]. The combination of the attitude toward a
certain behavior, the subjective norms about that particular behavior and the perceived ease
or difficulty of performing this behavior result in the formation of a behavioral intention
[3]. In our design research, we aim to change the perceived ease of being physically active
at work and the subjective social norms associated with this behavior. This is, for instance,
done by restructuring the office environment to make healthy behavior a more visible part

determinants such as ‘social norms’ and ‘knowledge’ to identify which beliefs need to be

3

addressed by the intervention. Connecting the beforementioned program objective with
the ‘social norms’ determinant would, for instance, result in believing that it is socially
acceptable to have a walking meeting. In the subsequent steps of the intervention mapping
protocol, theoretical methods are chosen and translated into practical strategies. Next,
these methods and practical applications are integrated into an organized program with
an adoption and implementation plan. In the final step, a monitoring and evaluation plan is
made to evaluate the process and the intervention.
Each step results in a product that is used for the subsequent step to guide the development

of the work practice and work culture.

process of an intervention. In our work, we used this ecological approach to integrate
theoretical, practical, and empirical information into our design process. The use of this

1.7.3 THE BEHAVIOR CHANGE WHEEL

model is particularly prominent in the development of the WorkWalk concept (Chapter 4).

We used the Behavior Change Wheel of Michie et al. [33] in the development of our designs.

1.8 THESIS OBJECTIVES

The Behavior Change Wheel is based on 19 frameworks of behavior change and consists of
three circular layers. Central to the wheel are the ‘Capability’, ‘Opportunity’ and ‘Motivation’
of a person [33]. The second layer of the model describes nine intervention functions such as

With more and more desk-bound occupations, we see a growing group of people that sit

education, persuasion, and training. The third layer and outer rim of the wheel show seven

most of their workday. Since this physically inactive behavior is a mounting public health

policy categories that can support the delivery of an intervention. These categories are, for

concern, reducing sedentary behavior in the office environment is an important and timely

instance, legislation, guidelines, and environmental planning. A successful behavior change

area of interest. Over recent years, we have seen an increase in the research and development

intervention should change at least one core element of the wheel and should make use of

of digital interventions and tools that target physical inactivity at work. Although these

the second and third layer to guide the process of behavior change. In our work, we used the

emerging technologies entail promising opportunities, there is little systematic research in

behavior change wheel to make a ‘behavioral diagnosis’ of physical inactivity as part of the

interaction design on how to reduce physical inactivity in office workers.

system and consider multiple options of intervention functions and policies. In addition, we
used the taxonomy of behavior change techniques of Michie when constructing the active
ingredients of the designs.

In this doctoral dissertation, we study the role of interaction design in facilitating physical
activity in office workers. We use a design research approach to gain insights into interaction
design strategies. By conducting a scoping review, empirical studies, and design case studies,
we provide contributions to both theory and practice.

1.7.4 THE INTERVENTION MAPPING PROTOCOL

1.9 RESEARCH QUESTIONS

The intervention mapping protocol of Bartholomew [6] is an applied model for developing
effective behavior change interventions. It describes an iterative path of six steps from
problem identification to evaluation planning. After the first step in which a needs
assessment or problem analysis is conducted, specific program objectives are defined.

This doctoral dissertation, anchored in the fields of Human-Computer Interaction (HCI) and
design research, addresses the following primary research question:

A program objective can, for instance, be “Identifying the possibilities and opportunities

How can interaction design research contribute to stimulating physical activity in the

for a walking meeting”. The program objectives are combined in a matrix with behavioral

office environment?
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1
Research Question 1: What is the state of the art of technological tools and
interventions to reduce sedentary behavior or increase physical activity in the
office environment?

design of interactive artifacts for walking meetings and physically active ways of working.

3

Some of these design artifacts, such as the WorkWalk, the Hubs, or PositionPeak, for instance,
constitute a contribution per se, following the typology of Wobbrock [52]. These partly or
fully functional designs, some being deployed in a living lab approach, convey and motivate

Based on the insights gathered while addressing RQ1, we defined three additional subquestions refining the scope of our investigations. A particular emphasis arose on the
design of dynamic meetings and the practice of walking meetings specifically as a particular
opportunity to integrate physical activity within work.
This main research question is divided into the following four research questions:

new possible futures. They are accompanied in the present doctoral thesis by empirical
evaluations, bringing worthwhile insights into office workers’ behavior in relation to these
interactive artifacts and the underlying ways of working they support. Moreover, we provide
design recommendations for the development of future technologies and service design
elements to support walking meetings and active ways of working.
Furthermore, we present two provocative artifacts designed to question current practice

Research Question 2: How can we use existing office systems and

in sedentary behavior interventions. Relying on the approaches of speculative and critical

infrastructures to facilitate physical activity in office waork?

design, we aim to challenge the status quo and to spark discussion amongst designers and

Research Question 3: How can we design for walking meetings and
explore the use of supportive technology for this practice?
Research Question 4: How can we envision future roles of interaction

researchers in all fields interested in the domain of office vitality.
Finally, we explore and discuss the implications for the ongoing important paradigm shift
towards designing technologies that support physical activity at work.

design in facilitating active ways of working by means of speculative
design research?

1.10 CONTRIBUTIONS
This thesis makes several contributions to both theory and practice in the field of interaction
design for healthy office work.
Informed by a scoping review on digital tools and interventions to reduce sedentary
behavior in the office environment, we propose a new perspective on the integration of
physical activity into work while using existing office infrastructure, tools and services.
This understanding of the existing literature and design space was essential to put previous
work, mostly from the interaction design field, in context and expose the topics or areas that
need additional research.
Empirical findings gathered through a combination of qualitative and quantitative studies
provide a new understanding of facilitating physical activity in the office environment. By
identifying barriers and drivers of walking meetings, we inform on the role of technology
to support this practice. In addition, we reveal further insights through the exploration and

24

25

1

THESIS
SCOPING

EXPLORING

DEEPENING

OUTLINE
ENVISIONING

REFLECTING

Scoping the current

Exploring our

Deepening the

Envisioning the future

Reflecting on the

landscape of sedentary

understanding of and

design research

role of design research

contributions and

behavior and physical

supportive technology

field with three case

in facilitating active ways

implications of this

activity interventions

for walking meetings as

studies to see how

of working by means of

thesis.

using technology in

a promising means for

we can use existing

three case studies.

the office environment

physically active ways of

office systems and

by means of a scoping

work with two empirical

infrastructures to

review.

studies.

facilitate physical
activity in office
work.

1.11 THESIS OUTLINE

1

1.11.1 SCOPING

means for physically active ways of work and as an opportunity to use existing office systems
in the design. First, we aim to identify key triggers and barriers for walking meetings
and provide insights into how this format can affect meetings’ setup and social dynamics

In the first section, we sought to scope the current landscape of sedentary behavior and

(Chapter 5). Second, we explored the use of technological solutions that can support the

physical activity interventions using technology in the office environment. By means of

practice of walking meetings through a scenario-based online survey (Chapter 6).

a scoping review, we mapped different types of interventions and provided an increased

This section aims to open the discussion on how existing and emerging technologies

understanding of the opportunities for future multidisciplinary research and the

can support efficient walking meeting experiences. By identifying scenarios of use and

development of technologies that address physical inactivity in office work.

deriving recommendations for the development of future technologies and service design

RQ 1: What is the state of the art of technological tools and interventions to reduce sedentary

components, we address the third research question:

behavior or increase physical activity in the office environment?

RQ 3: How can we design for walking meetings and explore the use of supportive technology
for this practice?

1.11.2 EXPLORING
Guided by the outcomes of the scoping section, we explored the field of interaction design.

1.11.4 ENVISIONING

First, we present the design and evaluation of a cloud-based health promotion system

The fourth part of this thesis is an envisioning part in which we look forward to the future

that integrates tailored and context-aware health suggestions into the users’ digital work

roles of interaction design in facilitating active ways of working. By means of a case study

calendar (Chapter 3). We conducted two four-week field studies (N=21) to investigate the

and a pictorial (research article illustrated by pictures), we exemplify how design can engage

use of personal and contextual data to situate suggestions and the use of adapting user

people in the societal debate on physical inactivity (Chapter 7). Our first case study is a

profiles.

provocative design aimed to trigger thoughts about how we design for sedentary behavior

In the second part, we present two case studies that focus on integrating physical activity

interventions in the office context. We present the design and critical reading of ‘Ivy’ as to

with work (Chapter 4). We explore how interaction design can facilitate active ways of

counter the current trend of digitalization and quantification of health interventions and

working in the common office practice of having a meeting. With our first exploratory design

tools.

for physically active meetings, we studied how changing postures can be stimulated during

Our second case study presents ‘the Office Jungle’, a critical and provocative design that

meetings. Our second case study describes the conceptual development of a service design

provides an alternative reality of a future office environment. Through this design exemplar,

to stimulate and facilitate walking meetings. By merging the intervention mapping protocol

we showcase the benefits of bodily experimentation in unusual directions. The end result

of Bartholomew et al. (1998) with an iterative design process, we aim to provide insights on

opens discussions around the ability of office workspaces to offer more full body and dynamic

the integration of behavior change techniques into an interaction design process.

experiences. It also invites the HCI and design community to communicate openness to

RQ 2: How can we use existing office systems and infrastructures to facilitate physical

consider alternative and imaginative perspectives on embodied and tangible interaction.

activity in office work?

RQ 4: How can we envision future roles of interaction design in facilitating active ways of
working by means of speculative design research?

1.11.3 DEEPENING

1.11.5 REFLECTING

The third section of this thesis investigates the practice of walking meetings as a promising

The final part of this thesis (Chapter 8 + 9) draws together the contributions of this thesis
and provides an answer to the research questions.
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REVIEWING DIGITAL TOOLS
2

I

n this chapter, we scope the existing landscape of sedentary

and physical activity interventions that use technology in the office
environment. A systematic search was conducted in three digital
libraries to locate peer-reviewed scientific articles detailing sedentary
and physical activity technological interventions in office environments,
published between 2009 and 2019. The initial search identified
1130 articles, of which 45 studies were included in the analysis. Our
analysis focused on the technologies supporting the interventions,
which were coded using a grounded approach. The findings showed
two gaps in current practice. First, current sedentary and physical
activity interventions using technology provide limited possibilities for
physically active ways of working as opposed to the common strategy
of prompting breaks. Second, interventions are also often offered as
additional systems or services, rather than integrated into existing office
infrastructures. We conclude by discussing opportunities for future
development and research opportunities in this field.
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in workplace contexts have been developed by researchers from various disciplines. In
recent years, several systematic reviews have assessed these interventions [16–19]. The
reviews have shown that only a small portion of the interventions that were assessed had
a digital component. This is despite the fact that digital technologies have the potential to
“revolutionize the way individuals can monitor and improve their health” [20]. Personalized
services such as the Google goals calendar application [21], aim to increase reflection on
personal goals and thereby advance the effectiveness of the intervention [22].
Few reviews could be found that focused on or included interventions using technology. In
a systematic review on the effectiveness of SB workplace interventions by Chau et al. [23],

2.1. DIGITAL TOOLS TO REDUCE
SEDENTARY BEHAVIOR OR INCREASE
PHYSICAL ACTIVITY IN KNOWLEDGE
WORKERS
A crucial factor that negatively affects a person’s vitality is the lack of physical activity (PA)

three studies had a technological element [23-26] consisting of either email or the use of a
pedometer. Another four studies were included in a review by Shrestha et al. [27], involving
computer prompts [28-30] and e-newsletters [31]. In a study by Bort-Roig et al. [32] on
smartphone strategies to influence physical activity, a total of 17 articles were reviewed.
This study concluded that smartphone strategies tended to be ad hoc rather than theorybased [32]

and high levels of sedentary behavior (SB) throughout the day [1]. Prolonged periods of

In 2017, Stephenson et al. [15] systematically reviewed computer, mobile, and wearable

sedentary behavior, characterized by waking behavior equal to or below 1.5 METs [2], can

technology SB interventions for healthy adults and found that these interventions can be

have a severe effect on health [3–5]. Sedentary behavior is associated with the development

effective in reducing sitting time. Their meta-analysis of 15 studies showed a mean reduction

of diseases such as type II diabetes, cardiovascular diseases, colon and breast cancer,

of 41 min/day in the intervention group at end-point follow-up. Another systematic review

increased morbidity, and premature mortality [3,5–10]. Our increasingly sedentary lives

focusing solely on digital SB interventions was conducted by Huang et al. in 2019 [17]. This

have thus become a major public health risk [11]. Conversely, engaging in physical activity,

work differed from previous reviews by classifying technological features and annotated

defined as any body movement that raises energy expenditure above resting metabolic rate

technological configurations of the interventions. In addition, they included engineering

[12], is positively linked to improved vitality [1].

and computer science literature, while other reviews mainly included health and life science

To combat the negative health effects of prolonged sitting, it is important to integrate physical
activity into daily routines and reduce the amount of sedentary behavior. This, however,

literature. Huang et al. conclude that interdisciplinary collaborations can help to maximize
the potential of technologies in SB interventions.

proves difficult in office contexts. We currently spend up to 71% of our working hours sitting

When developing an understanding of the opportunities for future development of SB

[13], and trend analysis indicates that sedentary behavior will continue to increase in the

and PA interventions using technology, it is important to including research from the

near future [14]. To counteract

fields of public health, engineering, and computer science, but also the fields of industrial,

this trend, there is a growing need to investigate how to increase PA and reduce SB in office
settings. In addition, a growing body of work shows that increasing and embedding physical
activities in work routines does not only increase workers’ health and wellbeing, but also
improves social interaction and work performance [15].
A myriad of interventions targeting sedentary behavior (SB) or physical activity (PA)
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architectural, and urban design. It is in these fields especially that we see the development of
new and explorative approaches and interventions using technology. By rapid prototyping,
development, and piloting of novel digital technologies, these fields may lay the groundwork
for the development of future health-promotion technologies.
The findings of this review can inform both the public health and design research field,
as well as how these different fields can benefit from each other’s work. An increased
41

2

understanding between these research fields and multi-disciplinary expertise is crucial in

2

the development and evaluation of digital health interventions [33] This review therefore
provides considerations for the development of future SB and PA interventions using
technology, as well as implications for more collaborative and interdisciplinary work
utilizing these interventions.

2.2. MATERIALS AND METHODS
2.2.1. SEARCH AND SELECTION
A literature search was conducted in the Association for Computing Machinery (ACM) digital
library, the interdisciplinary library Scopus, and the Institute of Electrical and Electronics
Engineers (IEEE) Xplore Digital Library. The search included full-text scientific articles,
case studies, and late-breaking work published between January 2009 and June 2019. All
libraries were searched for designs or interventions aimed at increasing PA or reducing SB
of knowledge workers using digital technology.
A search strategy was performed on title, abstract, and keywords using the following
keywords: “sedentary” OR “sitting” OR “physical activity” OR “inactivity” AND “office OR
work*” AND “intervention” OR “design” OR “present*” OR “propose”. The search excluded
“children” and “patient*”. To adjust the search to the nature of the different databases, two
additions were made to the search queries. To limit the search in Scopus to designs with a
digital component, the string “technology” OR “digital” was added. For the IEEE search, an
extra exclusion string was added to exclude all SAT- and car-related papers. In addition to
the database search, reference lists of existing reviews [15,17,24] on workplace SB reduction
and PA promotion were manually searched to identify additional eligible studies. Titles and
abstracts were reviewed for eligibility based on the following including criteria:
1.

Presents a design targeting reduction of SB or increasing PA or both

2.

Partly or exclusively during office hours

3.

Including digital technology in the delivery

4.

Published in the English language

5.

Published in peer-reviewed scientific journals or conference proceedings
between 2009 and June 2019
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2.2.2. DATA SYNTHESIS
A grounded approach was used to develop a coding scheme for analysis of the designs. Two
authors independently coded nine designs for an initial coding scheme. Consensus on the
scheme was sought by including a third and fourth author. Based on the coding scheme, all
eligible studies were reviewed, and the designs were annotated. The following information

Records screened based on title
and abstract after duplications
removed (n = 1130)

Records screened
(n = 1130)
Records excluded
based on title and
abstract (n = 1074)

was extracted: publication data, design details like mode of delivery, underpinning theories,

Eligibility

behavior change techniques, objectives, targeted behavior, and details on the input and
output of the design.

Additional records identified
through other sources (n = 5)

Records identified through
database searching (n = 1258)

Screening

resolved by including a third author to reach a consensus about study inclusion.

Full-text articles
assessed for eligibility
(n = 61)

Included

2

of titles and abstracts. The selected papers were cross-checked, and any discrepancies were

Identification

The selection of studies was done independently by the first two authors based on a screening

Studies included in
quantitative synthesis
(n = 45)

Full-text articles excluded,
with reasons (n = 16)
no design (n = 5)
no SB/PA (n = 3)
no technology used (n = 2)
no office (n = 6)

FIGURE 2.1. SELECTION OF STUDIES: PRISMA (PREFERRED REPORTING ITEMS FOR SYSTEMATIC
REVIEWS AND META-ANALYSES) FLOWCHART.

2.3. RESULTS
2.3.1. STUDY SELECTION
A structured database search identified 1258 potentially relevant abstracts (Figure 2.1).
After removing 128 duplicates, 1130 unique references remained. The titles and abstracts
of these articles were screened, after which 61 articles were selected for potential inclusion
(Figure 2.1). Out of those, papers were excluded if there was no design presented (n = 5), if
it had no digital component (n = 2), if the intervention did not target SB or PA (n = 3), or if
it did not partially or fully target the office environment (n = 6). In total, 45 relevant articles
were included in this review (Table 2.1).
44

45

2

1

2010
1
1

Europe
23

North America
45

2009

46
Asia
Oceania
67

Multi-Continent

FIGURE 2.2. NUMBER OF INCLUDED ARTICLES BY YEAR OF PUBLICATION AND CONTINENT OF
8

AUTHORS.

47

Breaksense

Stimulight

Workwalk

1

Damen et al. [41]

2011
11

8

1
1

Cambo et al. [40]

1
1

7

2012

6

61

4

-

1

Brombacher et al. [39]

4

6

2

Fidgebot

1
22

Brandstetter & Liebman
[38]

2013
1

5

01
1

209

2

Health Integrator

2014
1

Bonn et al. [37]

1

4

2015

56

2016
2

stAPP

4
1

Arrogi et al. [36]

2017
1

3

5

160

4

N.S.

2018

Andersen et al. [35]

interdisciplinary character; it was thus complex to make a clear demarcation of the research

Encouraging mobility during
breaks

Improving physical activity
level of of�ice workers

Encouraging the use of
standing desks and “microexercises”

Healthier lifestyle behaviors
(e.g., diet, physical activity,
sleep)

Interrupting and reducing
prolonged sitting behavior

Physical outdoor walking
Encouraging and supporting
route, which could be booked the practice of walking
through the room booking
meetings
system

Smartphone application
using a Bluetooth beacon
infrastructure and a
smartwatch

Tangible, ambient design to
visualize physical activity
level and share it with coworkers

Nao robot

Platform offering a variety
of public, private, and
community services

Smartphone application

Email-based encouragements Encouraging daily stair-walks
together with colleagues

Encouraging and supporting
the practice of walking
meetings

digital health. However, it must be noted that many of the journals and conferences had an

2

science journals or conference proceedings, and 9 studies were published in the field of

Walking meeting concept
mediated with a mobile app

in the field of human–computer interaction (HCI), 12 studies originated from computer

11

and 2019 (Figure 2.2) by 41 different first authors. Twenty-four studies were published

Brainwolk

studies were published in 27 different journals or conference proceedings between 2010

Objective(s) of the
intervention

The 45 included papers presented 47 unique designs to combat physical inactivity. The

Ahtinen et al. [34]

fields to precisely categorize the papers in this review.

Description Design

Of the 45 included papers (Figure 2.1), 9 were full text journal articles, 22 were full-text

1

2019

User
Evaluation
(n)

conference proceedings articles, and 14 were short (work-in-progress) conference papers.

Name of the
Design

2

Study

2.3.2. SUBMISSION TYPE AND VENUE
TABLE 2.1. DESCRIPTIONS OF INCLUDED STUDIES.

2

48

Güldenpfennig et al. [49] N.S.

16

Haque et al. [50]

Harjuniemi et al. [51]

He & Agu [52]

Hirano et al. [53]

Kanaoka & Mutlu [54]

Khot et al. (2013) [55]

Khot et al. (2015) [56]

17

18

19

20

21

22

23

Study

Grundgeiger et al. [48]

Name of the
Design

49

EdiPulse

Sweatatoms

N.S.

Walkminder

On11

Idle Stripes Shirt

iGo

N.S.

Steptacular

15

Healthy Team
Healthy U

ESTHER 1.3

Gomes et al. [47]

Garcia et al. [45]

12

StepMatron

14

Foster et al. [44]

11

MoveLamp

Goldberg et al. [46]

Fortmann et al. [43]

10

Name of the
Design
FitAware

13

Esakia et al. [42]

9

Study

-

-

24

8

7

-

26

User
Evaluation
(n)

2

5

2980

466

14

10

10

7

User
Evaluation
(n)

Assisting employees in
promoting their physical
activities

Objective(s) of the
intervention

Establishing connectedness
through the shared
experience of positive
behavior change

Combating sedentary
behavior based on human
movement research and
distributed prospective
memory

Encouraging people to walk
more

Team-based health promotion
and wellness program

Active mini cycles of selfre�lection on physical activity

Motivating physical activity in
the working environment

Moving more frequently and
taking more steps each day

Encouraging group
cohesion in physical activity
intervention

Objective(s) of the
intervention

3D-printed chocolates
displaying cheerful messages

3D-printed objects using the
heartbeat pattern

Humanlike NAO robot
acting as a motivational
agent through motivational
interviewing

Smartphone application
using vibrations

Smartphone application

Opening new interaction
possibilities supporting the
physical activity experience

Making the experience of
participating in physical
activity more engaging
beyond screen-based
feedback

Increasing motivation for
behavior change by talking
about and re�lecting on the
causes of lack of motivation

Interrupting extended
periods of inactivity and
encouraging a more active
lifestyle

Making people more aware
of their unhealthy behaviors
by highlighting sedentary
behaviors

Aesthetic, clothing-integrated Creating awareness of
display
immobility periods during
typical sitting-intensive of�ice
work

Smartphone application

Description Design

TV visualization including
ambient light system

Smartphone application

Online interactive incentive
system

Digital platform

Android pedometer
application

Facebook application,
designed to provide social
and competitive context for
daily pedometer

Ambient light display

Three-component system
including a smartwatch
interface, companion
application, and website.

Description Design

2
2

50

Maxhelaku et al. [63]

Min et al. [64]

30

31

51

Probst et al. [69]

Reeder et al. [70]

Ren et al. (2019) [71]

Ren et al. (2018) [72]

37

38

39

Munson & Consolvo [68] Goalpost & Goalline

35

36

Mukhtar & Belaïd [67]

34

PCFT intervention

LightSit

Breakbot

3D Active chair

Sedentaware

(NEAT)-Lamp and
Talking Tree

Moradi and Wiberg [66]

33

WargaFit

Mohadis & Ali [65]

Name of the
Design

Pretty Pelvis

N.S.

Healthbar

Breakout

Time for Break

Motivate

BeatClearWalker

TastyBeats

Name of the
Design

32

Study

Mateevitsi et al. [62]

Luo et al. [60]

27

29

Lin et al. [59]

26

Madeira et al. [61]

Komninos et al. [58]

25

28

Khot et al. (2015) [57]

24

Study

User
Evaluation
(n)

20

50

NS

-

23

4

6

8

-

-

8

10

25

6

20

NS

User
Evaluation
(n)

Activity tracker and
smartphone application

Sensor mat embedded into
an of�ice chair and a lighting
display

Emotionally expressive
companion robot

Interactive of�ice chair

Smartphone application

Smartphone application

Sensor-based lamp
connected to a computer

Smartphone application

Description Design

A virtual pet application

Smartphone application

Ambient persuasive device
(light)

Ambient feedback prototype,
tangible design

A break-prompting system

Smartphone application

Smartphone application
including a music player

A personalized sports drink
representing the user’s heart
rate data

Description Design

Fitness breaks

Helping people reduce
physical inactivity and
managing chronic stress at
work

Encouraging employees to
take breaks and socialize
regularly

Reducing sedentariness
through smooth integration
of light physical activity into
the daily work routine

Supporting weekly physical
activity goal setting and
tracking.

Motivating users to take
corrective actions, after
detecting prolonged
sedentary behavior

Increasing daily movement

Encouraging simple physical
activity, doable in an of�icebased environment (such as
walking and stretching)

Objective(s) of the
intervention

Persuading social actors
for prolonged engagement
toward the breaking of
sedentary behavior

Giving information on how
active people are and how
they can improve their life
and implement a program
with activity tracker

Helping users break up their
prolonged sitting habits

Recommending breaks
of sedentary behavior at
appropriate times

Enabling people to set their
desired work duration and
prompting them to stand up
or move

Providing personalized and
contextualized advice on
physical activities

Helping users to learn how to
walk at a moderate cadence

Expanding the understanding
technology potential to
support the energy cycle
when being physically active

Objective(s) of the
intervention

2
2

Providing posture
information

11 papers that did use a theoretical model, the most commonly used theory was the
transtheoretical model (25%) [37,58,68], followed by the theory of planned behavior (17%)
[41,46] and self-determination theory (17%) [50,74]. Five other papers based their designs
on, respectively, persuasive system design model [65], goal setting theory [55], distributed
prospective memory approach [48], social cognitive theory [38] and social learning theory
combined with the theory of reasoned action [46].

N.S.

7

Cushion seat pan and
backrest surface

TABLE 2.2. BEHAVIOR CHANGE TECHNIQUES USED IN THE STUDIES INCLUDED IN THE

Xu et al. [12]

Helping screen-based
workers to reduce sedentary
behavior
Context-aware reminding
system using an always-on
progress bar (light)
8
SedentaryBar
Wang, Reiterer [77]

Providing users with an
emotional incentive for
exercising
Projected avatar acting as a
persuasive physical trainer
2
Mootchi
Wai Shan Ng and Ehud
Sharlin [76]

Providing timely persuasive
messages suggesting active
breaks
Smartphone application
86
Sitcoach
van Dantzig et al. [75]

Promoting an active lifestyle
Smartphone application
130
Active Coach
Simons et al. [74]

Relaying an object from a coworker to another as a �itness
task
A social exergame mediated
by a connected cubic desk
widget in a gift format
5+3
Step-by-Step
Ren et al. 2019 [73]

Of the 45 studies, 34 did not specify a theoretical underpinning of their design. Of the

ANALYSIS.

Behavior Change Technique

Studies

Rewards

[36,40,42,44,47,49,50,55,57,63,68,70,78]

Creating awareness/self-re�lection

[36,46,49,51,52,57,59,65,70]

Social support/sharing

[35,39,41,42,46,49,68,72,73]

Goal setting

[37,40,46,52,68,72,74]

Persuasion

[34,38,62,67,79]

Education/instruction/providing
information

[12,35–37,74]

Prompting

[45,60,80]

Self-re�lection/self-monitoring

[68,74]

Tailored feedback

[36,71]

Restructuring the physical environment

[34,41]

Restructuring the social environment

[41]

Reframing beliefs

[38,41]

Gami�ication

[40]

Motivational interviewing

[54]

Positive feedback

[76]

Habit formation

[41]

Social cues for motivation

[38]

Competition

[44]

Not speci�ied

[48,53,58,59,61,65,69,75]

Eighteen different behavior change techniques (BCT) were specified in the papers, although
17 studies did not specify any BCT (Table 2.2). The most used BCT was the use of rewards,
for instance through gamification processes (e.g., earning points). Another common strategy,

52

45

44

43

42

41

included in nine papers, was to include social support or sharing experiences with peers in
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Objective(s) of the
intervention
Description Design
User
Evaluation
(n)
Name of the
Design
Study

2

2.3.3. THEORETICAL UNDERPINNING AND
BEHAVIOR CHANGE TECHNIQUES

the intervention.
53

2

2.3.4. TARGETED BEHAVIOR
2

Twenty-six interventions were specifically designed for the office environment, while 19
studies had a more generic approach in which they did not specify the context of use. Eight
papers reported an evaluation of their intervention on SB or PA [35,37,43,65,66,77,78].
Thirty-three studies did not give a definition of PA or SB, while nine studies provided a
definition of PA and four studies offered a definition of SB (Table 2.3).

the users current behavior to let them reflect and act on their behavior. The most commonly
used form of delivery was via prompting or messages. This strategy was adopted by 18
interventions. Seven interventions aimed to create opportunities for users to perform the
targeted behavior [34,38,41,52,58,69,76]. Only one intervention aimed to transform old
behavior into new, healthier behavior. This study by Probst et al. [69] provided office workers
with the possibility to use tilting, rotating, or bouncing movements on an interactive chair to
control their workplace computer.

TABLE 2.3. STUDIES DEFINING SEDENTARY BEHAVIOR (SB) OR PHYSICAL ACTIVITY (PA) IN
TABLE 2.4. APPROACHES IN TARGETED BEHAVIOR IN THE INCLUDED INTERVENTIONS.

INCLUDED INTERVENTIONS.

Targeted Behavior

Studies

Approaches / Targeted Behavior

Studies

Physical activity

[35,43,46,53,58,65,66,74,77]

Learning new behavior

[69]

Sedentary behavior

[36,45,48,60]

Creating opportunities

[34,38,41,52,58,69,76]

Not de�ined

[12,34,37–42,44,47,49–52,54–57,59,61–64,67–73,75,76]

Creating awareness

[12,35–37,39,40,42–51,53–57,59,60,62–68,70–77]

Although the majority of the papers did not provide a definition of SB or PA, a general
distribution of the main targeted behavior could be made based on the description of the

2.3.5. TECHNOLOGY TYPE

interventions. Just over half of the interventions targeted PA (24) while 9 interventions

Several types of technology were used in the interventions (Table 2.5). Nineteen studies

targeted SB and 12 targeted both PA and SB. More specifically, 18 interventions targeted

presented an intervention with a physical component (42%), such as a robot or an interactive

break-taking behavior, 20 interventions targeted non-work-related PA, 3 interventions

lamp, while 26 of the studies (57.8%) showed purely digital designs like applications or

targeted work-related tasks, and 4 interventions were categorized as “other targeted

computer software. Of the 19 studies with a physical component, 6 used a lamp as their

behavior”. The studies that were categorized as other targeted behavior included an

primary feedback mechanism, 3 used a chair, 3 designs used robots, and 2 used 3D printing

intervention to moderate and maintain cadence [58], one intervention that stimulated

to represent physical activity (Figure 2.3; examples in Appendix). Of the five remaining

connectedness using an ambient light system and PA visualizations on a screen [49], and

interventions with a physical component, one intervention used an ambient desk object [61],

two designs that targeted multiple lifestyle factors including diet, sleeping habits, and PA

one intervention used an interactive fountain [57], one intervention integrated a physical

[37,46]. Of the three work-related behavior interventions, two designs aimed to stimulate

line in a service design for walking meetings [41], and one was an interactive shirt [51].

walking meetings [41,49] and one intervention used movement on an interactive chair to
control a workplace computer [69].

Twenty-four interventions were purely digital, of which phone applications were most
common. Phone applications in combination with wearables were often used to give

Another distinction could be made in the different approaches the interventions adopted

information or prompts, and as a data collection tool. Seven interventions did not have

to obtain the targeted behavior, namely creating awareness, creating opportunities, and

a physical component, of which one used break-prompting software [60], one used a

teaching new behaviors (Table 2.4). The number of interventions that were classified as

projected avatar [76], one was an email-based intervention [35], and four were platform-

“creating awareness” exceeded the number of papers that stated intent to use awareness

based interventions [37,44,46,47]. Figure 2.3 shows the different types of technologies used

as a BCT, for instance because they used prompts to inform the user of prolonged sitting

by the interventions in relation to the targeted behavior.

behavior. These interventions were categorized as creating awareness, even though this was
not stated in the paper as a BCT. Twenty-three interventions aimed to create awareness of
54
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TABLE 2.6. INPUT MEASURES OF INCLUDED INTERVENTIONS.

2

Input Measures

2

3D printing
Robots

1

2

Chair

1

2

1
2

3

Lamp
Phone application

1

7

Other, without physical component

1

4
2

Other, with physical component

0

9

2

Studies

Step count

[1,4,5,13,16,29,31,32,37,41,46,48,52,54,5
7,62,68,71,72,74,81]

Heartrate

[38,40,55,57,71,78]

Motion or gestures

[48,52,61,62,66,69,76,77]

Caloric intake or energy expenditure

[37,52,63]

1 1

2

Several types of objective data were collected as input measures by the interventions.

1

Twenty-one interventions used step count as input, six measured heartrate, eight used

5

10

15

Interventions targeting break taking behavior

Interventions targeting non-work related PA

Interventions combining PA with specific work tasks

Interventions with other targeted behaviors

20

motions or gestures as input, and three calculated caloric intake or energy expenditure
(Table 2.6). Thirteen interventions used real-time data collection in their interventions.
Of the 45 interventions, 7 employed existing infrastructures or tools. The tool most

FIGURE 2.3. APPROACHES IN TARGETED BEHAVIOR IN THE INCLUDED INTERVENTIONS WITH A
PHYSICAL COMPONENT.

commonly used to build upon was the office chair [12,69,71,72]. Two interventions used
office communication software in their design, by means of email [35] or a room booking
system [41]. One intervention used a social communication channel (i.e., Facebook) as a

TABLE 2.5. TECHNOLOGY TYPES OF INCLUDED INTERVENTIONS.

Technology Type

platform for their design intervention [44].In addition to the seven studies that used existing
Studies

Lamp

[39,43,49,62,66,77]

Chair

[12,69,71,72]

Robots

[38,54,70]

3D printing

[55,56]

Phone application

[34,36,40,42,45,48,50,52,53,58,59,62,64,
65,67,68,74,75]

Other, with physical component

[41,51,57,61,73]

Other, without physical component

[35,37,44,46,47,60,76]

tools and digital services, there were two studies that restructured the built environment.
The intervention “Breaksense” by Cambo et al. [40] introduced a Bluetooth beacon
infrastructure to promote context-aware physical breaks within the workplace. Bluetooth
beacons are low-energy devices that enable portable devices such as phones to be identified.
By using this structure, Breaksense was able to trigger an action if a knowledge worker was

56

close to a beacon, thereby encouraging workers to explore the office environment. Damen et
al. [43] restructured the office campus environment by adding a physical line to their service
design for walking meetings.
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transforming sedentary work behavior into physically active work behavior [41,69,79].
This finding was consistent despite the increased interest in sustainable performance at
work, which extends the focus of worker health and wellbeing to health and wellbeing while
maximizing work performance [82]. Interventions that focus on integrating physical activity
with work may be more suitable to maximize work performance, compared to interventions
that approach physical activity as a break from work. However, more work is needed on how
SB and PAinterventions can link to work performance.
In addition, the two most common intervention strategies in our review were rewarding
“good “behavior and creating awareness of “bad” behavior. Other frequently used techniques

2.4. DISCUSSION
This review set out to scope the landscape of technological sedentary behavior (SB) and
physical activity (PA) interventions used in the office environment. Through a systematic
literature search in the Association for Computing Machinery digital library, the
interdisciplinary library Scopus, and the Institute of Electrical and Electronics Engineers
Xplore Digital Library, we identified and analyzed 45 interventions published between
2009 and 2019. This review provides an overview of the study characteristics, including
a description of the interventions, intervention objectives, theoretical underpinning, and
behavior change techniques. The analysis revealed two important gaps in the current
research and development of technological SB and PA interventions.
A first underexplored opportunity in current interventions is the use of existing
infrastructures. Seven studies employed existing office tools or systems, like chairs and
emailing software. More often, interventions are offered as additional systems, tools, and
services—an extra application on a phone or a robot is used to deliver SB or PA interventions.
In future investigations, it might be possible to examine whether integrating interventions
into existing office infrastructure will lower the threshold for people to use a system. Using
existing systems and tools might limit additional the time investment required of users,
which is an important design consideration for health-promotion interventions [11].
Second, the results showed that a clear distinction could be made in the objectives of
the interventions. While a frequently adopted strategy of the interventions was supporting
break-taking behavior, only a handful of studies attempted to create new, more active ways
of working, i.e., how work can be transformed to be more physically active by making
physical activity a more integral part of work and not merely a break from work, for instance
by targeting walking meetings [41,79]. Only three studies targeted work-related tasks by
58

included goalsetting, persuasion, and creating social support. The use of these behavior
change techniques is in line with previous work on effective strategies in SB interventions by
Gardner et al. [83] and Bort et al. [32]. These reviews found that persuasion [83], goal setting,
and social support [32] were among the most promising behavior change techniques for SB
interventions. Other highlighted strategies were environmental restructuring (i.e., changing
the physical or social context), education and training, self-monitoring, and problem solving
[32,83]. However, these techniques were only seldom used in the interventions included
in this review. Moreover, eight of the included studies did not specify any behavior change
techniques. In future work, researchers should thus strive to formulate behavior change
techniques more clearly to create a more unified terminology for intervention strategies.
In addition to formulating behavior change techniques, more clarity is needed on how SB and
PA are defined within interventions. This review showed that a mere 12 of the included 45
interventions provided a definition of SB and PA. By adopting a unified terminology, a more
profound exchange can be made between studies detailing development of interventions and
evaluation studies. This can facilitate the adoption of novel technologies and interventions
from design and engineering fields to be used in other fields. This is particularly important
since the research and development of technological health interventions requires a
multidisciplinary approach [33].
Our scoping review had a couple of limitations. First, by restricting our search to three
databases, we may have excluded relevant publications. Similarly, by limiting our scope
to scientific literature, we may have missed interventions that are used in practice but
have not been reported on in the academic literature. We did, however, provide a broader
scope than previous work by including short papers. By including exploratory or “latebreaking” work, we increased the chances of a more diverse scope of novel technologies
being reviewed in this study. Focusing our review mainly on artefacts rather than studies, we
59
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3

I

n chapter 3 we address one of the gaps found in our scoping

review (chapter 2) on the existing landscape of sedentary and physical
activity interventions that use technology in the office environment.
From our review, we found that interventions are often offered as
additional systems or services, rather than integrated into existing office
infrastructures. In this chapter, we present the design and evaluation of
Tweak, a cloud-based health promotion system that integrates tailored
and context-aware health suggestions into the users’ digital work
calendar. In addition, Tweak addresses two challenges found in digital
behavior changes interventions (DBCI) for health promotion. These
challenges are the appropriately tailoring of interventions and finding
new forms of delivery. Two four-week field studies (N=21) showed
how Tweak adapted to changing user profiles and used personal
and contextual data to situate suggestions. User insights showed
that integration into the calendar stimulated reflective behavior and
curiosity and was perceived as easy to use. However, due to differences
in calendar use, suggestions could be overlooked. We conclude by
discussing implications on how integrated delivery mechanisms can aid
the development of future workplace DBCI.
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interventions [16,24]. At the same time, providing too much control over an intervention
might require too much cognitive load and will limit its use as well [10]. Therefore, timing,

3

control and convenience need to be balanced in the design of DBCIs. Examples of current
solutions and strategies can be found in the work of Züger et al. [27] and Park et al. [19].
Their work shows that using natural breaks and computer usage to estimate the timing of
an intervention improves the appropriateness of the intervention.
Although current examples of tailored interventions hold great promise, a common strategy
of these digital health promotion interventions is to make use of a single parameter, like
prolonged sitting [4]. This could lead to a mismatch in individual experiences or expectations

3.1. DIGITAL BEHAVIOR CHANGE
INTERVENTIONS

and the intentions of an intervention [3]. To deal with the complexity and the great number of
variables that influence health (e.g. relaxation, nutrition, physical activity) and to do justice
to individual differences, a multi-component approach to health in DBCIs is needed [21].

The last two decades have seen a growing trend towards health promotion at work [13].

To explore new tailoring and delivery strategies with a multi-component approach to health,

Occupational health promotion has a profound effect on workers’ health and well-being,

we developed a calendar-based health promotion system called ’Tweak’ (Figure 3.1). The

resulting in reduced absenteeism, impaired work performance and lower health care costs

work calendar is used as a data source for the system as well as a non-intrusive means of

[9]. Digital interventions to support healthy behavior, often referred to as Digital Behavior

delivery. The health suggestions are tailored to personal and contextual factors that change

Change Interventions (DBCIs), employ digital technologies such as mobile application

over time. A personal health profile is created based on seven factors that include subjective

technology and sensors to achieve this goal [26]. DBCIs can promote healthy behaviors

data such as perceived need for relaxation and sensor-based health data such as step count.

of office workers in a cost-effective, scalable, and personalized way and have therefore

The contextual data is based on calendar data and weather information. By combining these

attracted growing interest from health promotion practice and research over recent years

data sources, Tweak selects a health suggestion from a predefined list that is most suited to

Our understanding of effective design and deployment of DBCIs in context is still limited
[17]. As mentioned by Michie et al. (2017), ’we are still mainly in the age of promise rather
than delivery’. New experimental designs can advance the potential of DBCIs, for instance
by utilizing rich data streams of multiple health factors [17]. Health factors such as physical

the health profile and contextual data and seeks a convenient time slot for this suggestion in
the workers’ digital calendar. For example, if a user finds physical activity important, their
step count is low, and the weather conditions are good, Tweak schedules an outdoor walking
meeting suggestion.

activity, nutrition, and relaxation, combined with contextual factors like the weather and

In this study we aim to expand the body of knowledge on the design and implementation of

work schedule can be used to tailor interventions to personal preferences and design new

DBCIs by exploring new forms of delivery and ways of adapting to changing user needs. Our

strategies to deliver information to users in a more appropriate way. To advance DBCIs,

contribution is twofold. First, we present a novel design: Tweak, as an example of how to use

Yardley et al. [26] defined four priority topics based on expert consensus: 1) improvement

the calendar as a means of delivery for tailored health suggestions. Second, we implement

of effective engagement, 2) enhance methods of analysis for DBCI, 3) tailor interventions for

and evaluate Tweak to understand how to use personal data, contextual data and the

personal and contextual needs, and 4) investigate implementation of DBCIs with new forms

existing work calendar to tailor health suggestions to the work schedule and personal health

of intervention delivery. In this study we focus on the latter two of these priority topics.

differences. We discuss design considerations for the development of DBCIs for health to

Inappropriate timing or interrupting work for health benefits can lead to frustration, people

improve engagement and integration in daily work practice.

ignoring the intervention or loss of interest in the intervention all together [27]. To improve
the timing of interventions it is important to provide more control and autonomy over the
72

73

3

Calendar. It allows for setting personal health goals and finding the right time to schedule
these events. It does not, however, allow for more exploratory behavior in trying out new


healthy habits nor use a multi-component approach to health.

  

 
 
 

 











  


   

 

 

A Walking Meeting lets you enjoy a bit of sunlight
and an increase in Vitamin D. It’s the best medicine
against a winter dip!

In line with the Do Something Different approach [6], Tweak aims to the let users explore
new healthy habits during their workday. To provide users with a diversity of suggestions,
Tweak offers one short and actionable suggestion every day, selected by the system from the

FIGURE 3.1. IMPLEMENTATION OF A TWEAK SUGGESTION IN THE MICROSOFT OUTLOOK
CALENDAR

3.2. INTERVENTION DESIGN
In the development of Tweak as an occupational health-promotion tool, a multidisciplinary
group of designers, health professionals, developers and potential users worked

suggestion database. This database is comprised of 46 suggestions (Table 3.1) and is based
on expert consultation with health professionals. Following the work of [8,21], Tweak aims
to tailor the selection and delivery of these suggestions using various data inputs. This data
stream is comprised of a combination of sensor-based and subjective data and uses four
different data sources, namely 1) survey data, 2) activity tracker data, 3) weather data and
4) Outlook calendar data.

collaboratively on the design of Tweak. After several work sessions, this group formulated

The subjective data sources consist of two online surveys conducted during the onboarding

the following design requirements for the intervention design; 1) The design should

of participants and a weekly automated short survey to collect user preferences. The two

conveniently time interventions fitting to the users work routine, 2) the design should have

online onboarding surveys gathered information on seven health parameters: energy,

a multi-component approach to health and 3) the design should be adaptive to individual

motivation, resilience, physical activity, sedentary behavior, nutrition, and relaxation. These

variation and changes over time.

parameters are based on a delphi study on vitality by Strijk et al. [23] and the work of Proper
et al. [22]. The automatically generated weekly survey, collected preferences on usage,
relevance of the suggestions and whether users wanted to receive similar suggestions. For

3.2.1. TWEAK DESIGN CONCEPT
Tweak is a health promotion tool that delivers one ’healthy behavior’ suggestion a day as
an event in the Outlook calendar of an office worker (Figure 3.1). The calendar serves as

the sensor-based data, a wearable fitness tracking sensor (Fitbit) was used to measure
physical activity and sedentary behavior. The user health profiles were adjusted daily, by
combining the weekly survey data and the continuous sensor-based data.

the output modality (i.e. daily suggestion) as well as an input modality (i.e. for contextual
data). As a calendar provides a representation of a workers’ schedule and their routines,
it can offer rich contextual data [11,20]. This contextual data, like the number of meetings

3.2.2. TECHNICAL REALIZATION

in a day, is important for the timing and personalizing of an intervention. However, in

Tweak is created as a cloud-based data collection and processing system that gathers data

most interventions obtaining this type of data requires time and effort of the user [14]. By

from the following connected services: Fitbit (physical activity (PA)/ sedentary behavior

automatically taking existing appointments and blocked time slots into account, Tweak aims

(SB)), Jotform (Survey), and Cronofy (Outlook). It also retrieves weather information from

to limit this additional effort and maximize convenient timing of suggestions.

WeerOnline.nl. The collected data is stored and used as input values for the component

In 2016, Huang et al. [11] studied the role of integrating visualizations of quantitative health
data into a calendar. Their research shows that the effort to gather and integrate data should
be minimized for the user. An important self-declared limitation in their study was the fact
that they built their own calendar instead of using an existing calendar system. An example
of an integrated health suggestion system is Google Goals [7], a planning feature using Google
74

scores that inform the user profile. Tweak uses existing norms such as physical activity
guidelines [25] to ascertain how well a user is doing and what type of suggestion is
appropriate. The selection of the suggestion is based on the state of the user profile at the
end of every day. Components with the highest scoring values will determine which type of
suggestion is delivered to the user. For example, if a user has been sitting too much last week,
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there is a higher likelihood that the user will receive a physical activity related suggestion. In
addition, the user profile values are adjusted weekly by means of a 5-minute weekly survey.
This survey is generated based on the events that were pushed to the user that week, sent

3

3

by email, and responses are logged in the database. By means of the Cronofy API a relevant
health suggestion from the pre-defined suggestions database is pushed as an ’event’ to the
Microsoft Outlook calendar of the user. The selected health suggestion is placed into the
user’s calendar to fit their schedule and in line with specific suggestion time limitations,
such as lunch suggestions between 11.00h and 13.00h. Like a normal calendar appointment,
the Tweak-suggestion has a specific duration, title and body text (Table 3.1). The user can
choose to execute, reschedule, or delete the event. Depending on the individual personal

3.3. STUDY DESIGN

calendar settings, people will receive a reminder of the Tweak-suggestion before the event
is scheduled. Additionally, if people have set up their work calendar on their mobile phone,

3.3.1. PARTICIPANTS

they can receive a phone notification as well.

Two four-week field studies with a total of 21 participants were conducted in two different

TABLE 3.1. AN OVERVIEW OF THE COMPONENTS AND ONE SUGGESTION EXAMPLE PER

office settings in the Netherlands. The first study (A; N=9) was carried out at the university

COMPONENT
Component
Physical Activity

of the researchers, to ensure quick detection and correction of possible technical errors. The
Header Text
Take the Stairs

Body Text
Taking the stairs is a healthy and sporty activity.
How many stairs can you take today? Set a
realistic goal for yourself.

Timeslot
8.00-18.00

Duration
5-10 min.

Sedentary Behavior Hours of Sedentary
Behavior

Variety is good for a dynamic work routine. Try to 8.00-10.00
use an exercise ball today.

30 min.

Energy

Map activities

What costs the most concentration? Make a top 5.

8.00-18.00

5-15 min.

Motivation

Do not disturb

Close your mailbox for a while to work without
distraction.

8.00-16.00

15-60 min.

Resilience

New route

Occasionally breaking habits can help you manage 13.00-18.00
stressful situations.
Try taking a new route home today.

15-60 min.

Nutrition

Enough water

Fill a bottle of water.

8.00-10.00

15-60 min.

Relaxation

Muscle Tension

Flex all your muscles for 3 seconds and relax
again.

8.00-18.00

5 min.

second study (B; N=12) was conducted at the office of a major construction company. The
inclusion criteria were (1) no more than six leave days during the study, (2) self-reported
sedentary time equal or exceeding 75%of their working hours, (3) full-time employment
and (4) willing and able to wear a Fitbit and use the Fitbit app. Staff from the department
of the researchers in study A were excluded from participation. Study A consisted of project
officers, PhD-researchers and professors. Participants in Study B were business developers,
project managers and trainees.

3.3.2. PROCEDURE
The study procedure was identical in both studies and consisted of 1) Introduction session
and distribution of Fitbits, 2) use of Tweak system, and 3) semi-structured exit interviews.
Two weeks prior to the use of Tweak, all participants received an instruction booklet
detailing the study planning, technologies used and privacy policy including a consent
form. Furthermore, all participants were asked to start wearing a Fitbit (Charge HR2) to
reduce possible novelty effects. The four week field tests started with ’on-boarding’ to the
Tweak system. On the Tweak website, participants were asked to log in, complete two digital
surveys and authorize the Fitbit and Cronofy API connection. The surveys assessed a baseline
health profile as input for the system. During this process the researchers were present for
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additional information and support. A short weekly phone call was made to all participants
to check for any technical errors or questions. In addition, a weekly survey was submitted
to ascertain the perceived relevance of the suggestions. This survey was automatically

3

3

adjusted to the received suggestions and labels, and also fed back into the Tweak system to
adjust the user’s profile. Feedback from the surveys and phone calls were collected. After
using Tweak for four weeks participants were subjected to a semi-structured exit interview.
Then, all participants were asked to return to the website for ’off-boarding’. Here, users
were guided to disconnect their Fitbit and calendar and all participants completed the same
digital surveys assuring ’on-boarding’. The results of these surveys were used to generate a
personal overview for the participants. As compensation for the time and effort, participants

3.4. RESULTS

were allowed to keep the Fitbit.

3.3.3. DATA COLLECTION AND ANALYSIS

3.4.1. SYSTEM USAGE
Of the 24 initial participants, 21 participants (11 Male, 10 Female) completed the four-week

The data gathered in this study consisted of 1) the system usage data, 2) survey data, 3) field

field studies. In the first field study (A) (age M=33, SD=12.8), two participants dropped out

notes of the 5-minute phone calls and 4) audio recordings of the semi structured interviews.

due to technical errors and one due to medical reasons. Based on the lessons learned in the

All data was anonymized, and no data was shared with third parties. The semi-structured

first study, small technical adjustments such as permission issues, were made to the Tweak

interviews focused on the user experiences and engagement of Tweak. The interview

system. All twelve participants of the second study (B) (age M=30, SD=8.1) completed the

started with the open question: ’How did you experience the use of Tweak?’, after which

study.

several follow-up questions were asked concerning calendar use, timing, content of the
suggestions, Fitbit use and improvement points. All interviews lasted between 35 and 60
minutes, were recorded and transcribed verbatim. The transcripts were coded and analyzed
using MaxQDA Analytics Pro by thematic analysis using an inductive approach. First, two
researchers used independent initial open coding to analyze a first interview, after which
they formed consensus on the coding scheme. With this coding scheme, all other transcripts
and feedback from the calls were coded. Quotes used in this paper were translated from
their native language to English.

A total of 295 suggestions were deployed during the study period, of which 108 suggestions
were tried by the participants. Of the 119 deployed suggestions in the first study (A), 76
(63.9%) were considered relevant by the users and 39 (32.7%) were also executed. The
second study (B) deployed 176 suggestions, of which 89 (50.6%) of the deployed suggestions
were considered relevant and 69 (39.2%) were tried (Figure 3.2). It is important to note that
suggestions were counted by their primary component but can be labelled with multiple
components. Therefore, users with a high relaxation score, could receive a motivational
suggestion with relaxation as a secondary label. In general, from this data, we can see that
suggestions to increase physical activity (with primary label) were sent outmost, while
suggestions on nutrition were deployed the least. By continuously integrating different
subjective and sensor-based parameters, Tweak could accommodate to the differences in
health profiles and the changes over time (Figure 3.3). As exemplified in Figure 3.3, P11
received suggestions on physical activity and sedentary behavior at the start (high scores),
which changed to more suggestions related to relaxation and resilience towards the second
half of the study.
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3.4.2. DIVERSITY EVOKES CURIOSITY

considered essential. B11 illustrates this: “It’s the little things you’re on the lookout for. The

A common view among participants was that the health suggestions in their calendar

ones you can apply easily during your regular work” (B11). Actionable suggestions were

triggered their curiosity. The title of a suggestion served as a first trigger, and as a moment

often seen as suggestions focused on increasing physical activity, such as “Standing meetings

of choice for users to assess its usefulness and relevance. If a certain title evoked their

can be a way to interrupt long-term sedentary work. Is this a meeting that you could have

curiosity, participants wanted to read on and check the full description on a detailed level

while standing?”

given in the body text of the calendar suggestion. On the contrary, in some cases if a title of

Although users often made a distinction between actionable suggestions and informative
suggestions, they did not directly link the suggestions to the different health components of
80

a suggestion was not appealing enough for participants, they were inclined to ignore the
suggestion and not look at the details. Opinions differed among the participants, whether
repetitions in the health suggestions should be avoided. Some of the participants felt that
81
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THAT CHANGES OVER TIME.

From the interviews it became clear that participants appreciated suggestions that they

3

Study Week

FIGURE 3.3.THE COMPONENT SCORES OF P11 (STUDY B) SHOW A DISTINCTIVE USER PROFILE

RELEVANT AT LOCATION A AND B.
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the actionable suggestions could be repeated over several sequential days. However, the

A number of users reported that their calendars were not always a completely accurate

majority of the participants did not appreciate repetitiveness in suggestions send to them.

representation of the planning of that day. As one participant explains; “Sometimes

A common view was expressed by participant B7; “You want to receive new things. If you

unexpected things happen in my planning that I don’t put in my calendar.”(B3). Users

get the same suggestion again after a week, you’ve already done it and you feel like you do

therefore expressed that they were not able to execute the suggestion at that moment. While

not have to do it again.”. In contrast to the participants of study A, the participants of the

some users ignored the suggestion giving at an inopportune moment, others indicated that

second study (B) worked together in the same building. This resulted in more comparative

they rescheduled the suggestion; “If it’s a bit quieter, then you can say, I’ll move it forwards or

behavior in the latter group. One of the participants of the second group (B10) expressed

backwards” (B3). Other interviewees remarked that they took up the suggestion at another

that, especially at the start of the study, people would walk up to each other and discuss the

time, without rescheduling it.

suggestions they got. They would also compare the number of steps taken or sets of stairs
climbed. This effect wore off over time, as it became ‘normal’ to receive suggestions.

3.4.3. INTEGRATION IN THE CALENDAR IS
PERCEIVED AS CONVENIENT, BUT CAN BE
OVERLOOKED

3.4.4. REFLECTION ON PLANNING AND WORK
SCHEDULE
In all cases, the interviewees reported that Tweak made them think about the applicability
and relevance of the suggestions. According to the majority of the users the suggestions
offered a moment of reflection. Some participants assessed the relevance of a suggestion in

Most participants perceived the work calendar as an appropriate means to receive health

the moment and accepted or rejected it on the spot. For example, one participant received

promotion suggestions. The participants saw Tweak as a reminder for healthy behavior at

a suggestion to walk during a phone call. However, because the participant did not receive

work. As explained by one participant (B11): “It [healthy behavior] is an important thing,

a phone call during the time slot in which the suggestion was placed, he did not deem the

which you often neglect, but through these suggestions, you are aware of it and can deal

suggestion relevant. Others took up the suggestions as something they could try out at the

with it more easily at work”. Placement of the suggestions in the calendar enabled users to

moment it was suggested, but also translate it to different moments during their workday.

look back and review them as an always-present reminder. As one user illustrates: “You can

For some, the suggestions served as a trigger to see how it could be extended to other

also look back: oh yeah, what did I try yesterday? [..]Because it’s integrated in your agenda

actions or settings. As illustrated by (B12): “The suggestion that you can walk up to someone

you are constantly reminded of it, and you do not click it away so easily.”(B11). As another

instead of emailing was nice. I then thought ’how can i use that in other contexts?’ On my

participant (B1) clarifies: “I see the calendar as a kind of memory database, so it fits nicely

phone.. I’ll just turn off the notifications or put my phone away.”(B12).

with that.”. The ability in choosing if and when they could follow up on a suggestion was
considered a key element in that respect and contributed to a feeling of autonomy.

Some interviewees argued that the daily and weekly questions were a good moment for
reflection, while others felt these questions could become tedious. The people who liked

The use of the calendar also presented challenges. A recurring theme showed that some

the questions seemed to appreciate the informative suggestions better in comparison to the

participants tended to overlook the suggestions. For some participants, this was due to

people who did not like the daily and weekly questions. Particularly revealing is how the

the fact that health suggestions were not distinctive enough compared to regular calendar

use of Tweak resulted in reflection upon participants’ personal planning and work routine.

appointments. As one participant explained: “Especially when you have a full agenda, they

Commenting on the calendar integration, one of the interviewees remarked: “The agenda

[the suggestions] will quickly disappear into the background.” (B12). For a number of users,

is just a mirror of yourself, but it is not completely accurate. And that was immediately the

overlooking a suggestion was due to the fact that they did not make frequent or consistent

biggest frustration I had. That is not so much a point for Tweak, because you cannot do

use of their calendar. Especially participants from study A, who indicated to work very

anything about that, but more painful to yourself, so you are not yet as organized as you

individually, had fewer interactions with their calendar, making it less suitable for daily

think you are, because your calendar is not quite accurate.”(A12).

health suggestions.
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study, several iterations were needed to balance the continuous Fitbit data stream with the

3

3

survey data to create a fair distribution between these input sources for the user profiles.
In line with Michie et al. [17], we argue that further work is needed on balancing different
personal health variables over time in DBCIs (Design consideration 4). As the necessary set
of components and contextual factors may vary depending on the time and context in which
the intervention is placed [8], other time dependent data-sources to increase the level of
personalization could be explored. Furthermore, tailoring these interventions further to suit
individual situations contributes to a more persuasive design [12].

3.5. CONCLUSION AND DISCUSSION
In this study we present Tweak, a calendar-based health suggestion system. With the
development and field evaluation of Tweak (N=21) we address two current challenges in
existing Digital Behavior Change Interventions (DBCI) for health promotion; 1) using new
forms of delivery for the implementation of DBCIs and 2) tailoring interventions to address
individual and contextual needs. This explorative work shows that the creation of adaptive,
multi-component user health profiles in DBCI can help to deliver tailored suggestions
(Design consideration 1). The digital calendar was perceived as convenient, evoked curiosity
and stimulated reflection on one’s own calendar and work schedule and can therefore be
used as an appropriate means for delivering health suggestions (Design consideration 2).
The suggestions were not always perceived as convenient and were sometimes overlooked,
since the calendar is not always an accurate representation of a user’s day. This is in line
with the work of [15], who found that calendars often include a multitude of reminders
and ‘placeholders’ events. In future studies, it might therefore be interesting to iterate on
suggestion timing to fit the individual better, for instance by scheduling suggestions when
the user opens their calendar and initiate a dialogue. Furthermore, future work could also
incorporate more complex information that is present in the calendar, such as the different
types of meetings and their social nature (Design consideration 3). To facilitate social
engagement, the calendar could automatically change group-based calendar-events to
more ’active’ locations (e.g. walking meetings [5]). Furthermore, the outlook accept/decline

Although the study focused on using new forms of delivery and tailoring health suggestions,
we also reviewed the adherence rates. The proportion of suggestions executed by the users
of Tweak was 32.7% (study 1) and 39.2% (study 2). This percentage is lower compared to
prompting software such as Superbreak [18] (65.5%), Breaksense [1] (41.9%) and Time
for Break [16] (40%). However, when comparing to approaches that focus on a more openended and explorative approach to increase healthy behavior, such as Do something Different
(DSD) [2] (15-20%), the acceptance rate of Tweak is slightly higher. One reason for lower
rates compared to the aforementioned prompting software could be the use of personally
set goals. Interventions with a more open nature and a range of different suggestions such
as Tweak, may require more behavior flexibility of its users [6]. This could lead to lower
adherence rates to the suggestions (Design consideration 5). Future studies could look more
detailed at possible confounding factors related to the adherence and the effects on healthy
behaviors over a longer period.
The complexities of social dynamics (e.g. due to the differences in work environment) that
emerged from our field study with Tweak also warrant caution with regard to privacy and
diversity (Design consideration 6). First, health suggestions reflect a certain health state of
the user, sharing suggestions with others raises questions on privacy. This is especially true
if calendars can be read by others. Second, people can have wildly different health profiles.
While social engagement can be a powerful driver for healthy behavior at work, socially
focused suggestions that use a particular component might not be suitable for everyone.
These issues require further investigation in the design of DBCIs.

functionality could provide an unobtrusive feedback mechanism to inform and improve

With Tweak, we showed how integrated delivery mechanisms such as the digital calendar

tailoring.

can be leveraged to tailor health interventions for personal and contextual needs and offer

A challenge that remains is balancing a multi-component approach to health in DBCI. Despite
the importance of a multi-component approach in DBCIs [3,21], there is little consensus on

a new perspective on DBCIs. Based on two four-week field studies, we derived the six
aforementioned design considerations for future designers and researchers of DCBI.

which factors, or in what proportion, should steer these types of interventions [8]. In our
84
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4
4

I

n Chapter 3 we have addressed the first gap in current sedentary

behaviour and physical activity interventions using technology in
the office environment. We explored possible solutions to this gap by
focussing on the use of existing office tools and infrastructure. We found
that integration of an intervention into the calendar stimulated reflective
behaviour and curiosity and was perceived as easy to use. However, due
to differences in calendar use, suggestions could be overlooked.
In Chapter 4, we focus on the second gap found in our review paper
on sedentary behavior and physical activity tools and interventions
(chapter 2). We learned that most existing tools and interventions
using technology in the office environment consider physical activity a
break from work. In this chapter, we explore how interaction design can
facilitate active ways of working. We describe two case studies that focus
on the common office practice of having a meeting, PositionPeak and
WorkWalk.
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the work of Ahtinen et al., with the ‘Walking metro’ mobile application and ‘Brainwolk’
mobile application [1,3]. The applications by Ahtinen et al. provide a tool to introduce and
increase the social acceptance of walking meetings at work. Brainwolk features a map of
the university campus, suggestions for walking routes on the map, checkpoints with short
visual break exercises and motivational thoughts about walking and a reward system [2].
This concept was based on the initial concept ‘Walking metro’, which was improved and
renamed as ‘Brainwolk’.

4.1 PHYSICALLY ACTIVE WAYS OF
WORKING
Although a myriad of interventions to reduce physical inactivity have been developed over
recent years [5,6,7], most of these interventions are limited by the fact that the stimulated
physical activity is not integrated into work tasks and routines [6]. Physical activity is mostly
considered a break from work [6].
There are a few notable exceptions to this paradigm. A first example is ‘the End of Sitting’,
an office installation presented as a ‘world without chairs’ (Figure 4.1). This large rocklike landscape integrates many affordances for standing and provides an alternative work
environment that supports different work postures [4]. Experiments of the concept showed

FIGURE 4.1.‘THE END OF SITTING’ BY RAAAF (RIETVELD ARCHITECTURE-ART-AFFORDANCES).

promising results with users working in more than one non-sitting postures and locations.
Task performance, mood and postural comfort were positively influenced for young workers
and not negatively affected for middle-aged workers. The authors thus argue that the End of
Sitting should be taken seriously as an alternative office for regular office workers.
Several other examples that use technology to reduce physical inactivity in the office
environment include physical movement probes and dynamic workstations. For instance, in
the concept of working ‘in motion’ by Probst et al. [8]. Their ‘active office workplace’ provides
opportunities for seamless changes between different tasks, such as typing, writing on a
whiteboard or work while standing (Figure 4.2). Other probes include the ‘Irritating chair’
that encourages individuals to stand [10], the ‘Active Desk’ to arrange standing meetings
[10] and Foot Interaction designs to control one’s computer [9,10].
Few examples of tools or interventions aimed at reducing physical inactivity using
technology can be found that focus on the practice of having a meeting. An exception is
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FIGURE 4.2. WORKING IN MOTION BY PROBST ET AL. [8].
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4.1

POSITIONPEAK

4.2.1 DESIGN POSITIONPEAK
This first case study focuses on how design can trigger healthier meetings by stimulating
posture change during a meeting. Adopting a Research-Through-Design approach [15],

4.2

we designed and deployed PositionPeak, a research artefact, to obtain knowledge on how
to stimulate posture change during meetings. PositionPeak is a set of dynamic pieces of
furniture designed to stimulate position changes during meetings and serve as a research
artefact [15]. It is composed of three objects (Figure 4.3): The Slope, The Stairs, and The
Lounger. Each artefact supports several body positions, allowing users to experiment a
variety of postures. These were not designed as healthier postures but intend to make the
participants more mobile (Figure 4.4).

POSITIONPEAK ELEMENTS
The Stairs (89x55x96cm). This artefact supports several positions: cross-legged sitting,
half-sitting, leaning and standing (or serve as a laptop stand). The staircase inspired form
invites people to place their feet on the steps or to climb to the top. It has integrated pressure
sensors to collect user data for future research.
The Lounger (122x40x62cm). Inspired by a lounge chair, it supports sitting straight up,
laying, sitting with feet up or as a laptop stand. The height of the highest surface allows taller
people to sit comfortably with their feet to the side, while the lowest surface is more suitable
for shorter people. The sloped surface is placed at such an angle that it is comfortable to
hang against.
The Slope (120x40x120cm). Made to facilitate different leaning and half-sitting positions,
the Slope is steep, and it thus takes some effort to sit on it. Bars provide support for the feet
This subchapter is a reproduction of the paper published as:

and prevent the user from sliding down. The edge on top is flat and rounded. These details

Ida Damen, Lidewij Heerkens, Annabel van den Broek, Kimberly
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together with the bars make it possible to climb up The Slope and to sit all the way on the
top.

Lallemand. 2020. PositionPeak : Stimulating Position Changes During
Meetings.
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4.2

4.2.2 METHODOLOGY
AIM

4.2

The aim of our study was to explore how PositionPeak can influence position change during

4.2

meetings. We also investigated how the perceived efficiency and social dynamics of the
meetings were influenced. Participants (N=16) were office workers and students recruited
from a university campus. The PositionPeak room setup included a cardboard standing table,
a wall-mounted screen and the three artefacts. A standing table was added to accommodate
slightly larger groups in the room. At the start of the study, participants were asked to sign a
consent form and to fill in a pre-questionnaire. To maximize ecological validity, participants
had a real meeting and were instructed to use the room freely without time limit. The
camera was located outside the room (with glass windows) to minimize interference. After
their meeting, we interviewed each group about their experience and invited them to fill in
the post-questionnaire.

OBSERVATIONS

FIGURE 4.3. POSITIONPEAK, THREE POSITIONPEAK, THREE PIECES OF FURNITURE DESIGNED
TO TRIGGER POSTURE CHANGE DURING MEETINGS

Five groups of participants (N=16) were video recorded during meetings in our experimental
room (Figure 4.5). The length of the meetings varied between 20 and 45 minutes. The videos
were analyzed to observe participants’ behavior and to count the position changes during
the session. We define position change as people switching between defined positions such
as sitting, standing or laying; large arm or leg movements causing the upper body to change
or turn such as crossing legs or leaning on an elbow and significantly changing back position.
For each position change, we coded the time, furniture used, and a description of the position.
We conducted semi-structured group interviews after each meeting, focusing on how the
group experienced the meeting, how comfortable the furniture was, how efficient and
energetic the meeting felt, and why they shared pieces of furniture (or not).

PRE- AND POST-QUESTIONNAIRES
The pre-questionnaire enquired about the type of meeting and included 3 Likert scales
FIGURE 4.4. EXAMPLES OF POSTURES SUPPORTED BY THE THREE POSITIONPEAK ARTEFACTS

(from 1 ‘not at all’ to 7 ‘very’) about how efficient and energetic the meetings usually are
with this group and how comfortable users rate furniture in ordinary meeting rooms. The
post-questionnaire had similar questions yet focused on the PositionPeak room.
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4.2

4.2

BASELINE TEST

POSITION CHANGE

To understand the effect of PositionPeak on position changes, we first conducted a baseline

During our baseline test in a traditional meeting room (Table 4.1), participants changed

test in an ordinary meeting room (with chairs, tables, and a screen). We observed 5 groups

position on average 12 times per hour (Min=4, Max=34) and walked in the room only 0.13

of participants (N=19, different than PositionPeak participants) and coded the number of

times per meeting. In the PositionPeak room, participants changed their position 44 times

position change during their meetings.

per hour (Min=22, Max=87) on average, 3.7 times more than in the ordinary room. They
walked in the room, usually between objects, 3.5 times per meeting on average. Users

4.2.3 RESULTS
INTERACTION
During their meetings, 3 groups decided to rearrange objects. For example, The Stairs was
turned 90 degrees, with the back on the ground. The Lounger was placed vertically and

sometimes went back and forth between positions or took the same posture multiple times.
TABLE 4.1. NUMBER OF POSITION CHANGE PER PARTICIPANT DURING OBSERVED MEETINGS.
Baseline ordinary meeting room
Participant
(#group)

Duration
(min)

PC

PositionPeak meeting room

PC
(per hour)

Participant
(#group)

Duration
(min)

PC

PC
(per hour)

PB1 (#1)

30

7

14

P1 (#1)

20

19

57

PB2 (#1)

30

3

6

P2 (#1)

20

29

87

PB3 (#1)

30

5

10

P3 (#1)

20

16

48

the room. Participants had different ways of interacting with the objects. The Stairs was

PB4 (#1)

30

2

4

P4 (#2)

34

25

43

mostly used as a laptop stand or for sitting, especially on the upper level. The Lounger was

PB5 (#2)

30

5

10

P5 (#2)

34

21

36

PB6 (#2)

30

4

8

P6 (#2)

34

38

65

PB7 (#2)

30

3

6

P7 (#2)

34

23

39

PB8 (#3)

30

6

12

P8 (#2)

34

17

29

PB9 (#3)

30

5

10

P9 (#2)

34

22

38

PB10 (#3)

30

4

8

P10 (#3)

30

15

30

PB11 (#3)

30

4

8

P11 (#3)

30

11

22

PB12 (#4)

45

26

34

P12 (#4)

20

11

33

PB13 (#4)

45

18

24

P13 (#4)

20

10

30

PB14 (#4)

45

25

33

P14 (#5)

35

37

63

PB15 (#4)

45

8

11

P15 (#5)

35

29

50

PB16 (#5)

45

10

14

P16 (#5)

35

20

34

PB17 (#5)

45

3

4

PB18 (#5)

45

4

6

PB19 (#5)

45

9

12

used as a pillar or turned around with the highest end towards the center of the room. The
Slope was placed horizontally. Also, subtle changes were done by dragging objects across

sometimes used by two people, each sitting on a different level. The Lounger also served
as a chair or a chair with a table stand. The Slope was mostly used for leaning, yet two
participants sat on top of it.

PRE- AND POST-QUESTIONNAIRES
Fifteen participants (one missing data) filled in the pre- and post-questionnaire. On average,
users rated the comfort of an ordinary meeting room as M=4.73 out of 7 (SD=1.49) and
the PositionPeak room as M=3.8 (SD=1.41), 19% less comfortable. The average efficiency
of the group meetings was M=4.47 (SD=1.19) in the pre-questionnaire and assessed as
FIGURE 4.5.VIDEO RECORDINGS OF THE POSITIONPEAK MEETINGS THROUGH THE GLASS
WINDOW.
100

M=5.38 (SD=1.04) using PositionPeak. Users rated the meeting energy level slightly higher
in PositionPeak (M= 5.31, SD=1.11 versus M=4.87, SD=1.64 in an ordinary room).
101

4.2

GENERAL EXPERIENCE AND COMFORT
Overall, the groups acknowledged the fact of moving more than in an ordinary room:

4.2

“Everybody here is already moving more than at a table [P9]”. However, in most of the

short meetings or brainstorm sessions rather than long meetings where focus is required:

4.2

“It is fine for short meetings for only speaking/standing, but not writing or calculations”
[P10] “For brainstorms it is perfect” [P12] “If it’s something unstructured, creative energy
flows” [P2] The use of laptops was mentioned as a concern: “It’s good for presentations

interviews, some participants mentioned that they experienced postural discomfort: “I did

or discussions but not for working with laptops” [P15] “There is a practical issue that you

move more than often because I was not always sitting comfortably, but I switched places.”

always have to carry your laptop” [P11].

[P8]. This is in line with the questionnaire data, with PositionPeak being rated as less
comfortable than a normal room. On the positive side, participants appreciated the freedom
offered by the space, allowing them to freely stand up or change positions whereas it would
not feel appropriate in a normal meeting: “I think the room encourages you to communicate
more with your group because there is no table between you’’ [P13]. Some participants
also felt that the setting was more fun and exciting and acted as a discussion point between
teammates and became an ice breaker. Participants indicated having favorite artefacts and/
or positions: “This is my favorite! Then I thought, if I can’t go to my favorite, where do I go?”
[P4]. Some objects were perceived as more usable than others, the Slope being the least
favorite: “The triangular ‘henhouse’ piece, I didn’t really know what to do with; I couldn’t sit
on it comfortably. That was also the only piece that didn’t have a spot to put a laptop, which
I liked about the others”. [P1]

SOCIAL CONVENTIONS
A common theme was the way PositionPeak changed established social conventions. As P8
stated, “I accepted it [that P9 was moving a lot], that’s also a thing the furniture actually allows,
because they are dynamic, you understand that people are moving, and the conversation just
goes on.” “In a room with chairs, when a person stands up, you think what is she doing? [..]
Everyone turns their attention to her as it seems she will say something, but perhaps she just
wants to stretch her legs, but it’s not accepted in a normal meeting.” [P9] In group #2, one
person decided to sit on the floor and admitted that, while he likes to do it, he would not have
done it in a ‘normal’ room [P6]. A participant however expressed a notable concern about
credibility “I don’t see it as a room for meetings with a client” [P15].

EFFICIENCY OF THE MEETING AND ENERGY
LEVEL
Efficiency level in the PositionPeak room was usually described as good:” it was actually

Group #1 explained that they did not share artefacts to “respect personal space” whereas
other groups were comfortable and open to sharing. The number of pieces of furniture had
according to users a huge impact on the dynamics: “it might have been easier to change
because you see a free object and you switch to it” [P14].

quite effective, quick” [P1] and “very efficient, good” [P8] “It is nice to explore and play a bit
more, I felt more active during the meeting.” Two participants did not experience changes in
influenced the meeting” [P7]. Efficiency was often related to an increase in creativity: “I liked

4.2.4 DISCUSSION AND FUTURE
RECOMMENDATIONS

the sort of informal character the meeting had because of the alternative furniture. Also, it

We designed and tested PositionPeak, a modular meeting environment to encourage the

may have helped us to be more creative. Looking forward to more variations” [P2].

acceptance of physical activity in the office and fit into daily work routine. PositionPeak

efficiency, and some mentioned a distracting effect:” there were distractions which somehow

Some participants stated that PositionPeak did not influence their energy level, while others
found the question hard to answer “it’s difficult, it depends on the meeting and every meeting
even in the same room with the same people can have a high or low energy level” [P5].

triggered participants to adopt a variety of postures, while increasing the feeling of efficiency
and the perceived energy level. Findings showed that participants changed position about
3.7 times more often than in a conventional setting. Participants changed postures between
objects, but also frequently on the same object. Possible motivations for people to change

Some teams felt their meeting was more interesting and hypothesized that they could be

position were postural discomfort, seeing other participants move (thus emptying a spot)

more energetic should they use PositionPeak more often “I think it would be more energetic

or being interested in another object. The difference in the amount of position change in

because it’s less dull” [P2]. The majority of groups saw PositionPeak as more suitable for

‘ordinary meetings’ and with PositionPeak seems large but could have been positively
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influenced by several factors. First, the participants were aware of being recorded (i.e.

Lastly, the present study invites researchers and designers to rethink and discuss the way

Hawthorne effect). Second, all were experiencing the PositionPeak meeting room for the

we can use technology to stimulate more physically active meetings. Where for instance

first time which could lead to more curiosity to try out all the objects.

4.2

Similarly, to [2], some objects were preferred, and others hardly used (or not by choice).
Participants used the objects differently than expected and moved them throughout the
room. Social conventions were also modified by the setup, which positively contributed to

4.2

laptop use in meetings often provoke static postures, the use of shared screens, tablets or
other novel devices might bring the opportunity to challenge this status quo.
TABLE 4.2. RECOMMENDATIONS FOR THE DESIGN OF MODULAR FURNITURE FOR ACTIVE
MEETING SPACES

‘normalizing movement’ during meetings. As recommended by [6], it is essential that these
new forms of meetings are accepted as part of the work culture, which can be achieved by

1.

embedding them into the existing infrastructure.

encourage them to switch between objects without having to “push someone
else to move”. It supports a smooth flow of movement, less likely to disturb the

In the questionnaires, the energy level and efficiency were rated slightly higher when

meeting activity

using PositionPeak. The higher energy level could be explained by the freedom of space
and movement. However, in the rather similar End of Sitting study [2], employees reported

2.

feeling more energetic only after working in the new design for the first time. It would
thus be relevant to investigate performance- and mood related factors in the long term. To
that end, we equipped the artefacts with pressure sensors to collect data on the postures

3.

combine the data of pressure sensors with additional contextual data (e.g. use of the screen),
following a data-enabled design approach [16].

4.

users to switch between objects. We thus recommend such meeting rooms to entail 1-2

Combination of pieces of furniture should allow a balanced mix of postures
and meeting opportunities

5.

Several objects should encompass flat surfaces for laptops or documents.

6.

Sensors can be used to monitor the long-term use of artefacts in a nonintrusive way, eventually leading to adapt the space to users’ needs

Our findings also provide insights into how to design these type of active meetings rooms
(Table 4.2). The notion of availability of an object seems important in order to encourage

Affordances of artefacts should be carefully considered, and can be pretested
to ensure that it supports at least one comfortable position

evaluate long term use of PositionPeak. Qualitative feedback will be collected via online
surveys and user interviews can be planned using the room booking data. We also intend to

The meeting space should be spacious enough to allow users to rearrange
objects as well as to move freely in the space

adopted by the PositionPeak meeting room users in a more ecological setting in the absence
of researchers. Further studies with the pressure sensors will be conducted in order to

The meeting space entails more objects than the number of users, to

7.

The use of different material and textures should be explored to provide more
comfort and variety.

objects more than the number of meeting participants. However, there should be enough
space in the room to allow for rearranging objects as well as walking and moving around
freely.
The topic of postural discomfort, often discussed by our users and aligned with previous
studies [2], also needs to be addressed. Some objects were considered less comfortable or
usable than others, and it is thus important to consider the affordances of each designed
object. In a sense, it could push the participants to end the meeting faster, thus increasing
efficiency, as experienced in standing meetings [8]. Of course, designing a balanced
environment combining posture change and efficiency while being pleasurable to use is a
more favorable endeavor.
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4.3.3 DEVELOPMENT CONCEPT
The intervention mapping protocol [1] describes five steps (Table 4.3), from specifying
objectives to developing a monitor and evaluation plan. Each step comprises of several tasks
that lead to a product that can be used in the subsequent step. The steps are founded on
theoretical, empirical and practical information and serve as a guidance tool in the design,
implementation and evaluation of an intervention.
TABLE 4.3. SIMPLIFIED OVERVIEW OF INTERVENTION MAPPING PROTOCOL BY BARTHOLOMEW

4.3.1 AIM
Next to redesigning office furniture, we investigated the facilitation of office workers to have
walking meetings. The goal of this case study is twofold: (i) give insights into the use of the
intervention mapping protocol in a human-centered design process and (ii) provide design
insights in the development of ‘the WorkWalk’. In this case study, we use the intervention
mapping protocol of Bartholomew et al. (1998) as a theoretical guidance tool to strengthen
the design process. This combined approach integrates theory and practice to address the
complex design challenge of facilitating physically active ways of working.

4.3.2 WORKWALK
The WorkWalk concept aims to help office workers to integrate walking into their daily work
routine. The concept is expected to enhance the ‘normality’ of walking whilst working by
making it an integral part of the office environment. When scheduling a meeting, employees
can book a WorkWalk as the location of their meeting instead of a normal meeting room.
They meet up at the meeting point sign at the entrance of their building and start their
meeting by following the blue WorkWalk line. The line guides them and will help with the

ET AL. (1998)

1.

Specify Program Objectives

2.

Choose Theoretical Methods and translate into Practical Strategies

3.

Formulate Program Design

4.

Develop Adoption & Implementation Plan

5.

Develop Monitoring & Evaluation Plan

4.3.4 PROGRAM OBJECTIVES
In the first two steps of the intervention mapping protocol a needs assessment was conducted,
and intervention objectives were formulated (Table 4.4). The desired program outcomes
were identified on a psychosocial, contextual and technological level. Subsequently, these
desired outcomes were divided into related behavior determinants and environmental
conditions. These subsegments detailed what should be targeted by the intervention design.

time management of the meeting and eliminates the need to plan a route. The WorkWalk

Based on the theoretical explorations, a matrix (Table 4.2) was created to present all program

concept consists of three elements:

objectives and related changeable behavioral and contextual determinants. Each cell shows

1) A visible, physical, line that serves as a guide for the walking meeting.
2) Outdoor signs to mark meeting points and additional information of the WorkWalk.
3) The integration of a WorkWalk within the room booking system.
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one or more specific change objectives that should be targeted by the intervention design.
The table presents the intervention program objectives in the first row, with the related
behavioral outcomes in the consecutive rows. These outcomes are divided into intention,
self-efficacy, attitudes & belief, social norms and knowledge outcomes.
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TABLE 4.4. PROGRAMME OBJECTIVES AND RELATED CHANGEABLE BEHAVIOURAL AND

Know how to use
workwalk

Believe that using the
design intervention
will help to integrate
workwalks in daily
work routine

4.3.5 THEORETICAL METHODS
AND TRANSLATE INTO PRACTICAL
STRATEGIES
In a second theoretical exploration, behavior change models and intervention methods
were matched to the program objectives. These methods were derived from literature
describing empirical research on behavior change techniques [30]. To translate the methods
into practical strategies to deliver the intervention design, a selection of behavior change

Know what possible barriers
there are to have a workwalk

Believe that barriers to
engage in a workwalk are not
insurmountable

techniques was made that seemed applicable for a walking meeting intervention design. This
selection was based on the preliminary results of the literature study and focus groups. This
list of behavior chance techniques was made as a preference list to guide the design process.
Based on these insights, the design requirements for the delivery and the production of the
design intervention were formulated.
The main behavior change techniques used in the design of the WorkWalk are restructuring
the physical environment, restructuring the social environment, reframing beliefs and habit

Describe the health bene�its of a Know appropriate opportunities to
workwalk
have a workwalk
Describe the personal short term
bene�its of a workwalk
Describe the risks of prolonged
sedentary behavior

support, exposure, modelling of the behavior and identification of self as the role model.

Knowledge

Recognise when colleagues go for a
provides the opportunity to have workwalk
a workwalk
Believe that it is socially
accepted to have a workwalk
Identify oneself as a person who
wants to try a workwalk

Believe that moderate physical activity
can be part of daily work routine
Believe that there are bene�its to
a workwalk
Positive feelings about a
workwalk
Believe that it is important to be
physically active at work
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Social Norms Recognising that the employer

Express con�idence in identifying
appropriate opportunities to have a
workwalk
Demonstrate the ability to identify
appropriate opportunities to have a
workwalk
Express con�idence in ones
capabilities to have a workwalk

formation. Secondary behavior change techniques that are taken into account are social

Attitudes
and Beliefs

Intention

Self-ef�icacy

Increase motivation to identify
possibilities and opportunities to
engage in a workwalk

Express con�idence in
overcoming practical barriers
of a workwalk

Demonstrate ability to
plan for a workwalk

Be willing to integrate a
workwalk in daily work
routine

OB3: Overcome barriers
of a work walk
OB2: Identify possibilities and
opportunities for a workwalk
OB1: Have intention to have
a workwalk

4.3

OB4: Create
implementation
interventions

CONTEXTUAL DETERMINANTS.

healthcare and patients are brought together during a weekend. At this hackathon, the

These behaviors change techniques are applied in the WorkWalk concept to address the
desired psychosocial, contextual and technological program outcomes.
The theory of Planned Behavior by Ajzen (1991) was adopted as the theoretical model in this
case study. This theory was chosen because of its predictive power from intentions to action.
The theory of Planned Behavior fits well with the intervention mapping approach since it
links beliefs and behavior in a fairly effective way. By breaking down the program objectives
into changeable behavioral and contextual determinants, it was possible to specify the
attitudes and beliefs that need to be targeted with the walking meeting intervention design.

4.3.6 PROGRAM DESIGN
DEVELOPMENT DESIGN
A first design concept was developed in a multidisciplinary team setting at the Dutch Hacking
Health hackathon, a design sprint-like event where technology, design, entrepreneurship,
elements of the matrix in Table 4.2 were linked to the list of selected behavior change
techniques by Michie et al. (2013). The methods and strategies were operationalized into
111
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a design concept to realize the proposed program objectives. This was done by several

In addition to the line, two types of signs were made to inform and persuade potential users:

brainstorm sessions and explorations of useful technologies, processes and designs. In

meeting point signs (Figure 4.6) and information signs (Figure 4.7). The meeting point signs

addition, field experts provided feedback on this first design.

explained the ‘use’ of the WorkWalk and were placed at the entrance of a faculty building.

Based on the results of the hackathon and theoretical explorations, iterations were made
on the design. Five short semi-structured interviews were conducted with secretaries,
to receive feedback on the second design iteration. The interviews lasted 15-25 minutes,

The information signs, placed along the route, showed information about the WorkWalk
such as the duration, explanation on how to book a WorkWalk and a quote related to possible
benefits of a walking meeting.

were recorded and transcribed verbatim. In addition to the semi-structured interviews, the

The third element of the WorkWalk consists of the integration of the WorkWalk in the

concept was proposed to a wide variety of office workers to obtain first impressions about

planning system of the university. In the initial testing phase a functional mailbox was set

the idea.

up in order to ‘book’ the WorkWalk. By adding the WorkWalk email address to the meeting,

The route was created with the help of an existing app ‘blokje om’, field explorations and
route tracking. The ‘blokje om’ application generates routes based on a pre-set time. Using
this app, several options for ± 30-minute walks were explored. After several explorations
and based on the requirements listed, a first route of 25 minutes was mapped out. The 25
minutes are based on a slow walking pace, since it is assumed that work conversations

users were able to book the WorkWalk. The mailbox was set up so that all invitations
from users were automatically accepted. The researchers managed this mailbox and were
able to see the number of bookings and the users that booked the WorkWalk. For the first
pilot test the WorkWalk will be integrated into the room booking system of the university,
bookmyspace1.

during walks slow down the walking pace of people compared to the ‘normal’ walking pace.
Furthermore, the pace should be at a comfortable pace for all participants. For the first test,
the route was set-up as a minimal viable product with the use of a 1.8 km dotted line of blue

ADOPTION & IMPLEMENTATION PLAN
The fourth step was formulating a plan for the program adoption, implementation, and

tape.

sustainability. In this plan, the mechanisms to involve users in the intervention design
were described by linking specific adoption and implementation performance objectives to
corresponding determinants. For example, one of the hypothesized determinants of adoption
was social acceptance among colleagues to use the design intervention. If the program offers
opportunities for intervention by making it part of the organizational objectives, users will
be more inclined to use the design intervention.

MONITORING & EVALUATION PLAN
For the process and effect evaluation, survey and interview protocols were developed. Both
quantitative and qualitative measures were selected to measure the process and effect of the
intervention design. Based on the needs assessment and the program objectives, evaluation
questions were formulated for the surveys and interviews. Subsequently, a planning was
FIGURE 4.6. WORKWALK MEETINGPOINT

FIGURE 4.7. WORKWALK INFORMATION SIGN.

SIGN.

made for the process evaluation, including a plan for the baseline testing.
The campus served as an exploratory study environment or living lab [10]. This living lab
setting was chosen because of its high number of sedentary workers, who spend more than
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70% of their work hours in sedentary position. Therefore, the main target group that was
selected for the exploratory fieldwork were knowledge workers of a university, who are
assumed to have an interest in new technologies and healthy ways of working. A second

4.3

argument for this living lab setting was the practical considerations such as the speed at
which interventions can be operationalized in this living lab.

4.4 CONCLUSION & DISCUSSION
This study set out to reduce sedentary behavior in office workers by integrating physical
activity in a daily working routine and transforming the way we can work. In this case study,
we present WorkWalk, a concept to encourage and facilitate office workers to have a walking
meeting without the use of additional applications that disturb a walking meeting. The
objective of WorkWalk is to provide a more healthy, happy or ever more creative way to have
a meeting at work. WorkWalk provides a simple way to integrate physical activity into daily

the WorkWalk. This approach enabled effective integration of behavior change techniques
into an interaction design process.

office life, providing clear guidance and structure for a work meeting. The concept consists

Future trials will assess the impact of WorkWalk. This will be done with a first exploratory test

of three elements; 1) a visible route marked by a physical line, 2) meeting and information

at the campus of the Eindhoven University of Technology. The adoption and implementation

signs and 3) the integration within the room booking system.

plan will be used to set out the intervention, and the evaluation plan will be implemented

An essential aspect of the WorkWalk concept is the visibility in the work environment,
both physical and digital. The route provides clear guidance and structure to a walking
meeting, designing out the need to give directions and keeping track of time. Furthermore,
by making the WorkWalk a visible part of the outdoor work environment and technological

to measure the impact of the design intervention. In terms of directions for future research,
further work could examine the facilities that can be added to the WorkWalk. For example,
places or services to take notes, presentation spots or the creation of various routes for
different meeting purposes could be usefully explored in further research.

infrastructure (booking system) it is expected to gain social acceptance. The visibility of
the WorkWalk is an example of how restructuring the physical and social environment can
help to change behavior at work. Additional behavior change techniques that are used in
the development of WorkWalk are: behavior substitution, habit formation, exposure, health
consequences, action planning, modelling of the behavior, identification of self as role model
and reframing.
WorkWalk is developed by merging a traditional health research approach, the intervention
mapping protocol of Bartholomew, with an iterative design process. The five steps of the
intervention mapping protocol are used to effectively formulate program objectives and select
the appropriate methods and strategies to design the WorkWalk intervention. All program
objectives are related to specific changeable behavioral and contextual determinants. The
use of the intervention mapping protocol within the design process also made it possible to
create a structured plan for the adaption, implementation and monitoring and evaluation of
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UNDERSTANDING WALKING
MEETINGS

I

n Chapter 3 and 4, we explored the design for active ways of office

work by using existing office systems and infrastructures. In our designs,
we investigated the use of the calendar, the room booking system and the
campus routings and green landscape as possible infrastructures that
can be used in health promotion interventions. Our findings highlight
that using these organizational infrastructures can stimulate reflection
on current work practices and change the dynamics of having a meeting.
In chapter 5, we build on our workwalk case study (Chapter 4) to
further investigate walking meetings and supportive technology for
this practice. This was prompted by the fact that very little research is
done on walking meetings in general, and more specifically on the role
of technology in this context. Moreover, with the growing interest in
digital interventions and tools for health promotion at work, we saw the
potential of supportive technology for walking meetings as a promising
way to stimulate physical activity whilst working.
In this chapter, we studied walking meetings in a living lab setting to
inform future development of supportive technologies for these active
meetings. We conducted semi-structured walking interviews (N=16)
to identify key drivers and barriers for walking meetings and provided
insights into how this format can affect the set-up and social dynamics
of meetings. To conclude, we propose five design recommendations for
the development of future technologies and service design elements to
support walking meetings and active ways of working.
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meeting point
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booking system

physical route

FIGURE 5.1. THE THREE ELEMENTS OF THE WORKWALK INSTALLATION. THE ROOM BOOKING
SYSTEM, THE MEETING POINT SIGN, THE DOTTED LINE ALONG THE PATH (PHOTOS BY BART
VAN OVERBEEKE)

walking meetings and reflect on them during walking interviews with the participants.
By deploying the WorkWalk in the ﬁeld for 14 months, this research aims to answer the
following research question: “What are the barriers and drivers to have walking meetings

5.1 WALKING MEETINGS

when using the WorkWalk?”. This paper presents the qualitative ﬁndings of sixteen semi-

Working while walking has a rich history, especially in philosophy. Well-known examples of

practices and experiences when conducting walking meetings, 2) how walking affects the

philosophers with a habit of walking were Aristotle, Friedrich Nietzsche, and Emanuel Kant.

set-up and social dynamics of a meeting, and 3) users’ drivers and barriers for walking

Aristotle’s nickname was ‘peripatêtikos’, derived from the Greek ‘Peripatein’ or ‘walking’,

meetings. From these findings we derive design considerations for future explorations

which also translates as ‘engage in dialogue while walking’ [30]. To Nietzsche, walking was

toward the development of supportive tools and interventions for walking meetings and

how he worked best. When writing ‘The Wanderer and His Shadow’, he walked for up to

active ways of working in the office environment. By providing a deeper understanding of

eight hours a day while taking notes for his book [30]. Kant, on the other hand, walked to

walking meetings, this study sets the stage for future design-research explorations.

structured walking interviews. We contribute new knowledge by identifying 1) users’

escape, as “a distraction from work”. He described walking as a way to recover from sitting
in the same place [30].
Although walking meetings were common in ancient Greece, they have lost their popularity

5.2 RELATED WORK

in current office work practice. Despite the known positive eﬀects of walking [i.e. 12],

5.2.1 THE BENEFITS OF WALKING

we have little knowledge on how we can support walking meetings through design and
technology. Bringing walking meetings into the 21st century by designing supportive tools
and interventions is promising for healthy, creative, and dynamic meetings. However, a
profound understanding of how and why people conduct walking meetings is needed to
leverage their full potential.

Walking is beneficial for physical and mental health [12]. It can lower blood pressure [48],
reduce weight [14] and reduce the risk of coronary heart disease [4,7,67]. In addition,
walking can reduce stress and anxiety [13,61] and prevent depressive symptoms [21,48].
In therapy settings, walking is used to facilitate psychological processing and promote a
collaborative way of working [43,54].

In this study, a service design called WorkWalk by [24] was used in a living lab setting at a
university campus (Figure 5.1). The WorkWalk consists of a physical route that is 1.8 km
long, has meeting point signs at all faculty buildings, and is integrated in the university’s
room booking system [24]. The WorkWalk was used as a design research artefact to study
124

How walking affects our wellbeing is also dependent on our physical environment [27].
A well-known example is how an environment with natural elements can foster positive
feelings [27]. Natural environments facilitate restorative experiences, such as recovering
125

include activity trackers [8], sit/standing desks [50], persuasive designs and applications
[25,38,59], light designs [10,52,53] and prompting software [6,35,41,44]. Social acceptance
of these type of interventions, however, remains a challenge [62].

5

A common denominator in interventions that aim to reduce sedentary behavior or increase
physical activity is how physical activity is approached. Often physical activity is seen as
a break from work, and rarely considered as an active way of working [23]. Approaching
physical activity as a break from work might influence the social acceptance of these
interventions.

from fatigue [37]. In addition, perceived safety of places were people walk makes people
feel more active [27].

Dynamic workstations present a promising exception to this view by increasing physical
activity without compromising work performance [50,64]. Probst et al. [51] pioneered a
new concept of working “in-motion” by proposing an ‘Active Office Workplace’ to support

Walking can also have a beneficial effect on work performance by supporting attentional

changes in work postures for different tasks. They also proposed a Human Computer

processes [22], increasing perceived creativity [45], happiness and overall mood [66]. A

Interaction (HCI) based design to promote activity in the office environment through an

recent study shows that that the foot’s impact on the ground during walking modulates brain

interactive chair [49]. Similar approaches can be found by Tobiasson et al. [64] in their

blood flow, which may optimize brain perfusion, function and overall sense of wellbeing

work on physical movement probes for in the office and the work by Choi et al. on active

[29].

workstations [17].

An expert statement to reduce and prevent the negative eﬀects of prolonged sitting in

There is a relatively small body of literature on supportive tools and interventions for

predominantly desk-based occupations was formulated by Buckley et al. [11]. These

walking meetings. Merely four papers on walking meetings can be found in the Association

recommendations read as follows: “Workers should aim to initially progress toward

for Computing Machinery (ACM) library [1,2,3,24]. Three studies investigated the use of

accumulating 2 hours per day of standing and light activity, such as light walking during

mobile technology to mediate walking meetings [1,2,3]. In these papers, the ‘Walking metro’

working hours, eventually progressing to a total accumulation of 4 hours per day” [11].

mobile application and ‘Brainwolk’ mobile application were introduced. A fourth paper by

Walking is considered the preferred option in this respect [48].

Damen et al. [24] presents the WorkWalk, a service design for walking meetings that is used
in this study.

5.2.2 SUPPORTIVE TOOLS AND
INTERVENTIONS FOR WALKING MEETINGS

The applications by Ahtinen et al. [1,3] provide a tool to introduce and increase the social

Walking as a way to increase occupational health is studied from a range of perspectives,

motivational thoughts about walking and a reward system [2]. This concept was based on

including incentive conditions for walking programs [34], the implementation, feasibility,

the initial concept ‘Walking metro’, which was improved and renamed as ‘Brainwolk’. In their

and acceptability of walking meetings protocols [20,62] and the effects of walking on

first ﬁeld study, Ahtinen et al. [2] presented 10 design implications for mobile technology

divergent and convergent thinking [31]. However, very little research has been done on how

that can be used to mediate walking meetings. These implications are presented in three

technology can mediate the practice of walking meetings. This despite the growing interest

categories: designing for acceptability, non-interrupting guidance, and discreet persuasion

in interventions and tools for health promotion at work, illustrated by the growing number

and stimulation. One example of such a design implication is “Enable the walking meeting

of reviews on the effectiveness of workplace interventions [16,58] and types of technology

to become an accepted way of work”, for instance by designing an ‘oﬃcial’ tool to support

[33,60] used to reduce sedentary behavior. Interventions to reduce sedentary behavior

acceptance [2].
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acceptance of walking meetings at work. Brainwolk features a map of the university campus,
suggestions for walking routes on the map, checkpoints with short visual break exercises and
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5

5.2.3 FIELD STUDIES AND WALKING
ETHNOGRAPHY
Although walking as a means to do research is not usual in the ﬁeld of HCI, it is more

5

frequently found in other disciplines. Walking methodologies can be used to bring a more

5

nuanced understandings of an environment, for instance to inform policy [28]. In landscape
research, walking is used to actively engage, create and interpret spaces collaboratively by
participants and researchers [37,65,68]. In the field of design, participatory design walks
can offer a way to stimulate memory, ideas and engaging participation [36].
In the social sciences, Ross et al. [55] propose that mobile research methods can be “utilized to
understand everyday experiences through embodied, multi-sensory research experiences”.

eﬀects and provide a template for bridging the general aspects of the theory to a speciﬁc

These experiences foreground movement and focus attention on research relationships [56].

problem space, context of use, and set of target users’ (p. 497)”. The RtD approach in a living

In his essay “Walking in the city”, De Certeau [15] emphasizes the immediacy and nowness

lab setting enables a more naturalistic and explorative evaluation over an extended period

of walking. Critical considerations on walking methodologies are provided by Macpherson

of time, thereby increasing the ecological validity of the study [9].

[42], who discusses the rhythm and style of the walk, the walk route terrain and distance,
and the ﬁtness and embodied dispositions of the walker.

5.4 METHODOLOGY
5.4.1 PARTICIPANTS

5.3 THE WORKWALK INTERVENTION
This study makes use of the WorkWalk service design, based on prior work by Damen et al.
[24]. The WorkWalk consists of three elements (Figure 5.1): (a) A set walking route with a
visible physical 1.8 km dotted blue line, (b) outdoor meeting point signs at the entrance of
all faculty buildings and (c) the WorkWalk is listed as a meeting location in the room booking
system. Reserving a WorkWalk is done in the same way as booking a regular meeting room
either by adding a location to a calendar event or directly booking a room in the booking
system, with a self-selected duration. The duration of a walking meeting following the
WorkWalk line is approximately 25 minutes. The WorkWalk was introduced to the university
employees in a newsletter to all university secretaries in May 2018 when the WorkWalk was
installed, with a request to forward the message to their teams.
The WorkWalk acts as a research artefact, in the sense that it allowed us to do researchthrough-design (RtD) and investigate the dynamics of walking meetings in context as well as
the intervention itself. By deploying research artefacts in the ﬁeld, design researchers engage
wicked problems and address gaps in theory and models. Zimmerman et al. [70] emphasize
the beneﬁts of a RtD approach by stressing that “in evaluating the performance and eﬀect
of the artefact situated in the world, design researchers can both discover unanticipated
128

Sixteen participants (9 male, 7 female) took part in this study. The mean age of our sample
was 39 years (SD = 11, Min = 23, Max = 58). Prior to the study and since the deployment of
the service, people who booked the WorkWalk were informed that they were participating
in a living lab study and could be invited via email for an interview about their experiences
with the WorkWalk. Participants were thus sampled via the room booking data, followed
by a snowball sampling strategy (i.e. participants naming colleagues who they knew have
been doing walking meetings). Inclusion of participants was until saturation of the data and
study participation was voluntary without incentive. People who were not familiar with the
WorkWalk or not able to conduct a walking meeting were excluded from the study.
The participant sample for this study consists of five (assistant) professors (P1,P4,P7,P12,P13),
five PhD candidates (P2,P3,P5,P8,P14), four managers and non-scientific staff members
(P6,P9,P15,P16), one student (P11) and one civil servant (P10). Their experiences with
walking meetings varied from one walking meeting only (n=2) to multiple walking meetings
a day (Table 5.1). Participant 10 appears to be an outlier with considerable experience,
which was mostly gained at her own workplace outside of the university campus, without
the use of the WorkWalk.
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TABLE 5.1. FREQUENCY OF WALKING MEETINGS OF PARTICIPANTS AND WEATHER DETAILS PER
MONTH.

5
5

5.4.2 PROCEDURE
To study walking meetings 16 semi-structured interviews [32] were conducted while
walking and gain insights into the drivers and barriers of walking meetings and experiences
with the WorkWalk. An interview guide was used, covering the following topics; 1) usage of
the WorkWalk, 2) experiences with walking meetings, 3) characteristics of these meetings,
4) perceived benefits and disadvantages of walking meetings and 5) future possibilities to
improve walking meetings. A walking ethnography approach was chosen to assess longterm cumulative experiences and stimulate reﬂection and reminiscence of past walking
meetings. To maximize unbiased use of the WorkWalk, all interviews were held post-hoc in

5.4.3 DATA ANALYSIS

the Summer of ’19 without prior inclusion of the participants. All interviews were held by

All interviews were transcribed verbatim, then coded and analyzed with MaxQDA Analytics Pro

the ﬁrst author, trained in interviewing techniques.

2018 by thematic analysis using an inductive approach. The first and third author independently

At the start of the walking interview, participants were told that they could follow the
WorkWalk path but were free to deviate from it and follow a customized path of their choice.

coded an interview and made a coding scheme, after which consensus was sought among the
researchers to derive a ﬁnal coding scheme. Quotes used in this paper were translated into

This was done to accommodate the duration of the interview, which exceeded the duration of

English if necessary. Participants’ routes during the interview were compared to the WorkWalk

the WorkWalk route. his allowed us to gain insights into the places on the campus that were

line to see whether people deviated from the route and to identify points of interests.

perceived as interesting or meaningful by the participants during walking meetings. During
the interviews, participants were asked about their deviations from the route and how these
deviations related to their walking meetings experiences. This approach is similar to the
‘guided’ walks described by Ross et al. [56] which trigger “a rich way of socializing, and a
closeness created through shared bodily engagement with the environment” (p. 609). To
that end, all but three (due to technical errors) routes were collected using a RouteTracker
application. The interviews were audiotaped and lasted between 30 and 80 min (mean
duration = 48 min, SD = 14.5).
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TABLE 5.2. DRIVERS AND BARRIERS EXPRESSED BY THE PARTICIPANTS (NB: THESE THEMES
REPRESENT COMMON ARGUMENTS MADE BY THE PARTICIPANTS, NOT BY ALL PARTICIPANTS)

Drivers

5

Different social dynamics Walking meetings felt more informal and less hierarchical.
Participants felt they had better, more natural conversations,
and that it was easier to talk about dif�icult topics. It also felt less
confrontational and more collaborative.

5.5 RESULTS
5.5.1 DRIVERS AND BARRIERS
The qualitative insights of the 16 interviews revealed several drivers and barriers to conduct

Positive characteristics

Walking meetings felt more relaxed, physically as well as
mentally. Participants expressed to experience less stress.

Visibility of the
WorkWalk

The visibility of the WorkWalk is perceived as a means to 1)
create awareness, 2) as a motivator to see in one’s agenda, 3)
normalise walking meetings and 4) provide guidance.

Time management

The environmental landmarks were used for time management
during walking meetings. It provided a shared sense of time.

Being outside

Being outside made participants associate more freely, less
distracted and more engaged in conversation.

Physically active

Walking meetings felt more dynamic as well as more energetic. It
helped to get into action and initiate tasks.

Time Tracking

The WorkWalk route was used as way to keep track of time

Recall

The landmarks were perceived as a means to recall memories
and made it easier to remember the meeting.

Weather

Participants felt more inclined to go for a walking meeting when
the weather was nice (dry, not too cold or too hot)

walking meetings. Table 5.2 presents an overview of these insights with a brief explanation.
In the subsequent paragraphs the results from the thematic analysis are provided.

5.5.2 WORKWALK USE
The experiences of the WorkWalk as a service design varied greatly amongst the participants.
The following section covers the use of the three elements of the WorkWalk, namely the line,

Barriers
Hierarchy

the meeting point signs, and the booking system. Furthermore, the frequency and monthly

Participants felt reluctant to ask a person who has job seniority
to go for a WorkWalk and felt they should initiate the walking
meeting.

use of the WorkWalk is discussed.

Acquaintance/ Assuming Not knowing the other person(s) or if the other person(s) would
intent
be up for a walking meeting would hinder participants to go for a
walking meeting.

Planning and Booking - The majority of the walking meetings by the participants were

Group size

Participants felt meetings with more than 3 persons were
inconvenient to do a walking meeting.

Time management

Walking meetings were perceived as more time consuming
compared to ‘normal’ meetings. It also requiring a more relaxed
mindset.

Being outside

Participants felt more distracted outside as compared to ‘normal’
meetings.

No daily routine

Walking meetings were not part of a daily routine and were not
on top of mind when going into a meeting.

Route limitations

The WorkWalk route felt too �ixed and static to accommodate
different types of meetings and different meeting durations.

not planned. Most of the time, people decided on the spot to go for a walking meeting and
therefore did not book the WorkWalk via the room booking system. Several participants
questioned the need to book a WorkWalk. In one case, one participant [P7] expressed that
the scarcity of meeting rooms at the university played a role in not going on a walking
meeting, since there would not be a back-up room available on the spot. She argues, “you
cannot really spontaneously say I’m doing a WorkWalk, and if not I will book a meeting room”
[P7]. She does, however, mention that this is not a problem with two people, since “you can
always find a corner or place to sit.”
Some participants did book a WorkWalk to inform their colleagues that the meeting would

Note taking & presenting Walking meetings did not accommodate note taking or
presenting and were therefore did the right �it for meetings that
require these activities.
Weather

Bad weather (rainy & cold) and not knowing what the weather
was like withhold participants to go for a walking meeting.

take place outside and therefore serve as a reminder to bring a coat. Two participants [P10,
132
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5

5

P15] expressed being motivated by the presence of walking meetings in their agendas, and

experience. Participants who deviated most [P3, P9,P13] either had more experience

therefore liked to book or color code walking meetings. According to one participant [P6],

with walking meetings or expressed to know the campus environment well. Overall, the

the WorkWalk helped to ‘normalize’ walking meetings by making it part of the booking

participants expressed that the deviations during the interview represented their walking

system

meeting experiences.

Frequency - The frequency with which the participants conducted walking meetings varied

5

5

5

greatly, ranging from one in total to approximately three per day. Table 5.1 shows the meeting
frequencies, based on the booking data as well as self-reported data of walking meetings that
were not booked by the participants. Two participants expressed peak moments in which
they went for walking meetings, one participant due to recovery from hernia surgery [P13],
and another because of planned walking meetings scheduled by a superior [P3]. Additionally,
a common reason for a higher frequency of walking meetings was the seasonal weather,
resulting in a peak usage in early summer (Table 5.1). For some participants their walking
meeting experiences were less than a month prior to the walking interview, although for
others this had been a year ago [P1, P2, P16] (Table 5.1). Almost all participants expressed a
wish for more walking meetings compared to their current standard.
Group Size - Walking meetings were considered most practical with one or two colleagues,
and one-on-one meetings were most common. Groups over three were considered
impractical, since people would split into groups of two or three. Three participants [P10,
P13, P14] talked about their positive experiences with walking meetings in larger groups.
These were generally part of a larger meeting, in which the group was subdivided during the
walk and rejoined afterwards to round up the meeting.

FIGURE 5.2. WORKWALK ROUTE AND TRACKED ROUTES OF P4 & P7

Most deviations from the WorkWalk route were redirected to more green areas on the

Meeting Point - Most participants did not meet at the meeting point sign. They either started

campus [P4, P9, P11, P12, P13, P14, P16]. As one of the experienced participants explained,

at a meeting room, at the coffee corner or picked up one another at their workplaces.

“I improvise, depending on the duration of the meeting. [..] there are some very nice laps

They would often walk to the meeting point sign together to start or continue the walking

around the campus. If we have more time, I even go to the lake” [P4]. In figure 5.2 we illustrate

meeting. As one participant explained, “I think I would wait in our building, either upstairs or

the route of [P4], of which the northern areas consist of more green areas of the campus.

downstairs, but close to the coffee” [P7]. Although the meeting point signs were not often used

By contrast, the route from [P7] exemplifies a route more closely to the original WorkWalk

to meet up, they did serve a function. According to the participants, they created awareness

route (Figure 5.2).

and served as “promotional signage” [P14]. In combination with the route, the meeting point
signs gave more substance to the WorkWalk, for instance by providing information on the
duration of the route.

The fading visibility of the route was a problem for some participants, who started following
the blue dots but eventually lost sight of them and continued on a different path (Figure 5.3).
One participant explained that he had to stop a couple of times during the meeting to check

Route and Physical Line - The way people made use of the WorkWalk route varied considerably.

where they had to go next, breaking “the flow of the meeting” [P2]. For another participant,

Some participants preferred to follow the route and not deviate, when others did not

“It leaves more space for the meeting if you can avoid this environmental distractions” [P7].

follow the predefined line. The participants who deviated least from the WorkWalk route

The line kept people in the “flow” of a meeting by eliminating the need to discuss direction.

during the interview [P2, P6, P7, P8, P11], were often the ones with lesser walking meeting
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Similar to the booking system, another common view among the participants was that

that I either don’t think about, I’m a bit lazy because I first planned it in a normal meeting

the physical line of the WorkWalk enhanced the social acceptance of walking meetings.

room. Or my schedule is super busy. But when people suggested a walking meeting I’m super

“People can see you are actually having a meeting” [P8]. Feeling that it is legitimate to go for

happy” [P7].

a walking meeting was considered a crucial factor in the adoption of this practice by most
participants. In some cases, this legitimation was projected on other users of the WorkWalk,

5

not necessarily the participants themselves. Similar to the meeting point signs, the line also
served as a reminder or call to action, “If the problem is that people have intentions but no
actions, making it visible is already a good reminder. So anyone could walk without the dots,
but the dots make it visible, and easier to transform your intention into action” [P7].

Being active and outside - A key driver for most of the participants to go for a walking meeting
is being physically active and being outside. As one participant expressed “I just don’t like
being in the office all day. That of course is also an advantage of a WorkWalk, that you can
go outside to stretch your legs, and at the same time do something useful and work” [P10].
One participant [P3] said he would not likely plan walking meetings in the future. He said
he did not feel the need for physical activity since he is active enough throughout the week.
Another participant [P9] however said that although “Quality of thinking is very important at
a university,’’ he still believes the reason to go for a walking meeting is because “it is nice to
go for a walk, rather than improving the meeting quality.”

5.5.4 SOCIAL DYNAMICS OF WALKING
MEETINGS
Walking meetings have different characteristics as compared to regular meetings. In the
following section, we will discuss the meeting types, the perceived formality and the
FIGURE 5.3. SCENES FROM THE WALKING INTERVIEWS, LEFT: FADING DOTS,
RIGHT: ENDING THE WALK AT THE MEETING POINT SIGN

experienced dynamics of walking meetings.
Meeting Type - Walking meetings were most often used for status updates, brainstorming

5.5.3 INTENTIONS

and ideation sessions, getting people on the same page, or to reflect on work processes. They

The participants had different intentions to go for a walking meeting. This next section will

her work was not up to standard. The most experienced walker expressed the view that

elaborate on the perceived drivers and barriers to initiate walking meetings. We will focus

there are “as many different walking meetings as there are people” [P10]. She explained she

on why and when participant would initiate a WorkWalk and when they would not.

had to watch out that people did not think of it as “just a little bit of pointless brainstorming”.

Intention to action - Although many participants had positive views on walking meetings,
they expressed that it was difficult to transform their intention into action. One of the

were also used for more emotional or difficult conversations, for instance to tell a student

She noticed that walking meetings “help to get into action” and “initiate tasks” because you
are active and experience less stress.

main reasons was that walking meetings were not part of their daily routine. There was no

Level of Formality - Participants experienced a different kind of social interaction during

automaticity in booking or planning a WorkWalk for most participants. They would book or

walking meetings. Walking meetings “break a level of formality” and have different

go to a meeting room out of routine without considering a walking meeting.

expectations compared to a meeting in a regular meeting room. To the participants they

Assuming intentions - Another common threshold was not knowing if the other person
or persons would be up for a walking meeting. Although most participants expressed
enjoyment when people would ask them to go for a walking meeting, they were hesitant to

felt more informal and less hierarchical. For some, note taking was an essential factor to
determine the level of formality of the meeting. If more notes were needed the meetings
were considered more formal, and would therefore not be suited for a walking meeting.

ask it themselves. “I was always very happy because it is something that I enjoy. It is something

The most experienced walker referred to indoor meetings as “just harder” [P10]. To her

136

137

5

5

“thinking and talking freely is more difficult in a room where you are close together.” Another

meeting “feels like an interruption of the flow […]. Suddenly you sit down, my body is still quite

participant [P2] had a similar experience during his walking meeting. As he explained, the

in the flow. It almost means that you need buffer time before sitting down and have eye contact,

meeting “became much more open” compared to a regular meeting where he would “always

a non-dynamic way of being” [P7]. Some participants also felt they were more creative while

try to maintain a certain structure”, using a laptop and a preset agenda. Similarly, another

walking as compared to sitting in a meeting room. Some participants felt more distracted

participant [P13] explained how a walking meeting pushed his student to take a helicopter

during a walking meeting as compared to a regular meeting. In contrast, others were less

perspective on her project and explain her project in her own words without getting lost in

distracted and more engaged in conversation. In addition, some felt more receptive to the

detail.

surroundings and associated more freely outside.

A shared view was that the person who has job seniority should initiate the walking meeting.
Often, participants would be hesitant to invite their superior to a walking meeting. The

5.5.5 PERCEIVED EFFICIENCY AND
ENVIRONMENTAL CUES

reasoning behind this was mostly based on not knowing if their superior would be up for it
and the feeling that proposing a walking meeting would ask more time or effort from their
superiors. As one participant explained: “With those who you know are extremely busy, you

Walking meetings are perceived differently in terms of time and space as compared to

don’t want to deviate from their normal style of meetings” [P11].

regular meetings. The environmental changes that result from walking provide cues for time

Meeting Characteristics - Walking meetings are also perceived as less confrontational.
This was explained by the position people have relative to each other, resulting in less eye

management and recall. In this section, we discuss the use of landmarks and the different
perceptions on the efficiency of walking meetings.

contact. Because “you are walking somewhere together” [P11] and “you are not constantly

Perceived efficiency - The time related aspect of walking meetings was a recurring theme.

facing each other” [P15] it feels more collaborative, according to one of the participants

On the one hand, they were often perceived as more time consuming compared to regular

[P2]. Another common view was that walking meetings felt more relaxed, physically as well

meetings. Workload was therefore often considered a barrier to undertake walking

as mentally. “During a walking meeting you have fewer conscious thoughts about your own

meetings. People experienced that being in a more relaxed state of mind resulted in more

posture and appearance” [P11]. To some people it even felt more intimate, resulting in a

walking meetings. Some participants also perceived walking meetings to have a slower pace

more selective approach to who to invite for a walking meeting. As one participant explains

as compared to regular meetings and therefore require a more relaxed mindset.

“I would not like to walk with people I don’t like, because I associate this format with informal
but also very friendly encounters, intimate to some extent. In that sense, this is not necessarily
a sense of intimacy that I want to share with people I don’t like” [P7]. On a related topic, most
participants stated that they would not go for a walking meeting the first time they meet
someone. An exception to this view was given by the experienced walker, who invites people
she does not know to walking meetings.

On the other hand, a couple of participants perceived walking meetings as potentially
more efficient. A practical example was given by one interviewee, explaining how he used
approaching the building from which they departed as a visual marker to conclude the
meeting. “When people begin to realize that when they are back, the issue must also be settled,
which is also a non-verbal way of making a clear close. I don’t like it if I have to actively send
someone away. You have to show it in one way or another that the meeting is over. But it is nice

Because there is less eye contact, people also found it easier to talk about difficult topics.

if you don’t have to point to your watch at the time” [P13]. One participant [P10] explained

Several participants expressed the view that a different environment can result in better,

how she uses the environment to manage time during a meeting. “For example, the bridge,

more natural conversations. In a regular meeting, people “play a role and behave the way

when I’m there I know how much longer the meeting will last. Furthermore, if you do the

they feel they are supposed to behave” [P12].

same round more often with people, they have the same experience. This leads to ‘a collective

Meeting Dynamics - Although there is less eye contact, there are more gestures during a
walking meeting. For some this resulted in experiencing walking meetings as more dynamic
as well as more energetic. One participant explained that sitting down after a walking
138

sense of time’ which is possible when you have reference points. When you approach the office,
people tend to slow down with you and only step over the threshold once you have finished the
meeting” [P10].
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Guideline for time management - The dotted line of the WorkWalk conveyed a sense of time
for some of the participants. Following the dots was perceived as an easy way to keep track
of time, since “otherwise you are only concerned with how long you have left and how you
should walk” [P16]. Another participant explained, “If you go off the route, you no longer have

5

a sense of time. A sense of time is important in a meeting, and as soon as you stop following the

5

dots, you lose track of time” [P8]. One exception to this view was expressed by [P10], as she
expressed it to be “unnatural to have one set path and set time”. She adapts the routes at her
workplace [not the university] to fit the type of meeting, ranging from a 6-9 minutes indoor
walk to a relatively long route through the forest. Some university employees [P4, P5, P12]
expressed similar strategies for altering the route to adjust the meeting time, for instance
by looping back across parts of the routes. Another strategy was to start the first half of a
meeting with the WorkWalk route and spend the second part sitting down in a meeting
room.

5.6 FUTURE CONCEPTS TO IMPROVE
THE WORKWALK
When asking the participants how they would like to see the WorkWalk evolve, several

Environmental cues - People expressed linking discussed topics to the specific places of the

suggestions were made. The following section highlights the main topics to improve walking

WorkWalk route, making it easier to recall memories of those meetings: “What I sometimes

meeting practice. In addition, some suggestions for assistive technologies are provided.

have is when I think back to the meeting, I associate that with certain places we’ve been. When
we were there, we talked about that and when we were there we talked about that” [P2]. He felt
that it was easier to remember the content of that single walking meeting experience even

Ideas on how to adapt to changing weather conditions were expressed frequently, for
instance by creating indoor routes or a system that automatically books a meeting room
in case of rain. The need for note taking or presenting was also commonly emphasized. “I

though it had taken place months prior to the interview. He however wondered whether this

wish there was a tool for data gathering, something that has voice recognition, or context

would also hold true if he were to participate in more walking meetings. Another participant

recognition” [P10]. According to one participant, it would have been interesting if Google

raised the question of how people would ideally want to remember their work time, “I mean
who wants to remember worktimes by sitting in meeting rooms?!” [P10].

Glasses had worked better, “if I had a way to refer to text and include gestures to improve
expressions” [P5].
Some participants thought of how the outdoor infrastructure could be beneficial for walking
meetings. As one participant explained, you could “use the campus as a canvas. [...] Like if
I have to talk about a specific topic, let’s go to a place that represents that” [P5]. Another
participant would like to see how you could set a specific meeting time and let the route be
set out for you according to that set time [P2]. In addition, several people [P1, P2, P12, P14]
expressed that the WorkWalk could be part of a regular meeting and encourage people to be
more open to shifting from one setting to another. It would also help to create awareness of
the possibility to have a WorkWalk route indoors. Several participants [P4, P6, P7, P8, P13]
noted that the vertical distance, number of floors up in the building, to the front door was a
greater threshold to going for a walking meeting as compared to horizontal distance. They
had experienced previous workplaces that were closer to the ground floor in which they
experienced less effort to go outside. In addition, one participant explains that “upstairs you
might have less of a notion about the temperature, and whether it is nice to go outside” [P6].
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5.7 DISCUSSION
Our findings contribute to existing work on active ways of working by providing in-depth
insights into drivers and barriers related to walking meetings. With the field implementation
of the ‘WorkWalk’ service design we found that walking meetings have different social

5

5

5

5

dynamics compared to regular meetings. Walking meetings were perceived as less formal
and more relaxed and were often not planned but had a more opportune character. How
walking meetings were conducted varied greatly among participants, ranging from
brainstorming and ideation sessions to being suited for serious and private conversations.
Key drivers to go for a walking meeting were being physically active, positive characteristics
of walking meetings, the visibility of the WorkWalk route and meeting point signs, the use

5.8 DESIGN CONSIDERATIONS

of landmarks for recall and time management, being outside and enjoying the weather.

Although some participants liked to book a WorkWalk, most participants did not do so.

According to the participants, walking meetings put them in a different mindset and

Often, booking a WorkWalk was not considered necessary since it is not a ‘room’ that needs

triggered a distinct perspective on the matters at hand. Key barriers were the perceived

to be reserved. Moreover, walking meetings were often initiated on the spot. This raises the

duration of a walking meeting, WorkWalk route limitations, distractions from being outside,

question of how the booking functionality could play a more relevant role in the WorkWalk

group size, hierarchy, the unconscious routine of going to a meeting room and the need for

service design, for instance to overcome the barrier that walking meetings were not part

presenting or note taking during a meeting. In addition, uncertainty about the weather

of participants’ daily routine. Ahtinen et al. [1] propose that the system should suggest a

outside prevented people to undertake walking meetings. Moreover, uncertainty if someone

walking meeting when the user is planning a meeting. Using context awareness, the booking

would be up for a walking meeting was also perceived as a barrier.

system could provide the suggestion of a walking meeting at the right time and at the right

The insights presented in this study apply to walking meetings, but also have wider
implications for the field of HCI in the context of office work. Walking meetings are one
example that illustrate opportunities for physically active ways of working. With this, we
move beyond technological interventions that aim to encourage break taking behavior
to increase physical activity in the office environment. HCI and design research play an
important role in the development of supportive technologies to accommodate healthy and

place. Furthermore, it could book an alternative room automatically in case of bad weather
or provide an indoor walking route alternative. This could increase the adoption of walking
meetings by addressing bad weather, which was also perceived as a barrier. A more contextaware system, that understands the constraints and characteristics of one’s calendar entries,
could support the adoption of active ways of working and enrich the overall user experience
of supportive technologies.

dynamic work practices. Based on the insights gathered in this study, several opportunities

Recommendation 1: Context-aware support systems could overcome perceived barriers of

and recommendations were found for the development of novel technological tools and

planning and appropriation of active ways of working

services to support and enhance walking meetings in particular and active ways of working
in general.

There were notable differences between the opinions and reflections of novice walkers
as compared to more experienced ones. Novice walkers tended to use the WorkWalk line
more and followed it more closely. Experienced walkers deviated more from the predefined
WorkWalk route. The WorkWalk line thus seems to serve as a starting point for people to
get familiar with walking meetings, guided by concrete and tangible elements. The route
was used more freely by experienced walkers who actively adjusted their route according
to the type and duration of their meetings. This shows the importance of designing the
service components in line with, and adaptable to, the users’ level of experience [69]. While
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the current service design allows for free interpretation and appropriation, the creation

Recommendation 4: Using the indoor and outdoor environment and significant landmarks

of additional and more diverse routes could be considered. On the one hand, this would

could leverage the potential of walking meetings and their implementation.

support the onboarding of novice users, by offering guidance and reducing the perceived
negative effects of deviating from the line, such as the barrier of losing track of time. On the
other hand, this could showcase and support different ways of doing a walking meeting and

5

thereby addressing the barrier of static and fixed route limitations. One could for instance
imagine a stimulating creative route for ideation, a landmark route for decision making or a
quiet scenic route for trust building and sensitive matters. These alternatives could be based
on the positive characteristics of walking meetings found in this study.
Recommendation 2: Adaptability and diversity stimulate the onboarding of new users and
facilitates open ended use in active ways of working
Our findings show that walking meetings entail a high relational aspect, with people
often reflecting on them using social and hierarchical terms. Participants sometimes felt
the barrier that walking meetings were not really accepted as part of the work culture, or
did not dare to enforce walking meetings on their colleagues. We follow Ahtinen et al.’s [2]
design implication to “Enable walking meetings to become an accepted way of working”
and deepen the understanding of how to achieve this goal. The visibility of the WorkWalk
concept enhanced the social acceptance of walking meetings. This was mainly due to
the presence of the dotted line and meeting point signs on the campus, showing that the
institution supported the practice of walking meetings. We thus stress the importance of

Our findings shows that walking affects the social dynamics and set-up of meetings. As our
drivers indicate, walking can reduce the feeling of formality, hierarchy and stress. In addition,
walking meetings felt more relaxed as opposed to regular meetings, both in a physical and
mental way. As previously reported on walking therapy sessions [54], we found that walking
also promotes a collaborative way of working in the office context. Therefore, walking can be
used to positively influence the social interaction in and nature of conversations.
Recommendation 5: Walking methodologies can be used to improve the social dynamics and
set-up of meetings.
In HCI and design, insufficient attention has been paid to the development of supportive
technologies that stimulate physically active ways of working in the office [23]. Based on
our findings, we see potential for technology and design to enhance the user experience of
walking meetings and active ways of working. Reducing the pragmatic differences between
regular meetings and walking meetings could leverage this potential. Portable devices
embedding Speech-to-Text software could be used to facilitate note-taking while walking,
and public screens or specific meeting hubs could be used to share slides or sketch ideas.
Additionally, technological nudges in ordinary meeting rooms could encourage users to
switch between a regular meeting setting and a walking meeting.

physical elements in the built environment to legitimate active ways of working for users as

We acknowledge that the campus setting in this study provides favorable circumstances

well as observers.

for walking meetings. Not all office environments present the same facilitating conditions

Recommendation 3: Embedding active ways of working in existing infrastructure and work
routines by making it physically visible increases social acceptance
Our data also indicates that nudges to walk should not only be placed outside, but rather have

which need to be considered in terms of transferability of walking meetings to other
contexts. In the absence of significant landmarks, one could for instance rely on the design
of ambient technology to act as environmental cues for walkers to adjust the dynamics of
their meetings. This offers fertile ground for future research in this area.

a starting point or trigger indoors to bridge both environments and lower the threshold to
engage in walking meetings. More creatively, participants indicated that walking meetings
presented an opportunity to manage time in a more natural way. Landmarks were for instance
used by experienced walkers as cues to smoothly end a meeting, thus adding to a sense of
efficiency and time management. Indirect cues, such as coming back to the starting point,
were used as soft interaction points. This could also be considered when designing new
walking routes, shaped according to meaningful landmarks and felt experiences of users.
Lowering the threshold to engage in a walking meeting by using the indoor and outdoor
environment creates more opportunities to increase the uptake of walking meetings.
144
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6

I

n Chapter 5, we have highlighted several obstacles that limit the

social acceptance and wider adoption of walking meetings. The difficulty
of taking notes or presenting files was a recurring concern for office
workers. To address these barriers, we designed the Hub, a network
of stand-up meeting stations that accommodate different work-related
tasks during walking meetings.
This chapter includes one case study and one full paper on the Hub. In
the case study, we focus on the development and pilot study of the Hub.
We report on two pilot user tests investigating users’ experiences and
ideas for improvement and future research.
In the full paper, we use the Hub as a design exemplar, to conduct a
scenario-based survey (N=186). This study provides insights into how
technological solutions can support the practice of walking meetings.
Focusing on the size of the group and type of meetings, we identify
scenarios of use and discuss design implications for the development of
future technologies and service design components to support walking
meetings.

154

155

THE HUB: FACILITATING
WALKING MEETINGS
THROUGH A NETWORK OF
INTERACTIVE DEVICES

6

6.2

6.1 SUPPORTIVE TECHNOLOGY FOR
WALKING MEETINGS
By providing a physically active way of working, walking meetings can reduce our sitting
time. Several obstacles that limit the social acceptance and wider adoption of walking
meeting practice have been highlighted in previous chapter. Amongst these, the difficulty
to take notes or present files is a recurring concern for office workers. To address these
barriers, we designed the Hub, a network of stand-up meeting stations that accommodate
different work-related tasks during walking meetings.
In this chapter, we will first present a case study focusing on the development and pilot
study of the Hub. The results of this pilot study revealed the importance of the placement of
the Hubs, the timing mechanisms used by participants and specific meeting practices when
using the hubs. We also discuss inclusivity and diversity.
Following the case study, we present an online survey (N=186) to identify scenarios of use of
the Hubs. The Hubs were used as virtual research artefacts intended to trigger reflection from
office workers about their needs to conduct walking meetings in an efficient and pleasant
way. Focusing on the size of the group and type of meetings, we identified scenarios of use

This subchapter is a reproduction of the paper published as:

and discuss design implications for the development of future support for walking meetings.

Ida Damen, Anika Kok, Bas Vink, Hans Brombacher, Steven Vos, and

We furthermore aim to open the discussion on how existing and emerging technologies can

Carine Lallemand. 2020. The Hub: Facilitating Walking Meetings through

support efficient walking meeting experiences.
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following categories: designing for acceptability, non-interrupting guidance, and discreet
persuasion and stimulation. Relevant examples include: (i) enabling the walking meeting
to “become an accepted way of work” for instance by designing an ‘official’ tool to support
acceptance; (ii) utilizing digital UI features and physical objects to motivate and support
and(iii) guide but do not interrupt. Following these implications, we focus on the design
and development of a network of interactive devices that accommodates walking meetings.

6.2.2 DESIGN OF THE HUB
DESIGN PROCESS

6.2.1 INTRODUCTION
Our increasingly sedentary lives are a major health risk [3]. Physical inactivity is the fourth
leading cause of death worldwide and is associated with the development of a wide variety
of diseases such as type II diabetes, cardiovascular diseases, colon-and breast cancer
[6,19,33,47,48]. Office work is particularly prone to physically inactive behavior, with office
workers spending the vast majority of their working hours sitting [6]. In the past decade,
a myriad of digital tools has been developed to reduce sedentary time at work. A common
strategy to reduce sitting time is to encourage people to take more breaks and interrupt
their work [9]. Very few tools, however, facilitate physically active ways of working. In the
field of Human Computer Interaction (HCI), we can find a few notable exceptions like the
work of Tobiasson et al. [16] on physical movement probes and dynamic workstations by
Probst et al. [13] and Choi et al. [5].

The design process of the Hub is based on a research-through-design approach [18]. First, we
gained insights into the practice of walking meetings by adopting a first-person perspective.
Exploring different forms of meetings (indoor vs. outdoor, 2 vs. 4 team members, ideation vs.
informal discussion), we experienced the thresholds of walking meeting, specific to indoor
walks. We also explored how digital tools such as phones and tablets and non-digital tools
such as notebooks, could facilitate note taking and presenting. We then generated ideas,
around four design requirements, based on previous empirical studies identifying several
barriers related to the practice of walking meetings in the office environment [2,9]. Our
artefact should: (i) facilitate the opportunity to present and/or take notes, (ii) not interrupt
the flow of the meeting, (iii) accommodate different types of meetings and facilitate openended use, (iv) accommodate indoor as well as outdoor walking meetings.

Walking to increase occupational health is studied from a range of perspectives, with a

DESIGN CONCEPT

dearth of research so far on how technology can mediate the practice of walking meetings
[1,2,8,9]. Ahtinen et al. [1,2] investigated the use of mobile technology to mediate walking
meetings, whereas Damen et al. [8,9] studied a service design for walking meetings.
According to Damen et al., walking meetings offer a promising means to integrate physical
activity into daily office life. Not only can it reduce sedentary time at work, but walking is also
beneficial for physical health [4], mental health[4]and work performance [7,12]. Although
walking meetings offer a promising solution to reduce and prevent the negative effects of
prolonged sitting, there are several barriers that prevent office workers from engaging in
this practice. Damen et al. [9] have identified nine categories of barriers, amongst which
the most common are unpredictable weather, cultural acceptance of this form of meeting
and its integration into daily routines and the lack of possibilities to take notes or give a
presentation [9].Ahtinen et al. [2] presented 10 implications for design grouped into the
158

The Hub (Figure 6.1) is a stand-up meeting station that accommodates different workrelated tasks during walking meetings. Several Hubs are placed in series and form a network
of landmarks that guide the meetings. A hub is equipped with one to four integrated
touchscreen-controlled laptops with RFID scanners that connect to the employee card to a
custom-made web environment. The shape of the Hub is inspired by Dutch ANWB signposts,
which are commonly used to point direction in the Netherlands (Figure 6.2). The basis of
the Hub is made of an MDF structure, wrapped with adhesive PVC foil with wood effect.
The top is designed as a slanted cubic that can integrate four touchscreens. The height was
defined to maintain the social and informal aspect of a walking meeting while also being a
convenient surface to take manual notes or place items like a coffee cup.
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6.2

The Hub is controlled by an Arduino and Processing sketch. The Arduino is connected to an
RFID, reading the tag id of the user’s card. The card’s value is sent via USB to a Processing sketch
which runs on the computer(s) in the Hub. This will access a customized web environment,
where users can view the meeting’s agenda and action points, show presentation material,
take notes, or browse the web. The screens on the Hub can be used either independently or

6.2

6

in a duplicate mode. While features such as speech to text, audio recording or an integrated
receipt printer for meeting notes were part of the ideation process, the first version of the
Hub act as a minimum viable product which will allow us to research and optimize the
experience of walking meetings with these devices.

6.2.3 PILOT STUDY
Two pilot tests (Figure 6.3) were conducted to improve the concept of the Hub, focusing
on an indoor scenario. In the first test, a brief explanation of the concept was given to
seven target users, who were asked about their first impression about the concept, its
perceived usefulness, and the scenarios of use they could think of. The second test included
a 30-minutes exploratory user test using the Hub with 10 participants divided in groups of
2 to 4, followed by a 20-minutes interview. For this test, participants were asked to conduct
a meeting that was already scheduled in their agenda. After a short explanation of the
study set-up, the participants conducted their scheduled meeting during an indoor walking
meeting while making use of the Hub. The Hub was relocated twice, so that participants had
three moments to interact with the device. The results of the pilot tests revealed that the
placement of the Hub was important since they did not want to disturb other people during
their meeting. Also, privacy was considered an issue, especially when discussing sensitive
information. To further ensure privacy, the slides on the Hub should disappear immediately
after leaving. The multiplicity of Hubs served as a timing mechanism for the participants,
FIGURE 6.1. FABRICATION OF THE HUB

FIGURE 6.2. ANWB MUSHROOM TO POINT
DIRECTION

stimulating wrapping up a subject and continuing to the next point on the agenda. On the
aesthetical side, participants also mentioned that the Hub should match the look and feel of
the built environment it is part of. Finally, it was deemed important that the Hubs would be
inclusive for all types of users.
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6.2.4 FUTURE WORK
Future work includes several user studies to explore the most relevant use scenarios for
the Hub both indoor and outdoor: a) an online survey based on scenarios of use and b) a
series of ideation “walkshops” (i.e. walking workshops) and user tests. First, we created
four storyboards representing office workers going for a walking meeting using the Hub.
Following the method used by [17] the scenarios are incomplete: it is up to our participants
to imagine how they will use the hubs depending on the number of people involved in the
meeting. This study will inform research on walking meetings by providing insights on
the influence of the number of participants on the desirable uses of the Hub. We will also
refine the web platform and features on the Hub, exploring creative proposals beyond the
pragmatic functionalities offered. Second, we will conduct walkshops and user tests with
groups of participants to study the experience of the Hubs in-situ. Our focus will be on the
flow of the meeting, the supportive role of the Hubs and the optimization of the location
and number of Hubs in a given workplace environment. Technical solutions might later be
sought to make users aware of the position and availability of Hubs during their walks, or
even to suggest different types of routes depending on the meeting type. In addition, we will
also research the ergonomics of the Hub further, with a focus on accessibility.

FIGURE 6.3. USER PILOT TEST WITH THE HUB.
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[1,2,3,13,16]. Ahtinen et al [1,2,3] developed and researched the use of mobile technology to
mediate walking meetings, whereas Damen et al. [13,17] implemented a service design for
walking meetings called the WorkWalk [13,17]. Both research teams gained users insights on

6.3

the barriers and drivers of walking meetings and provided some design recommendations
[1,17]. What remains underexplored is how technology can support the practice of walking
meetings to overcome barriers and strengthen opportunities for users. This is a timely topic
that the HCI community can address to contribute to future and healthier ways of working.
In this paper, we build on the work of Damen et al. [16] in order to explore workers’ needs
during walking meetings with an emphasis on the match between specific tasks or use

6.3.1 INTRODUCTION

scenarios and potential technological support. To the best of our knowledge, no previous

We are currently on the brink of a fourth industrial revolution, where artificial intelligence

and needs with regards to walking meetings. Through a scenario-based online survey

as an emerging force is reshaping and disrupting our world. This will transform the way

(N=186), we explore the most relevant use cases for the design of “walking meetings Hubs”,

we work by fusing technologies and blurring our physical and digital world. Our offices are

stand-up meeting stations that accommodate different tasks during walking meetings. We

becoming more and more “flexible”, with remote work and telecommunications on the rise.

purposively used the Hubs as exemplar of a tangible technology situated in a physical work

Be it at the office or from home, knowledge work is characterized by sedentary behavior,

environment, to investigate this under-research area (previous work in HCI focusing mostly

with 71% of working hours of office workers spent sitting [12]. This has been further

on mobile-mediated concepts). We discuss the usefulness and relevance of the Hub concept

emphasized during the COVID-19 pandemic [39]. Sedentary behavior is however a major

to overcome the obstacles associated with walking meetings and expand the discussion on

public health risk [8]. Physical inactivity is now considered the fourth leading cause of death

how existing and emerging technologies can support efficient walking meeting experiences.

worldwide, with over 5 million -theoretically preventable- deaths per year [23,48].

We finally emphasize implications for design, relevant for the development of future

Office work is characterized by physically inactive behavior, with office workers spending

study did sample a large number of participants in order to understand users’ perceptions

technologies and service design elements to support walking meetings.

most of their working hours sitting [12]. To reduce this considerable sedentary time, a
myriad of digital tools and interventions have been developed over recent years [14,21],
with a focus on mobile applications, smartwatches and prompting software. Most of these
products, however, consider physical activity as a break from work [14], encouraging
workers to take more breaks during the day [14]. Very few tools and interventions are based
on the underlying principle that physical activity and office work are not mutually exclusive.
Within the field of Human-Computer Interaction (HCI), few tools or interventions that
facilitate physically active ways of working are described. The most common example is
a dynamic workstation, as described by Tobiasson [45], Choi [11] and Probst [35]. These
designs aim to support the integration of physical activity with work behind a standing desk.
Beyond the individual desk, a promising opportunity for physically active ways of working
can be found in the context of meetings. Previous work investigated position changes through
modular meeting furniture [15] or strongly emphasized the potential of walking meetings
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WALKING AND WALKING MEETINGS
According to the ancient Greek philosopher Hippocrates “walking is a man’s best medicine”.
This old wisdom still holds true according to modern science. Walking is beneficial for
several physical and mental health issues [9]. Walking can for instance decrease bodyweight,
BMI and bodyfat percentage [7,27]. It can furthermore increase maximum aerobic capacity,
lower blood pressure and decrease resting diastolic blood pressure in previously sedentary
adults [27]. Moreover, walking can reduce the risk of cardiovascular diseases [28].
In addition to these physical health parameters, walking can have a positive influence on

6.3.2 RELATED WORK
ACTIVE WAYS OF WORKING
A large and growing body of literature has investigated the role of sedentary behavior in
office workers, ranging from the negative health effects [18,19,20,23,29,33,42,44] to how

various mental and emotional outcomes. Thayer et al [43] found that the amount of daily
walking predicted a wide variety of positive psychological conditions. They report a positive
correlation between step count and self-rated health, energy, overall mood, happiness and
self-esteem. In addition, walking can reduce stress and anxiety [10] and decrease or even
prevent depressive symptoms [4].

we should design interventions to reduce sitting at work [14,21,24,25,29,31,41]. There is,

Walking at work may even enhance work performance of employees. Walking increases

however, a relatively small body of work that is concerned with active ways of working.

blood flow to the brain, which may result in cognitive benefits like increased creativity [32].

Especially within the field of human computer interaction, we see very little research on

It can also counteract the health risks that are associated with prolonged sitting such as an

this topic. In 2012, the concept of working “in motion” was introduced to facilitate seamless

increased risk of anxiety [42] and intermediate levels of psychological distress [22]. Walking

changes between different work task and work positions such as sitting and standing

could also facilitate psychological processing and promote a collaborative way of working,

[35]. Probst et al. [35] promote a paradigm shift towards an integrated supportive work

as is used in therapy settings [26,36].

environment through active office design, for instance an interactive chair as an ubiquitous
input device to control the workplace computer by tilting, rotating, or bouncing [34] .

Despite all the positive effects that walking can have on a person’s health and wellbeing,
walking meetings are not a common work practice. Several barriers remain for office

Other examples of designs that facilitate active ways of work are active desks or desk

workers to engage in this practice. Damen et al. have identified nine, amongst which the most

applications, like the design “Tap-Kick-Click” of Saunders and Vogel [37]. They present a

common barriers are unpredictable weather, cultural acceptance, difficulties of integrating

foot interaction technique to control conventional desktop applications at a standing desk.

walking meetings into daily routines and the lack of possibilities to take notes or give a

Similar to this concept is the ”Foot-Mouse” concept of Tobiasson [45], that is presented as

presentation [17]. In 2016, Ahtinen [3] presented ten design implications for persuasive,

a physical movement probe for the office in their paper “Still at the Office”, together with

mobile walking meetings. One of these implications is that enabling walking meetings to

the concepts “active desk” and “irritating chair”. All probes were designed in an attempt to

“become an accepted way of work” by designing an “official” tool could support the uptake

transform the sedentary nature of office work into more physically sustainable work [45]. A

of this practice.

final notable example is the work of Nieuweboer et al. [30], a provocative design called “The
Office Jungle”. With their work on “designing for wildness”, they propose to transform the
way we work by turning the office environment into an office jungle.

WALKING MEETINGS AND TECHNOLOGY
By designing tools and interventions that enable and facilitate walking meetings at work,
walking might become a more natural part of an office day. In contrast to the current
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THE HUB CONCEPT

intervention strategy to encourage people to take more breaks and interrupt their work,
walking meetings can integrate physical activity with work. This may make it feasible to

6.3

adhere to the expert statement on the growing case for change towards better health and

This research focusses on how technology can support walking meetings, and more

productivity in office work that states that “Workers should aim to initially progress toward

specifically how users envision themselves using the Hub concept. The Hub in the present

accumulating 2 hours per day of standing and light activity, such as light walking during

study is used as a research artefact in order to gain broader insights into the support

working hours, eventually progressing to a total accumulation of 4 hours per day” [8].

technology could bring to facilitate the adoption of walking meetings. The Hub network is

To date, there is a dearth of research on how technology can mediate the practice of walking
meetings. We found merely three designs can be found in the field of HCI. Ahtinen developed
and studied the use of mobile technology to mediate walking meetings by means of an app
[1,2,3]. The “Brainwolk” and the preceding “walking metro” mobile application provides an
introduction to walking meetings at work to increase the social acceptance. The Brainwolk
app features a university campus map, suggestions for walking routes, checkpoints with
short visual break exercises and motivational thoughts about walking and a reward system

a series of stand-up meeting stations (Figure 6.4) that accommodate different work-related
tasks during indoor or outdoor walking meetings [16]. Several Hubs form a route that guide
the meeting for a pre-set duration. The Hubs are equipped with touchscreen-controlled
laptops, which can be used independently or in a duplicate mode. By scanning an employee
card using the RFID scanner on top of the Hub, the user can access a custom-made web
environment with their personal files. The Hub is currently controlled by an Arduino and
Processing sketch.

[2]. One of the drawbacks of this applications was that “the use of the application caused
too much disruption and the users were not able to concentrate on the meeting itself” [1].
According to the authors, researchers and practitioners can encourage physically active
ways of work by combination of digital and non-digital discreet persuasion techniques to
help motivate sedentary workers to become more active, creative and sociable [1].
Damen et al [13,17] developed and studied a service design for walking meetings called the
WorkWalk. The WorkWalk consists of a physical route of 1.8 km long, has meeting point
signs at all faculty buildings and is integrated in the university’s room booking system [13].
Damen et al. [17] used this concept as a design research artefact to study walking meetings
and reflect on them during walking interviews with the participants. Their findings suggest
five design recommendations for the development of future technologies and service design
elements to support walking meetings, such as “Embedding active ways of working in
existing infrastructure and work routines by making it physically visible increases social
acceptance” [17].
In 2020, Damen et al. [16] presented a case study detailing the design and pilot study of
The Hub. Based on previous research addressing the barriers of walking meetings, the
Hubs were designed to accommodate different work-related tasks during walking meetings.
Damen et al. [16] report on two pilot user tests investigating users’ experiences and ideas
for improvement. They did not, however, gather insights in how the Hub could be used in
different scenarios and what potential features a Hub should have to accommodate specific

Figure 6.4. The hub, as part of a network of stand-up meeting stations

meeting types.
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SOCIO-DEMOGRAPHICS AND MEETING
ROUTINES
This section included questions about age, gender, job title, as well as the experience with
walking meetings (assessed on a 5-points Likert scale from “No experience” to “Expert”)
and the type of meetings conducted in their professional activity. For this last question,

6.3

respondents assessed the frequency of 8 categories of meetings using 5-points Likert from
“Never” to “Very often”.

6.3.3 METHODOLOGY
In order to explore the most relevant use scenarios for walking meetings with technologies
such as the Hubs, we designed an online survey combining Likert scales with vignettelike scenarios [5]. The scenarios feature two distinct variables: the number of coworkers
involved in a walking meeting, with three conditions (a group of 2-4, a larger group, or by
oneself) and the type of meeting, with eight defined meeting types.

INTRODUCTORY SCENARIO AND DESIRED
FEATURES
In this section, we used a storyboard to introduce the Hub as an interactive device designed
to support walking meetings. We then asked respondents to assess the importance of nine
potential features of the Hub to support their walking meetings using 5-points Likert scales
from 1 “Not important” to 5 “Very important”. These features were note-taking, presenting,
web browsing, sketching, video calling, access to personal files, brainstorming tools, access
to email and calendar, printing. In addition, respondents could come up with additional

PARTICIPANTS

features in an open-ended text field.

A total of 186 respondents (99 females, 81 males, 6 prefer not to say) filled out the survey,
with a mean age of 33.4 (SD = 12.3). Of the 145 respondents (78%) who specified their
occupation or background, fifty-four respondents (29%) were students, 18 (9.7%) designers,
20 (10.8%) researchers and 53 (28.5%) categorized as “other”. The level of experience
with walking meetings was on average M=1.79 (SD = 1.07, Min=1, Max=4) on a scale from
1 ‘Novice’ to 5 ‘Expert’. The majority (56.5%) of respondents self-described as novices to
walking meeting (rating of 1), 21% little experience (rating of 2), 9.7% some experience
(rating of 3) and 12.9% leaned to the expert side (rating of 4).

SCENARIOS BASED ON THE NUMBER OF
TEAM MEMBERS INVOLVED IN THE WALKING
MEETING
We created three storyboards representing office workers going for a walking meeting
using the Hub (Figure 6.4). Following the method used by Walsh et al. [46] the scenarios
presented are incomplete: it is up to the respondents to imagine how they will use the
Hubs. The scenarios varied in the number of co-workers involved in the meeting, with three
alternatives presented, respectively walking (a) with a group of 2-4 (b) with a larger group

PROCEDURE AND MATERIAL
The survey was disseminated online during a 6-weeks period early 2020 and advertised

or (c) by oneself. Using a multiple-choice question, respondents are asked “Which types of
meetings would you most likely have in this scenario? (potential answer options based on
the 8 meetings types described in Figure 6.6).

on social and professional networks, targeting people involved in sedentary professional
activities such as office and knowledge workers (this second category also included students

Two subsequent open-ended questions asked, “In your opinion, what influence can the Hub

in higher academic institutions). It thus involves a non-probabilistic sample. Ethical approval

have on your meeting when (meeting context based on the meeting size)?”, one being focused

for the study was obtained from the university’s review board.

on the positive influence, the second on the negative influence in order to counterbalance

174

175

6.3

DATA ANALYSIS

biases. Both questions suggest an influence and are not neutral in essence, because our aim
is not to prove a positive or negative tendency but to act as a trigger for respondents to
envision ways such a technology can affect their meetings. Finally, respondents declared

Qualitative answers were coded and analyzed with MaxQDA 2018 by thematic analysis

how likely they were to personally go walking meeting in each scenario using 5-points Likert

using an inductive approach. The first and last author independently coded a data sample

scales from 1 “Very unlikely” to 5 “Very likely”.

and made a coding scheme, after which consensus was sought among them to derive a final
coding scheme. The survey questions are provided as supplementary material.

6.3
WALKING MEETING JOURNEY
Walking meeting with a group of 2-4

Figure 6.5. Example of an incomplete scenario used as a prompt in the walking meeting
survey

The last part of the survey asked respondents to define and describe their own walking
meeting journey. First, they picked their preferred group composition and preferred meeting
type. Instructions were as follows: “In order to design optimal interactions with the Hub, we
need people to imagine themselves in a precise context of use. We will thus ask you to pick a
type of meeting and a number of participants (the most suitable meeting situation for you)
and then to walk us through the story of this meeting, supported by the use of the Hubs. You
can rely on a previous meeting you already had and transpose it to the situation of a walking
meeting with a Hub or rely on a future meeting you expect to have at work.”
Respondents freely described their actions through the meeting journey, at 3 defined stages:
1 “You are starting your walking meeting at the starting point, equipped with a Hub, could
you describe the actions you would do at the first hub?”
2 “After a couple of minutes of walking, you arrive at an intermediate Hub. Could you describe
the actions you would do at this intermediate hub?”
3 Finally, it is almost time to wrap up this meeting and you go to the last Hub on your path.
Could you describe the actions you would do at this last hub?”.
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FEATURES OF THE HUB
Participants were asked to evaluate the importance of potential features of the Hub, ranging
from not important (1) to very important (5). Nine features were evaluated (Figure 6.7), of
which note taking (M = 3.84, SD =1.14) was considered the most important, and printing
notes or documents (M = 2.19, SD = 1.28) the least important. It was hypothesized that

6.3

walking meeting experience could affect the rating of features, yet we found no significant

6.3.4 RESULTS
TYPES OF MEETINGS

Very important (5)

difference based on walking meeting experience.

To gain insights into the types of (traditional) meetings the respondents generally have in
to 5 (very often). Figure 6.6 shows the distribution of these frequencies and the average
ratings. Regular meetings occurred the most (M=3.75, SD=1.01), followed by information
sharing meetings (M=3.68, SD=0.96) and one-on-one meetings (M=3.39, SD=1.09). These
were closely followed by decision making (M=3.37, SD=1.04), problem solving (M=3.34,

Note-taking

4,5

Presenting

4

Web browsing
Sketching

3,5

Video calling

3
Not important (1)

their job, they were asked to rate the occurrence of eight types of meetings from 1 (never)

5

Access to personal files
Brainstorming tools

2,5

Access to personal e-mail calendar

2
1,5
1

SD=0.95) and brainstorming (M=3.24, SD=1.08). Presentation (M=2.99, SD=1.05) and
training sessions (M=2.47, SD=0.99) were the least frequent types.

Figure 6.7. Descriptive statistics of the Hub features importance assessed on 5-points
Likert scales

Very often (5)

5
Regular team meeting

4,5
4

Information sharing

the Hubs, respondents could add additional features they would personally need. The

Problem solving

most frequent replies were related to time management and route planning. Seventeen

Decision making

respondents mentioned that the Hubs should help to keep track of time by displaying the

3,5

One-on-one

3

Presentation

2,5
Never (1)

In addition to the Likert scale questions featuring nine predefined potential features of

time left for the meeting. In addition, eleven people expressed the need for directions or
walking route options.
Another common feature suggested by respondents was voice or video recording, mainly to

2

replace written meeting minutes. Some people would like to see an automatic transcription

1,5

of their audio recordings at the end of the meeting. These transcriptions should be sent to
their email account or uploaded in a personal cloud. An automated generation of written

1

minutes or to-do lists was another recurring feature, yet most respondents mentioned the

Figure 6.6. Descriptive statistics of the meeting type frequency, assessed on 5-points Likert

need to take notes manually. Like the audio recordings, these writings should be easily

scales

shared with all participants or send to third parties.
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Lastly, a couple of Hubs set-up features were suggested, for instance the adjustable height

exact moment when you need them: “It could disrupt the flow of the meeting”. This is aligned

of the Hubs. The Hubs could also be used “as static meeting points by adding something to

with a few participants expressing concerns that one could forget the elements to write

lean against while using them. This might be useful when you need some more time with a

down in-between the Hubs. Another potential barrier was that people would stay at the

visual or for people with less mobility that still want to have outdoor meetings”. Finally, one

Hub for a long period thus stopping their walk. As one respondent stated, “it then becomes

person mentioned the use of “inspirational ideation prompts”, to make sure people do not

a standing desk outside”. According to several respondents, such a practice would nullify the

linger at one Hub and walk to the next Hub for instance by giving a question to think about

positive effects that walking meetings could have such as out-of-the-box thinking and being

while walking to the next Hub.

physically active.
Another common negative effect was distraction. The Hub itself could provide distraction

EXPECTED POSITIVE AND NEGATIVE EFFECTS

according to some, however, most felt that the environment and other people could drive

In order to assess how people felt the Hub would affect their meetings, they were asked

involved or not). This was especially true for larger groups, as “it is difficult to let everyone

to think about the potential positive and negative effects of the Hub network (Table 6.1).

hear the one who is speaking due to surround noise and spatial organization.” Several

Participants mentioned several positive effects, the meeting structure being the most

respondents explained that it could lead to people splitting up into groups, staying behind

common. Thirty participants expressed that the Hubs could support meeting structure by

or not participating in the meeting. In addition, not everyone is able to use or view the Hub

giving direction, providing demarcation time or by using the Hubs as distinctive “landmarks”

to take notes or see what is presented. Less common concerns were matters of privacy, such

which could “give a marker in space and time”. These landmarks could be related to the

as how to deal with people that could overhear a private conversation. Some people also

agenda points, act as a trigger for decision making or transitioning to a new topic. A

said it would look weird or feel lonely to stand at a Hub by yourself.

them to distraction during the practice of walking meetings (no matter if technology is

respondent also expressed that the presence of Hubs could “ensure targeted meetings”,
since “Hubs are intermediate cells where you can take notes” and can wrap up your meeting

Table 6.1. Summary of the most cited positive and negative effect of Hubs technology

by discussing and setting future agenda points.
A considerable number of benefits mentioned did not specifically address the Hubs but
were related to the practice of walking meetings. People stated that it could promote health,
creativity, camaraderie, social interaction, keep people engaged and stimulate out-of-thebox thinking. The fact that the Hubs could facilitate note taking, presenting and looking
up information, made walking meetings more accessible according to the majority of the
respondents.
However, several people questioned why they would not use their phone or tablet to do
these tasks. This held particularly true for individual walking meetings. In addition, some

Potential positive effect

Potential negative effect

Structuring the meetings

Con�licting with the perceived “low-tech” and
unique nature of walking meetings

Being landmarks or markers in space and
time

Not being supportive when needed

Practical purpose of note taking and
presenting

The infrastructure costs might be too high
for the added value (as compared to mobile
technologies)

Making walking meetings more accessible

people felt that the Hub conflicted with the essence of walking meetings, often being ‘low
tech’ and triggering mind wandering and divergent thinking. Several other drawbacks
were mentioned. While lack of recording and note-taking opportunities is a commonly
documented barriers to walking meetings [17], which was confirmed through our survey,
some people felt that the Hubs provided “too much infrastructure for too little value”. In
addition, one participant expressed that the Hubs would probably never be there at the
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ENVISIONED USE
The likelihood to go for a walking meeting using a Hub network varied among respondents

regular team meetings (n=31), problem solving (n= 30), decision making (n=14), and oneon-one meeting (n=12). ‘Training sessions’ and ‘Presentation meetings’ were not chosen by
respondents.

and depended on the meeting size (aka. number of team members involved) and the level
of experience with walking meetings. A walking meeting in a small group (2-4 persons) was
most likely to occur (M = 3.84, SD = .91). The individual walking meeting scored between
“neutral” and “likely” (M = 3.27,SD = 1.38), whereas the likelihood of people going for a
walking meeting in a larger group (over 5 people) was overall considered unlikely (M = 1.85,
SD = 0.92).
80%

Small group

70%

Larger group

60%

By myself

50%
Likehood (%)

6.3

Table 6.2. Activities clustered around possible Hubs features
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Figure 6.8. Likelihood of going for a walking meeting, based on meeting type and group size

Consecutively, we asked respondents which types of meetings they would most likely have
while walking, dependent on the group size. As shown in Figure 6.8, information sharing
and brainstorming sessions were considered the most likely types of meetings to do while
walking, in both small and larger groups. The likelihood of individual walking meetings
was highest for problem solving and brainstorming meetings. Presentations and training
sessions were overall least likely to be done while walking.
To explore the use scenarios, we presented the respondents with an incomplete storyboard to
complete. First, they picked their preferred group composition, and preferred meeting type.
Twenty participants selected a walking meeting by themselves, five choose the large group
meeting, and a vast majority (n=161) picked the small group composition. A brainstorming
meeting was the most popular choice (n=55), followed by information sharing (n=42),
182
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Clusters

Activities

Note taking

Take notes, check notes, document ideas, start audio recording,
setting meeting objectives/agenda, write down action points,
recap, evaluate/summarize outcomes, make decisions, scope
problem

Presenting

Discuss case/ideas, present meeting objectives/agenda, present
work, logistics (time management, route setting / checking),
explain Hub, give update

Web browsing

Check info

Sketching

Sketch

Video calling

(not mentioned within the scenarios)

Access to personal �iles

Log in, check meeting agenda, emails, log out

Brainstorming tools &
printing

Show artefacts, brainstorming techniques, automated
inspirations

Access to e-mail and
calendar

Send or share results, rephrase ideas

A thematic analysis resulted in 29 distinct activities that respondents would undertake at
the Hubs. These activities were clustered into nine overarching categories, based on the
subdivision of possible features of the Hub (Table 6.2). The clusters link to the technological
modalities that might be needed to carry out the tasks. For instance, “writing down action
points” will probably need similar note taking modalities as “setting meeting objectives”,
whereas “sharing meeting results” would require different features like emailing or
uploading to a shared folder.
Based on the different scenarios imagined by the respondents, we created a walking
meeting user journey (Figure 6.9). This journey presents the most commonly cited meeting
activities for each meeting type. Documenting users’ goals and needs aim at supporting the
development of future walking meeting technologies, which might not necessarily build
upon the concept of Hubs stations along a walking meeting path.
183

activities in all meeting type scenarios. Video calling, on the other hand, was not mentioned
at all in the stories of the participants (which confirms the results found in section 4.2).
Notable differences between the envisioned activities can be found between the different
types of meetings, but also between the first, intermediate and final Hub. For instance,
presenting was mostly done at the first and second Hub, whereas access to personal email

Note taking

Note taking
Access to personal email & calendar

Note taking
Access to personal email & calendar

Note taking
Access to personal email & calendar

Brainstorming tools
& Printing
Access to personal email & calendar
Note taking

3

In this typical walking meeting journey, note-taking and presenting were the most frequent

and calendar was solely mentioned at the final Hub in order to schedule a follow-up meeting
or to send notes. Web browsing and access to personal files were mentioned in all meeting
information sharing and presenting meeting type category, and particularly relevant at the

Table 6.3. Illustrative scenario sketch of three meeting types, featuring the most common

Note taking
Access to personal �iles
Web browsing

“Make a beginning of a mind map or other

“Draw out and discuss ideas, further make

brainstorm tool, de�ine the space we need a mind map or another brainstorming tool.”
actions
at toeach
stage of the meeting journey
brainstorm about.”

1

FIGURE 6.9. WALKING MEETING JOURNEYS REPRESENTING SIX TYPES OF MEETINGS, RANKED FROM

“Share some already prepared points to be
discussed during the meeting with the
Brainstorming
other participants”

“As a starting point, I would
use the Hub to sketch a
mind-map or use other
brainstorming tools to de�ine
the scope of the problem.”

2

“Input interesting important information
which came up during the walk.”

3

“I do the same as at the intermediate hub.
Check if all the points were discussed.
Schedule another meeting if necessary.”

“After ideating between the two
Hubs, I would stop a the second
point as a milestone to discuss the
ideas and draw them out”

“At the last one, I would
use tools to visualize all
ideas we gathered along
the way and select the most
promising ones”

“Intermediate Hubs can be useful
to input relevant information
that came up during the walk so
that we don’t forget it.”

“I would do the same at
the last Hub. In addition,
I would check if all the
agenda points were
discussed and schedule
a follow-up meeting if
necessary”

“After a few minutes of walking,
the next Hub can be the place to
structure the initial discussions,
like a formal moment within the
less formal walking time”

“We would open our shared
folders again, talk about
what has ot be done and
who will be responsible for
those action points”

Information Sharing
“I would use the �irst Hub to
share some prepared points
to be discussed during the
meeting. So the agenda points,
as well as the documents
we need to consult before
starting”

General team meeting
“The team should open our
shared �iles/calendar to
check the agenda points, and
decide on which ones will be
discussed while walking”

THE MOST COMMONLY CHOSEN TO THE LEAST COMMONLY CHOSEN IN THE SURVEY.
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“Choose an idea from the ones we've gathered along the way.”

Information sharing

Legend: Italic = less common, Regular = common, Bold = most common

Presenting
Web browsing

One-on-one (12)

Note taking

Decision making (14)

Problem solving (30)

Presenting
Access to personal �iles

Note taking
Presenting
Web browsing
Note taking
Presenting

Web browsing
Note taking
Sketching
Presenting
Access to personal �iles
Presenting

Regular team meeting
(31)

Note taking
Presenting
Access to personal �iles
Web browsing

Information sharing
& presentation (43)

1

Brainstorming (55)

Note taking
Presenting
Web browsing

beginning of a meeting.

Note taking
Presenting
Brainstorming tools
& Printing

2

Note taking
Brainstorming tools
Sketching
& Printing
Presenting
Web browsing

types and at all stages of the meeting. Access to personal files was most prominent in the
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Not surprisingly, sketching was mostly mentioned as an activity during brainstorming
meetings, as well as brainstorming tools and printing. Brainstorming tools were not
mentioned for regular team meetings, one-on-one meetings and information sharing and
presenting meetings. Table 6.3 displays illustrations of the top three scenarios, inspired by
representative participants’ quotes about the actions they would typically perform at each

6.3

stage of their walking meeting.
These typical scenarios feature mostly common work task and corresponding features and
are useful to define minimal viable walking meeting products and services. In addition, we

6.3.5 DISCUSSION

also looked at unique or inspiring responses. Original or unique insights (mentioned by only
a few participants) can be used as design inspiration for future research and development of

GENERAL DISCUSSION

innovative tools and technologies [38,40]. They may open up new perspectives for novel, but
also current technologies, that could be used to facilitate physically active ways of working.

The present study set out to provide insights into how technological solutions can support

Participants for instance mentioned creativity tools to be used while walking to the next

the practice of walking meetings. We conducted an online survey to identify scenarios of

Hub, for instance an inspiring ideation prompt (e.g., from the Oblique Strategies technique

use of the Hub, a network of stand-up meetings stations. The Hub concept was not the

by Brian Eno) that would be printed out on a receipt using a thermoprinter. This would

main object of interest per se but was used as a virtual research artefact intended to trigger

provide a pleasant, surprising effect and trigger curiosity. A second idea was that the Hubs

reflection in office workers about their needs to conduct walking meeting in an efficient

could present different activities to help structure a meeting, such as selecting a brainstorm

and pleasant way. The use of the Hub as a design exemplar supporting respondents in

technique at the first Hub, sorting out ideas at the second Hub and elaborating on it to sketch

envisioning use scenarios was intended at investigating perceived benefits and limitations

it at the third Hub. A related idea was that the Hubs would generate automated meeting

of stationary artefacts located in the physical work environment. The insights we collected

minutes and action points, based on audio recordings.

can be confronted to previous work, which is scarce and mostly focused on mobile-mediated

Suggestions were also provided regarding logistics. The Hubs could give direction on the
route and could adjust the route based on the intended meeting duration or the style/tone of

technologies (e.g., smartphone apps). Our contribution thus brings a novel perspective on
walking meeting technologies.

the meeting. Imagine an ‘inspiring route’ that could be designed around artistic installations

Our results show that the envisioned scenarios of use and necessary features of the hubs

or charming points of interest, whereas a decision-making route’ would make use of natural

vary depending on the type of meeting, the number of participants as well as the temporal

landmarks (e.g., a tree alley or crossroads) in order to structure the meeting and push for

stage within the meeting itself. The most common meeting type chosen for the user scenario

decision moments. Technology could also be used to advise you to take either an indoor or

was a brainstorm with two to four attendees, which is aligned with previous research on

outdoor walking meeting, depending on the weather, perhaps even displaying the weather

walking meeting practices [17]. This scenario deviated the most from the other meeting type

forecast as a prompt (e.g., “It won’t be raining within the next two hours, it is an ideal weather

scenarios in terms of envisioned use. Not surprisingly, brainstorming tools and sketching

for a walking meeting”). Finally, more futuristic visions included the possibility to interact

features were more prominent in brainstorming meetings. Presenting features, on the other

with a remote teammate via holographic projection.

hand, were emphasized in all user scenarios and mainly considered useful at the start of a
meeting. This does not present any major technological challenge, except for the need for
robust outdoor screens which are already well spread in the public space for information
or advertisement purposes. An original idea would consist of repurposing public screens
currently used for interactive advertisement (e.g., on bus stations) or smart city information
displays in order to make them punctually available to office workers.
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IMPLICATIONS FOR DESIGN

In terms of desired features, we see a link between the rating of features’ importance and
the envisioned activities at the Hubs. Note taking, for instance, was considered the most
important feature, and was also the most mentioned activity in the scenarios. Printing notes
or documents and video calling were perceived as least important features and were not
often mentioned in the user scenarios. At the end of the meeting, access to personal files,

6.3

agenda and e-mails were considered key features. These insights could be used to rethink
our office environment and how we adapt different areas at and around our workplace to
different temporal stages of a meeting. One could for instance envision starting a meeting
indoors in a meeting room to show and discuss the agenda, before going outside for the

As a synthesis of our findings, our walking meeting journey (Figure 6.9) presents typical
scenarios. These tend to be aligned with current meeting practices, featuring a selection
of common work tasks and corresponding features (e.g., presenting, note-taking and
scheduling). While not surprising, these synthetic findings can be useful to define minimal
viable products and services supporting walking meetings, relying on the most relevant
features only. Similarly, quantitative findings about the preferred meeting type and number
of coworkers involved provide designers with a precise scope to focus on.

second part of the meeting. This part could be more creative or social, which relates well to

While the overall perceived need for features in our survey was close to the tools used during

the beneficial effects of walking.

regular meetings, we believe that walking meeting technology should not be a copy-paste

While walking meetings are often perceived as less structured and more open than regular
meetings [17], a common opinion shared by the respondents was that Hubs could have a
beneficial effect on the meeting structure. Several ideas mentioned in the scenario revolved
around the fact of using the Hubs as structuring devices, supporting a sequence of activities
and tasks. Of the few existing studies on walking meetings, Ahtinen et al. [3] report findings
from mobile-mediated concepts, which might be considered as the ideal medium - mobile,
multifunctional and private - to support walking. While mobile technologies in general might
be used to address challenges related to walking meetings, shared interactive products
or urban furniture placed in the physical environment present alternative opportunities
which are relevant to investigate. They might for instance contribute to overcome known
barriers of walking meetings, by providing visible support and giving walking meetings a

of regular meeting tools. Walking meetings have distinct characteristics, which should be
considered to strive for positive, and perhaps innovative, meeting experiences. As reported
by Damen et al. [17], walking meetings offer different social dynamics and set-up of meetings.
This invites the design field to rethink what is needed to facilitate walking meetings, both in
adapting current technologies (e.g., speech-to-text), as well as in inventing new interactive
products or services specifically designed for this practice. Some of the original user insights
uncovered through our survey can provide inspiration for more disruptive technology use.
One can also approach the challenge from a ‘technological push’ perspective, by considering
how current and new technologies developed in other application areas could be applied
to walking meeting practices. The Gartner Hype Cycle for the digital workplace1 might for
instance be a starting point.

more official status. As an ecosystem of devices clearly visible in the work environment,

Interestingly, the impact of the Covid19 pandemics on workers triggered reflections and

technologies similar to the Hubs can constitute an ‘official’ sign that walking meetings is

questioned the status quo and ways of working in general. In terms of walking meetings, not

an accepted way of work in a company. More than the Workwalk by Damen et al. [13,17]

only can designers think of synchronous face-to-face (or rather side-by-side) meeting types,

presented as a dotted path, physical artefacts can support the communication of a modern

but also on how to support walking meetings with geographically distributed participants.

organizational cultural and the social acceptance of the practice. This official character is

Gamified processes could be implemented in order to trigger new dynamics, for instance

emphasized by the physical presence of the devices inside the company’s building or outdoor

by “forcing” participants to walk a certain distance in order to submit ideas in an online

in the vicinity, sponsored by the company or the municipalities. This is in line with one of

remote brainstorm (one idea every 500 meter). GPS technology could be used there in a

the design implications of Ahtinen [3] to design an “official tool” to increase acceptance of

similar fashion as the app DeepTimeWalk, a narrative experience which requires the users

walking meeting practice.

to walk to listen to the story. As mentioned earlier, it might also be interesting for policy
makers to look at ways of repurposing the public space to support innovative and healthier
working practices. Could urban parks become places where office workers meet, supported
by walking meeting technologies?
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Despite the benefits on the practical and social side, one can argue that the downside of

In line with previous work done by industrial designers, we first aim at conducting design-

technologies for walking meetings such as the Hubs is to remove part of the freedom that

through-research studies on artefacts making use of the physical space to support walking

characterizes walking meetings. The “freedom from computer” is highlighted by Ahtinen

meetings, and to nudge office workers to adopt this practice. Our focus will be on the role

et al. [2] who argue that “without the usual office tools, one gets more space for thinking

of these modular artefacts, their influence on the meeting flow, and the optimization of the

and concentration to the actual topic”. Although technology has the paradoxical effect of

location/number of artefacts in a workplace environment. From a UI perspective, many

being both confining and liberating at the same time, we believe this work can spark new

elements are still to be researched. We are also conducting design explorations on interactive

research and development to the under researched field of HCI for active ways of working.

walking routes, to indicate the position and availability of walking meeting devices or to

Beyond developing more interactive products and services around this practice, a challenge

suggest personalized paths depending on the meeting type.

to be addressed by the HCI community will be to find the right balance between the level of
support provided by technology and the nature of walking meetings.

6.3.6 CONCLUSION

LIMITATIONS

In this paper, we provide insights into walking meeting scenarios that can serve as input

Our work entails several limitations. First, the example chosen and the method in general

number of participants in order to understand users’ perceptions and needs with regards

might have influenced some of the results of the study, for instance by suggesting a 3-steps

to walking meetings. Through a scenario-based online survey (N=186), we explored the

meeting structure or using a set of specific scenarios. Our sample is mostly composed of

most relevant use cases for the design of “walking meeting Hubs”, stand-up meeting stations

respondents who have little (or no) experience with walking meetings. Their perceptions

that accommodate different tasks during walking meetings. We purposively used the Hubs

are thus rather based on envisioned practices and might differ from the ones of more

as a design exemplar of a tangible technology situated in a physical work environment,

experienced participants. Although many generic findings align with previous work [17],

to investigate this under-research area (previous work in HCI focusing mostly on mobile-

some user needs are only uncovered in-situ, and further research is thus needed in the field.

mediated concepts). The insights collected and subsequent discussion points can be used by

One can also question the soundness of an online survey, as compared to field tests using
actual devices. However, pilot tests of the hubs, briefly described in the late-breaking work
paper by Damen et al. [17] hinted at many variables hard to research experimentally and

for new technologies to facilitate physically active ways of work. We sampled a large

design researchers and practitioners to rethink the office environment and related working
practices, in order to combine productivity and wellbeing at work. We encourage the HCI
community to unite around this timely and societally relevant topic.

had a different purpose. The survey allowed respondents to imagine how a technology such
as the hubs would suit their needs and made it possible to collect insights on a large and
diverse sample of office workers. The insights derived from the hubs as a design exemplar
in our survey point towards a broader application and contribute to inform the design of
technologies to support walking meetings.

FUTURE WORK
Future work includes semi-experiments with office workers to study the experience of
walking meeting technologies in-situ. We are particularly interested in investigating the
benefits of combining mobile and stationary technologies, and even the ones of including
low-tech approaches (e.g., walking meeting routes using traditional signage).
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DIFFERENT ROLES OF DESIGN
RESEARCH

I

n previous chapters, we have explored the field of interaction

design to make, evaluate and discuss possible solutions to reduce
physical inactivity in office workers. We developed, and pilot-tested
several designs that can accommodate active ways of working. Notably,
we focused on supportive tools for walking meetings. Next, we look
forward to the future roles of interaction design in facilitating active
ways of working. This chapter includes one case study and one pictorial
that exemplify how design can engage people in the societal debate on
physical inactivity. By means of these provocative designs, Ivy and The
Office Jungle, we exemplify how design research can engage people in
the societal debate on physical inactivity in the office environment. We
aim to challenge or complement the current trend of digitalization and
quantification of health interventions and tools. Moreover, we showcase
the benefits of bodily experimentation in unusual directions in a design
research process.
The case study describes Ivy, an office chair that represents sitting time of
an office worker through growing ivy strands. We present the design and
a critical reading of Ivy as to counter the current trend of digitalization
and quantification of health interventions and tools. Our reading of Ivy
emphasized that its criticality emerges mainly from data physicalization
as a new form of interactivity intended to trigger reflectiveness.
The second part of this chapter consists of a pictorial, a research article
illustrated by pictures. It presents the design explorations and bodily
experimentations culminating in The Office Jungle. The Office Jungle
is a critical and speculative redesign of the office environment that
encourages physical activity by embracing wildness. With this pictorial,
we aim to spark discussion amongst designers to think in new ways and
to consider new opportunities to design for workplaces that integrate
physical activity with work.
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IVY: READING A CRITICAL
DESIGN FOR SEDENTARY
BEHAVIOR IN THE OFFICE
CONTEXT
7
7.2

7.1 PROVOCATIVE DESIGN RESEARCH
This chapter includes one case study and one pictorial that exemplify how design can engage
people in the societal debate on physical inactivity. The case study describes Ivy, an office
chair that represents sitting time of an office worker through growing ivy strands. We present
the design and a critical reading of Ivy as to counter the current trend of digitalization and
quantification of health interventions and tools. Our reading of Ivy emphasized that its
criticality emerges mainly from data physicalization as a new form of interactivity intended
to trigger reflectiveness.
The second part of this chapter consists of a pictorial, a research article illustrated by pictures.
It presents the design explorations and bodily experimentations culminating in The Office
Jungle. The Office Jungle is a critical and speculative redesign of the office environment that
encourages physical activity by embracing wildness. The Office Jungle is a design exemplar
of a “wild” office space presented as a suspended geodesic structure. It is built to experience
how our office environment and our behavior at work affect each other. We advocate that
bringing wildness into office spaces will create more durable office environments that foster
movement. Moreover, with this pictorial, we aim to spark discussion amongst designers to
think in new ways and to consider new opportunities to design for workplaces that integrate
physical activity with work.

This subchapter is a reproduction of the paper published as:
Ida Damen, Daphne Menheere, Carine Lallemand, and Steven Vos. 2020.
Ivy: Reading a Critical Design for Sedentary Behavior in the Office Context.
In Companion Publication of the 2020 ACM Designing Interactive Systems
Conference (DIS’ 20 Companion). Association for Computing Machinery,
New York, NY, USA, 7–12. DOI:https://doi.org/10.1145/3393914.3395893
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FIGURE 7.1. PRODUCTIVITY CHAIR RETRIEVED FROM HEMMERT ET AL. [8].

7.2

7.2.1 INTRODUCTION
Our increasing sedentary lifestyles are a growing health risk [15], with physical inactivity
being the fourth leading cause of death worldwide [11]. A large part of our sedentary behavior
takes place during office hours [4], making the office an important environment to target
sitting behavior. To combat the negative health effects of prolonged sitting at work, a myriad
of digital tools to reduce sedentary behavior (SB) have been developed over recent years
[5, 9]. Prime examples of such technologies are health applications and wearables. There
is, however, a relative dearth of critical designs in this context. Critical design is a “form of

FIGURE 7.2. THE END OF SITTING [17].

research aimed at leveraging designs to make consumers more critical about their everyday
lives, and in particular how their lives are mediated by assumptions, values, ideologies,
and behavioral norms inscribed in designs” [1, p3297]. One notable example is the shapechanging ‘Productivity Chair’ that uses computationally controlled discomfort when a user
is not productive (Figure 7.1) [8]. This design criticizes the trend of workplace surveillance
for productivity maximization. A second notable design is ‘the End of Sitting’ installation
[17], a work environment without chairs and desks that questions the conventional limits of
working environments (Figure 7.2).

7.2.2 DESIGN OF IVY
Ivy is built as a working prototype that aims to increase awareness of SB by representing
sitting behavior through a growing ivy plant on the office chair [16]. Ivy will start to grow
after sitting for 30 minutes, and the longer the user sits, the more ivy strands will grow on
the handrails and legs of the chair (Figure 7.3). Ivy will continue to grow and will ultimately
immobilize the chair after two hours of prolonged sitting. This paper contributes towards

Critical design can challenge existing views by sparking discussions on current lifestyles and

a critical perspective on designing for SB interventions and spark discussion amongst

practices [1]. As Malpass argues, the interrogative, discursive and experimental approaches,

designers and researchers in the field of Human-Computer Interaction (HCI).

often adopted in critical designs, can challenge the status quo [14]. To make critical design
more accessible to the broader design and HCI community, Bardzell et al. propose to support
our “ability to “read” (i.e. critically interpret) critical designs that is, to construct and critique
design arguments about critical designs.” [2, p1951]. In the present work, we present Ivy, an
interactive artefact transgressing existing discourses in SB interventions for the workplace.
Through a structured “reading” of Ivy, we aim at supporting reasoned conversations about
arguments for criticality in design.
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7.2.3 READING IVY AS A CRITICAL
DESIGN
THE 3-STEPS APPROACH OF BARDZELL ET AL.

7.2

By discussing Ivy as a critical design, we highlight relevant design qualities and critically
interpret these qualities in relation to the set of norms and conventions we see in the domain
of SB office interventions. To guide this process, we use the 3-steps approach of Bardzell et
al. [2]. The unit of analysis of Ivy (step 1) is a finished working prototype. In subsequent
steps, we situate Ivy in relation to conventions and norms of SB office interventions and
discuss the critical aspects of Ivy. We use the matrix of common argument types [2] to
map our arguments and visualize how we read Ivy as a critical design. This tool supports
the understanding of design arguments as well as guides design choices in critical design
processes [2]. In the matrix (Table 7.1), the rows represent six interaction dimensions,
namely topic, purpose, functionality, interactivity, form and materiality (Figure 7.4). The
columns represent four dimensions of criticality: changing perspectives, proposal for
change, enhancing appreciation and reflectiveness (Figure 7.5). By combining an interaction
dimension with a dimension of criticality, a specific type of argumentation can be sought and
formulated. We discuss seven arguments, of which the labels are represented in the matrix
(Table 7.1).

AN UNUSUAL ORDINARINESS
(FORM-REFLECTIVENESS, FUNCTIONALITY-REFLECTIVENESS)
The design form of a chair, an object that serves a function for sitting, does not inherently
embody a proposal for an alternative way of being. It however uses an ordinary element
with unusual features in order to reconfigure traditional meaning of furniture in our context.
Previous examples of critical design adopting that perspective can be found in [6, 7]. Using
a chair is a conscious choice made to question and reflect on how our office environment
shapes our behavior (Fu, R). Linking the form of the intervention to the targeted behavior
may deepen the reflectiveness, understanding underlaying values of the design (Fo, R) [13].
An opposite perspective is represented in ‘the End of Sitting’ project which entails a radical
proposal for change by removing chairs and desks entirely from their new workspace
FIGURE 7.3. IVY CHAIR WITH GROWING IVY STRANDS WHEN SITTING TOO LONG.
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universe [17].
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TABLE 7.1.THE READING OF IVY AS A CRITICAL DESIGN [2], SHOWING THE ARGUMENTS WE

Changing perspectives: The design presents a framing or point of view that is

DISCUSS AND REFLECT ON.

new, coherent, and interesting enough to help the user perceive the particulars of

Changing
Proposals for Enhancing
Perspectives
Change
Appreciation

a domain according to a new schema.
Proposals for change: The design embodies a provocative proposal for an
alternative way of being, the proposal is grounded in possibility, cannot be easily

7.2

dismissed as “science fiction,” and the user can imagine her or himself in its

Re�lectiveness

Topic
Purpose

Enhancing appreciation: The design contributes to the user’s appreciation of or

Functionality
Interactivity

judgment on design’s role in a sociocultural issue of significance, by making the

Form

Fo, R

user more perceptive, imaginative, or aware of the complexity of a domain.

Materiality

M, R

universe.

Fu, R
I, C

I, P

I, E

I, R

Reflectiveness: (i) The sense of encouraging user reflectiveness, that is,
facilitating the user’s shift from direct perception and action to a more reflective or
self-aware stance. (ii) The design itself embodying reflectiveness, by revealing or
foregrounding the tropes by which it distinguishes itself from design conventions
as the rhetorical devices that they are.

PHYSICALIZATION OF DATA
(INTERACTIVITY-CHANGING PERSPECTIVES/ENHANCING
APPRECIATION/PROPOSALS FOR CHANGE + FORMREFLECTIVENESS)

FIGURE 7.4. EXPLANATIONS COLUMNS [2].

With Ivy we make use of data physicalization, a physical representation of data to help people

Topic: The human domain in which the design serves, intervenes, participates,
etc.

explore, understand and communicate data [10]. Ivy adopts a qualitative perspective to
represent sitting behavior by using growing ivy strands, thereby making a direct connection
between the measured input and the physicalized output. With this approach, Ivy counters

Purpose: Central purpose of the design qua design, that is, its rationality

the current trend of digitalization and the quantified-self movement [3], thereby embodying

considered as a whole.

a change in perspective (I, C). By making data physical, Ivy can deepen the self-awareness

Functionality: Discrete capabilities or things that the design can do or can enable
its user to do.

of the negative consequence of prolonged sedentary behavior and support sense-making
(Fo, R). This approach contrasts the quantitative perspective that is often adopted by SB
interventions where sitting behavior is represented through graphs and numbers (e.g., the

Interactivity: Mainly as input/output with a human.
Form: All the ways a design could have been formed, structured, styled, and/or
made available to human awareness

amount of sitting time on a smartwatch). It does constitute for designers a proposal for
change (I, P) in the way they work with data and design feedback mechanisms. Furthermore,
we argue that Ivy provides a more imaginative and perceptive approach in the representation
of feedback on sitting behavior by the slow pace of the growing ivy. With this slow pace, Ivy

Materiality: The physical materials out of which the design is made, including

may trigger enhanced appreciation of the feedback given to the user (I, E). This as opposed

what makes it available to human perception and consciousness, the qualities of

to instant feedback that is used in prompting software.

that perception, how it is physically interacted with, etc.
FIGURE 7.5. EXPLANATIONS ROWS [2].
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PARADOX IN AESTHETICS
(FORM-REFLECTIVENESS)
There is a paradox present when sitting on Ivy for a prolonged period. Since the chair tends
to become, arguably, more aesthetically pleasing when Ivy grows (Fo, R), ‘bad behavior’ is

7.2

somehow rewarded by the design. Previous approaches such as the ‘Productivity Chair’ [8]
focus mainly on negative emotions to question an undesirable behavior. The use of mixed
emotions in our artefact, through the beautiful exposure of one’s idleness, is in line with the
project ‘Pleasurable Troublemakers’ which points out ‘bad behavior’ through aesthetically
pleasing features, intended to create situated friction [12]. This seemingly contradictory

7.2.4 DISCUSSION AND CONCLUSION

design choice creates a poetic awareness that is not limited to the individual user. The

This study set out to present and discuss a critical design to reduce sedentary behavior

growing aesthetical features can trigger social engagement from colleagues, due to its

in office environments. With Ivy, an office chair that represents the total amount of

increasing visibility.

sedentary time through growing ivy strands, we challenge current approaches adopted by
SB intervention for the office environment. Using the Matrix of Common Argument Types

METAPHORS AS A MEANS FOR REFLECTION

by Bardzell et al. [2], we discussed the criticality of Ivy to challenge the status quo of SB
interventions. Our reading of Ivy emphasized that its criticality emerges mainly from data

(MATERIALITY-REFLECTIVENESS, INTERACTIVITY-

physicalization as a new form of interactivity intended to trigger reflectiveness. Through an

REFLECTIVENESS)

intentional paradox in the aesthetic qualities of the design and the use of metaphors, Ivy

We used several metaphors in Ivy to stimulate reflection on the targeted behavior. First, in

aims to enhance poetic awareness, social engagement and more reflective interactions.

the materiality by choosing ivy, a plant that will only grow on something when it is at the

As stressed by Bardzell et al. [2], the point of the matrix is not to “check as many boxes as

same spot for a long time (M, R). Ivy makes use of this metaphor to link the feedback given

possible” to justify the criticality of a design but to support reasoned debates within the

by the design to the prolonged sitting behavior of the user. Second, the user will eventually

community regardless of the level of expertise with critical design. We envision now to

be rooted to the chair and thus restricted in one’s movement. Through this restriction,

use the arguments to open a worthwhile debate with fellow designers tackling the issue of

we intend to trigger reflectiveness on the user’s current sedentary behavior by hinting at

sedentary behavior at work. Reasoning about critical design using this structured approach

becoming stiff after a prolonged period of sedentary behavior (I, R). Third, as ivy plants also

can also support the design of empirical studies. Our next steps include confronting office

have a poisonous type, Ivy hints to the negative health effects of prolonged sitting (M, R).

workers with Ivy in order to investigate how they make sense, and eventually rethink the

The use of poisonous Ivy therefore alludes to one of the most ‘poisonous’ behaviors of recent

social norms around workplaces. As a nascent form of design practice, critical design would

time, sitting [11].

also benefit from the development of more readings such as the one we present here, in
order to build a shared literacy within the community.

210

211

References
1.

Jeffrey Bardzell and Shaowen Bardzell. 2013. What
is “critical” about critical design? In Proceedings
of the SIGCHI Conference on Human Factors in
Computing Systems - CHI ’13, 3297. https://doi.
org/10.1145/2470654.2466451

2.

Jeffrey Bardzell, Shaowen Bardzell, and Erik Stolterman.
2014. Reading critical designs. In Proceedings of the
32nd annual ACM conference on Human factors in
computing systems - CHI ’14, 1951–1960. https://doi.
org/10.1145/2556288.2557137

7.2
3.

4.

5.

6.

7.

8.

IEun Kyoung Choe, Nicole B. Lee, Bongshin Lee,
Wanda Pratt, and Julie A. Kientz. 2014. Understanding
quantified-selfers’ practices in collecting and
exploring personal data. Proceedings of the 32nd
annual ACM conference on Human factors in
computing systems - CHI ’14: 1143–1152. https://doi.
org/10.1145/2556288.2557372
Stacy Clemes, Sophie O’connell, and Charlotte
Edwardson. 2014. Office workers’ objectively measured
sedentary behavior and physical activity during and
outside working hours. Journal of Occupational and
Environmental Medicine 56, 3: 298–303.
Ida Damen, Hans Brombacher, Carine Lallemand, et
al. 2020. A Scoping Review of Digital Tools to Reduce
Sedentary Behavior or Increase Physical Activity
in Knowledge Workers. International journal of
environmental research and public health 17, 2.
Gabriele Ferri, Jeffrey Bardzell, Shaowen Bardzell,
and Stephanie Louraine. 2014. Analyzing critical
designs: Categories, distinctions, and canons of
exemplars. In Proceedings of the Conference on
Designing Interactive Systems: Processes, Practices,
Methods, and Techniques, DIS, 355–364. https://doi.
org/10.1145/2598510.2598588
William W. Gaver, Albrecht Schmidt, John Bowers,
Anthony Steed, Andrew Boucher, Nicholas Villars, Hans
Gellerson, Brendan Walker, and Sarah Pennington.
2004. The Drift Table: Designing for ludic engagement.
In Conference on Human Factors in Computing
Systems - Proceedings, 885–900. https://doi.
org/10.1145/985921.985947
Fabian Hemmert, Piet Becker, Alexander Görts, David
Hrlic, David von Netzer, and Christopher J Weld.
2019. aicracy: Everyday Objects from a Future Society
Governed by an Artificial Intelligence. In Proceedings of
Mensch und Computer 2019, 451–456.

212

9.

Yitong Huang, Steve Benford, and Holly Blake. 2019.
Digital Interventions to Reduce Sedentary Behaviors
of Office Workers: Scoping Review. Journal of Medical
Internet Research 21, 2: e11079.

10.

Yvonne Jansen, Pierre Dragicevic, Petra Isenberg,
Jason Alexander, Abhijit Karnik, Johan Kildal,
Sriram Subramanian, and Kasper Hornbæk. 2015.
Opportunities and Challenges for Data Physicalization.
Proceedings of the 33rd Annual ACM Conference on
Human Factors in Computing Systems, 3227–3236.

11.

Harold W. Kohl, Cora Lynn Craig, Estelle Victoria
Lambert, et al.. 2012. The pandemic of physical
inactivity: Global action for public health. The Lancet
380, 9838: 294–305. https://doi.org/10.1016/S01406736(12)60898-8

12.

Matthias Laschke, Sarah Diefenbach, and Marc
Hassenzahl. 2015. “Annoying, but in a nice way”: An
inquiry into the experience of frictional feedback.
International Journal of Design 9, 2: 129–140.

13.

Dan Lockton, Delanie Ricketts, Shruti Aditya
Chowdhury, and Chang Hee Lee. 2017. Exploring
Qualitative Displays and Interfaces. In CHI
Conference Extended Abstracts on Human Factors
in Computing Systems, 1844–1852. https://doi.
org/10.1145/3027063.3053165

14.

Matt Malpass. 2017. Critical design in context: History,
theory, and practices. Bloomsbury Publishing.

15.

Anne Martin, Claire Fitzsimons, Ruth Jepson, et al.
2015. Interventions with potential to reduce sedentary
time in adults: systematic review and meta-analysis.
British journal of sports medicine: 1–10

16.

Daphne Menheere, Ida Damen, Carine Lallemand, and
Steven Vos. 2020. Ivy: A Qualitative Interface to Reduce
Sedentary Behavior in the Office Context. In Companion
Publication of the 2020 ACM Designing Interactive
Systems Conference (DIS’ 20 Companion). Association
for Computing Machinery, New York, NY, USA, 329–332.
DOI:https://doi.org/10.1145/3393914.3395822

17.

Rob Withagen and Simone R. Caljouw. 2016. ‘The
End of Sitting’: An Empirical Study on Working in an
Office of the Future. Sports Medicine 46, 7: 1019–1027.
https://doi.org/10.1007/s40279-015-0448-y

7.2
7.2

213

THE OFFICE JUNGLE:
EXPLORING UNUSUAL WAYS
OF WORKING THROUGH
BODILY EXPERIMENTATIONS
7.3

7.3

This chapter is a reproduction of the paper published as:
Ida Damen, Ingmar Nieuweboer, Hans Brombacher, Pieter van Wesemael,
Steven Vos, and Carine Lallemand. 2021. The Office Jungle: Exploring
Unusual Ways of Working through Bodily Experimentations. In Companion

FIGURE 7.6.THE OFFICE JUNGLE.

Publication of the 2021 ACM Designing Interactive Systems Conference
(DIS’ 21 Companion). Association for Computing Machinery, New York, NY,
USA
For the full experience, go to: https://tinyurl.com/y3htfrc7

214

215

challenge the status quo [13]. Despite a growing body of design work to reduce sedentary
behavior in the office setting [4], there is a relative dearth of speculative and critical designs
in this context. Amongst the designs developed to make users critically reflect on their
sedentary work style, Tobiasson et al., developed the ‘Irritating chair’, whose sharp spikes rise
after a prolonged period of sitting [15]. In the same vein, the shape-changing ‘Productivity
Chair’ uses computationally controlled discomfort when a user is not productive [9]. With
this design, Hemmert et al. criticize the trend of workplace surveillance for productivity
maximization. A third example using the office chair as a stereotypical artefact embodying
a critique of the status quo is Ivy [6], an office chair that represents employees’ sitting

7.3.1 INTRODUCTION
Automatization of work tasks and processes have changed the way we work. Within office
settings, there is little need for physical activity or being outdoors. Our environment is created
for us to be as efficient and physically inactive as possible. Consequently, we harm our health
and wellbeing and are in desperate need to restore the health-work balance. To achieve this,
we need to create a more sustainable office environment that fosters movement instead
of sitting. To combat the negative health effects of prolonged sitting at work, a myriad of
technologies and digital tools to reduce sedentary behavior have been developed over recent

time through growing ivy strands, eventually yet aesthetically rooting them to their seats.
Other designers attempted to rethink the office environment in order to reduce sedentary
behaviour: PositionPeak [5] is a set of unconventional office meeting furniture triggering
position changes. It was inspired by another project that has raised discussion: ‘the End
of Sitting’ [2]. This workplace landscape composed of glacier-like series of boulders and
surfaces without any chairs and desks, allows for different work postures such as laying,
standing or leaning. In line with The Office Jungle, it extends and questions the conventional
limits of working environments and provides an alternative workplace that encourages a
more active and healthier lifestyle through upright working.

years [see the scoping reviews by 4,10]. However, the vast majority of these interventions

In this pictorial, we take the readers on a lively journey exploring unconventional ways of

approach physical activity as a break from work [4]. Therefore, physical activity in the office

working, from wearable to gymnastic-like bodystorming, to underwater trials and large-

environment is often perceived to be in competition with work productivity and efficiency.

scale prototype construction. Through this visual evocation of our design process, we

With this provocative pictorial, we present “The Office Jungle” as a critical and speculative
design to challenge the existing views on office work and office design (Figure 7.6 and 7.7).
We aim to spark discussion on current workstyles, work practices and the way we design
for this context. With our work, we call for a more holistic approach to facilitate physical
activity in the office environment. As argued by Levine, workplaces should be designed to

showcase the benefits of bodily experimentation in unusual directions. The end-result opens
discussions around the ability of office workspaces to offer more full body and dynamic
experiences. It also invites the HCI and design community to communicate openness to
consider alternative and imaginative perspectives on embodied and tangible interaction
[7,11].

promote physical activity instead of sitting as the default posture [12]. To promote physical
activity at the workplace, Probst et al. suggest a “paradigm shift in workplace design that
involves the smooth integration of hardware- and software-related structural elements
to provide opportunities for office workers to seamlessly change between different work
environments.” [14].
Looking at the office context from the lens of speculative or critical design might open up new
perspectives. Speculative design enables us to think about possible futures, and questions
current practices [1], tools, approaches and concepts. Similarly, Malpass explains how
interrogative, discursive and experimental approaches, often adopted in critical designs, can
216
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7.3.2 EXPLORING WILDNESS IN OFFICE
WORK
EXPLORATIONS THROUGH BODILY
EXPERIMENTATION
A first step in creating The Office Jungle, was generating experiences of alternative ways of
working through first-person explorations. These explorations were guided by the words
given to Merleau-Ponty “We know not through our intellect but through our experience”. The
experiments were partly run in parallel, to stimulate creativity and allow cross-fertilization.
Our embodied design experiments included exploration of various sitting position when
working on a laptop, a low-fi prototype of a laptop-arm-mount, bodystorming experiments,
and an underwater office experiment. Performing these explorations in public was also a
way to provoke and trigger debate on this timely topic.

EXPLORATION 1: DIFFERENT WAYS OF SITTING
WHILE WORKING ON A LAPTOP
In an early exploration, we explored dozens of ways of sitting while working on a laptop
(Figure 7.8). This aimed at representing and feeling that contrary to the standards imposed
by traditional office design, there is not only one way of sitting at work. Posture changes
were a first idea towards rethinking ways of working. While we could have speculated at
this stage on new technologies that would free workers from the constraints of laptops, we
decided to keep these. Holding it was however not always an easy task, as these devices also
have been designed based on the assumption of being laid on flat and stable surfaces. These
FIGURE 7.7. TESTING THE OFFICE JUNGLE.
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insights inspired our second exploration.
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EXPLORATION 2: LAPTOP-ARM-MOUNT
The laptop-arm-mount was developed to allow for more freedom of movement while working
on a laptop (Figure 7.9). Using duct tape, wooden sticks and straps, one of the authors attached
a laptop to his arms, creating a sort of mobile standing desk station. This experiment provided
insights in how add-ons could facilitate alternative use of a laptop and how walkability during
laptop use could improve. However, it also gave a negative feeling of restriction due to the arm
movement limitations.

7.3

FIGURE 7.9 EXPLORATION 2: THE LAPTOP_ARM_MOUNT.

7.3.2.4 EXPLORATION 3: HUMANIZED WORK
UNITS
In a bodystorming experiment (Figure 7.10), eight participants split in two sessions were
given the assignment to use their bodies as furniture and accommodate one person to work
on his/her laptop. Two of them were not allowed to touch the ground. Several positions
and group formations were tested. With groups of two, three and five people, multiple fully
FIGURE 7.8. EXPLORATION 1: DIFFERENT WAYS OF SITTING WHILE WORKING ON A LAPTOP.
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‘humanised work units’ were built. Participants had to think out-of-the-box to achieve the
goal by respecting the constraints.

221

They felt rather challenged and amused. For the person holding the laptop and attempting

The second session included an adapted, self-made water-proof keyboard for the underwater

to work (and the person who ended up assisting her by serving as a laptop stand), the main

office. The underwater office exploration allowed to think beyond conventional ways of

observation was how stimulating yet distracting a moving and unstable environment was

ordering space and ways of relating to it. Because water disarms the pull of gravity it can

to stay focused. By exploring how people could act as furniture, we were able to experience

relieve physical stress that can build-up after sitting for too long. Although this is beneficial,

different working postures, but above all got intrigued by how an organic and changing

it can also stimulate natural laziness by just floating around. Our explorations represented

environment challenges you to think about how much safety and rigor is actually needed to

several perspectives on rethinking ways of working. We evolved from simplistic explorations

work and think.

of different sitting postures in a traditional workspace, to interrogations about mobility and

7.3

constraints linked to computerized work. We eventually reached a more fundamental focus
on organic bodily experiences, shared or individual. This became the cornerstone of the next
iteration, which embodies the notion of ‘wildness’ in working practices.

FIGURE 7.10. EXPLORATION 3: HUMANIZED WORK UNITS

EXPLORATION 4: THE UNDERWATER OFFICE
The underwater office was a key experience in our speculative design process. In the
underwater office, one of the authors explored different work behaviors under water (Figure
7.11). Could working under water improve our physical health and well-being in the office?
It is a weird thought perhaps yet not completely unreasonable. There are two important
health benefits which made it worthwhile to consider during our explorations: (1) being
under water your body is almost floating, meaning there is no uneven stress on your body,
which you normally do have when sitting in a chair, (2) moving under water requires more
effort due to the increased resistance of water instead of air on the upright human body. In
a first session, the author watched a documentary, projected on the pool floor, while fully
submerged. This required a lot of physical efforts and constant movement to stay close to
the projection.

FIGURE 7. 11. EXPLORATION 4: THE UNDERWATER OFFICE.
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THE OFFICE JUNGLE AS A DESIGN EXEMPLAR
The Office Jungle functions as a design exemplar of a ‘wild’ office place, made to experience
the interaction between a ‘wild’ environment and our work behavior. The Office Jungle can
take many shapes and forms. A wild office environment rests upon three underlying values.
It should:
1) be a dynamic and changing environment that requires more cognitive effort compared to
a regular office space.

THE OFFICE JUNGLE
MATERIAL AND SHAPE EXPLORATION
Based on the insights gathered in our explorations, we carried out several material and
shape explorations. These explorations led to a first iteration of “The Office Jungle”. The

2) be an environment that invites physical activity and reacts to movement preferably in a
non-deterministic fashion.
3) focus on consistency and adaptation and allow for self-organization as an inherent part
of wildness.

Office Jungle is a proposition for a new ‘wild’ office environment. Instead of fixed static

Wildness is defined as “a quality of interactive processing between an organism and its

floors, walls and ceilings, we propose a new dynamic setting that encourages office workers

surroundings in which the realities of base natures are met, allowing the construction of

to change the way they move and move around in an office space.

durable systems” [3]. Wildness in the office could thus create a more durable environment

The first Office Jungle model started as a rhombicosidodecahedron made from PVC conduit
cut in 300mm pieces and cheap 340mm long tie-wraps. A consecutive iteration was a
truncated icosahedron made from PVC conduit cut in two lengths, 300mm and 330mm, and
extra-strong 370mm long tie-wraps. In its current form, The Office Jungle is shaped as a
suspended geodesic structure made of 270 wooden rods and shock cord.

FIRST TECHNOLOGY IMPLEMENTATION
The Office Jungle demonstrator is a stand-alone piece of furniture to evoke the wildness

as compared to our current practice. Wildness can be used in opposition to artificial [3]. In
the office context, more wildness is needed to counterbalance our “cultivated” and sedentary
work practices. Wildness produces a basis for consistency and adaptation, resulting in a
stable basis for interaction [3]. This being in contrasts to artificial systems that reject
wildness and stimulate rapid change [3]. By adopting wildness, the office environment may
find a new healthy equilibrium.
The design is adaptable enough to support various body types and has been pilot tested with
people from different age, body shapes and fitness level. Weight and body inclusivity are
important factors to consider fostering the adoption of wildness.

in the office. The vision would however involve an entire space. As people during the
design process kept misunderstanding the concept as a piece of furniture, we designed an
interactive scale-model (1:10) allowing to showcase the technical aspects.
An Arduino Uno was used with a motor shield to control the DC motors, which moved the
Office Jungle in the scale-model. For the input, a temperature/ humidity sensor (DHT11)
and light sensor (LDR) were implemented. The idea was that Office Jungle would respond
to the atmospheric factors of the environment and ‘move’ with the weather (not on a linear
basis though, as some unpredictability would benefit the vision) rather than being based on
direct user input.
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are therefore often not intended for implementation at a large scale and do not prioritize
feasibility and commercial purposes.
The Office Jungle has been exhibited at several venues (Figure 7.12), and the public invited
to interact with it. Dozens of people from all backgrounds tried it out and commented on it.
Some people were primarily curious about the level of comfort and the different (working)
postures the Office Jungle would support. Many children adopted a playful attitude seeing
it as a playground object. Finally, some visitors attempted to challenge their own fitness as
well as the robustness of the prototype by pushing the boundaries of bouncing, jumping,
and climbing.

7.3.4 DISCUSSION

The Office Jungle has sparked interest and curiosity, enthusiasm, embarrassment at times,

TECHNOLOGY IN THE WORKPLACE

and very often debate. At a moment where societal challenges caused by the Covid 19 crisis

Based on observations of users, and a first-person experience of living with the Office Jungle

on what we want the future of work to look like. What should be the new normal, and how

for three years, we can reflect on the way this installation shapes the use of technology.

will we stand against the standards when those slowly yet surely damage our health and

It is possible to use a laptop in the Jungle, yet it is not optimal and implies a more static

wellbeing?

are forcing millions of individuals to adapt to new ways of working, it might be time to reflect

position that would restrict movement. The mobility of the structure might naturally
discourage sedentary behaviors. Phones and tablets work better but do nevertheless limit
the availability of users’ hands, essential to move within the structure. The suitability of
current technologies overall depends on the use situations: some working tasks can already
be achieved (e.g. attending a conference, audio call, dictating text to a voice assistant). Still,
The Office Jungle might call for adapted technologies, which do not constraint mobility
as much as current computer mediated work. In this sense, The Office Jungle provides a
new landscape to think about novel ways of involving interactive systems in the working
environment, such as speech-recognition, wearable technology or even Brain-Computer
Interfaces.

CHALLENGING THE STATUS QUO
The Office Jungle suggests a new approach toward office work and office design, calling for
more wildness in the office environment to counterbalance our increasingly sedentary office
workstyle. As a critical design, The Office Jungle questions our increasing sedentary lives
by questioning and raising awareness of current work practices. The project is intended to
spark a conversation rather than a solution per se. As argued by Dunne and Raby [8], critical
design can provide ‘speculative design proposals’ that ‘challenge narrow assumptions,
preconceptions and givens about the role products play in everyday life’. Critical designs
226

FIGURE 7.12. THE OFFICE JUNGLE EXHIBITED AT THE DUTCH DESIGN WEEK.
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DISCUSSION

8.1 SUMMARY OF THE MAIN FINDINGS
“How can interaction design research contribute to stimulating physical activity in the office
environment?” is the central question of this dissertation.
By increasing our physical activity and reducing our sedentary behavior, we can prevent
and reduce non-communicable diseases such as type II diabetes, cardiovascular diseases,
and colon- and breast cancer [21,31,44]. If one could possibly design a 100% effective

8

intervention to reduce physically inactive behavior, we would, in theory, prevent just over
7% of all-cause and cardiovascular disease deaths globally [22]. This constitutes to over 5
million deaths a year worldwide [23]. The search for this holy grail of interventions that
would result in global adherence to physical activity guidelines might be an impossible
endeavor. It is, however, a great goal to work towards. The question is how we can contribute
to this objective.
Therefore, the focus of this dissertation is the role of interaction design in the office
environment to reduce physical inactivity. Not only can we find a considerable amount
of sitting in this context, but it is also prone to change. The way we work has changed
significantly over the years and interaction technology has played a major role. On the one
hand, technological advancements have improved several aspects of our work lives. We are
more flexible than ever in when, where, and how we work. On the other hand, the same
technology has restricted us more and more to our desks. Technologies, in that sense,
present the paradox of being both confining and liberating at the same time.
In this doctoral dissertation, we used a design research approach to gain insights into
interaction design strategies to reduce physical inactivity in office workers. We designed,
developed, and researched several design concepts that were studied in context. The
exploratory case studies, empirical evaluations and provocative explorations brought
valuable qualitative and quantitative insights into office workers’ behavior in relation to
these interactive artifacts and the underlying ways of activating office work they support.
Our design concepts are not designed as ‘the’ solution to reduce physically inactive behavior
in office workers. The partly or fully functional designs in this dissertation rather provide a
new way of thinking about interaction design interventions for healthy office work. They are
intended to convey and motivate new possible futures in healthy office work.
To stimulate knowledge transfer, we sought interdisciplinary collaborations from the
start of the design processes. This was, for instance, done through living lab approaches
and kick-starting design ideas in a hackathon setting. As described by Zimmerman [45],
234
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research-through-design makes it possible to address ‘wicked problems that cannot be
easily addressed through science and engineering methods’. This approach can motivate
new research and provide new interaction technology opportunities to designers, engineers
and researchers [45]. Moreover, it can increase the likelihood that knowledge is transferred

Research Question 2: How can we use existing office systems and infrastructures
to facilitate physical activity in office work?

into ‘the real world’. Our work aimed to reflect on the current state of interaction design
research to facilitate physical activity in the office environment and discuss possible future
directions of interaction design research in creating healthier office environments.

8

To address this second research question, we explored the design research field with three
exploratory studies. The first study consisted of the development and field evaluation of

Before we discuss the implications of this dissertation, we will briefly summarize the

Tweak, a health suggestion system that places small actionable suggestions in the calendar of

findings emerging from our four research questions and underlying studies.

an office worker (Chapter 3). This field study (N=21) showed how the calendar as an existing
office infrastructure can be used as a novel form of delivery for digital health promotion
interventions at work. The use of Tweak was perceived as convenient, evoked curiosity

Research question 1: What is the state of the art of technological tools and

and stimulated reflection on one’s calendar and work schedule. However, suggestions were

interventions to reduce sedentary behavior or increase physical activity in the

also overlooked. Furthermore, the findings suggested that the creation of adaptive, multi-

office environment?

component user health profiles can help deliver tailored suggestions that take contextual
and personal health factors into account. Balancing the components in these health profiles,
however, remains a challenge.

We reviewed the state-of-the-art technology interventions to reduce sedentary behavior
or increase physical activity in the office environment, published in the fields of humancomputer interaction, engineering, computer science, and digital health and life sciences
between 2009 and 2019 (Chapter 2). We analyzed 45 interventions on their characteristics,
objectives, theoretical underpinning, and behavior change techniques.

The second and third explorations were case studies focusing on the practice of having a
meeting (Chapter 4). Our case study PositionPeak was designed to facilitate posture change
during meetings. The study of this modular meeting environment has identified that
participants changed position about 3.7 times more often than in a conventional setting
while increasing the feeling of efficiency and the energy level. Participants changed postures

Our review’s two most common intervention strategies were rewarding “good” behavior

between objects but also frequently on the same object. Possible motivations for people to

and creating awareness of “bad” behavior. Other frequently used techniques included goal

change position were postural discomfort, seeing other participants move (thus emptying a

setting, persuasion, and creating social support. Moreover, most of the analyzed interventions

spot) or being interested in another object.

restrict physical activity to a break from work. Physical activity is rarely approached as a
way of working in the context of the office. Notwithstanding the importance of break-taking
behavior, we see a great opportunity in facilitating more active ways of working to create
healthier work conditions.

Our main case study WorkWalk describes the design of a concept to encourage and facilitate
office workers to have a walking meeting. The WorkWalk consists of three elements; 1)
a visible route marked by a physical line, 2) meeting and information signs and 3) the
integration within the room booking system of an organization. The focus of this case

In line with this, we saw that digital tools and interventions make limited use of existing

study was on the development of the concept, for which we merged a traditional health

office tools and infrastructure. This finding provides insights for future investigations into

research approach, intervention mapping, with an iterative design process. The use of

the use of existing office infrastructure in health promotion interventions, as it might limit

the intervention mapping protocol of Bartholomew [6] enabled us to formulate program

additional time investment of its user and thereby lower the threshold for people to use a

objectives with specific behavioral and contextual determinants. It also made it possible to

system. These insights led to the second research question of this dissertation.

create a structured plan for the adaption, implementation, monitoring and evaluation of the
WorkWalk.
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Taken together, the results of the three exploratory studies provide insights into the design

up a subject and continuing to the next point on the agenda. Finally, it is important that the

for active ways of office work by using existing office systems and infrastructures. In our

Hubs would be inclusive for all types of users. Following the case study, we conducted an

designs, we investigated the use of the calendar, the room booking system and the campus

online survey (N=186) to identify scenarios of use of the Hubs (Chapter 6). The Hubs were

routings and green landscape as possible infrastructures that can be used in health promotion

used as virtual research artifacts intended to trigger reflection from office workers about

interventions. Our findings highlight that using these organizational infrastructures can

their needs to conduct walking meetings in an efficient and pleasant way. Focusing on the

stimulate reflection on current work practices and change the dynamics of having a meeting.

size of the group and type of meetings, we identified scenarios of use and discussed design

Based on the findings of this second research question, we aimed to deepen our understanding

implications for the development of future support for walking meetings.

of walking meetings and supportive technology for this practice. This was prompted by the

8

fact that very little research was done on walking meetings in general, and more specifically,
on the role of technology in this context. Moreover, with the growing interest in digital
interventions and tools for health promotion at work, we saw the potential of supportive

Research Question 4: How can we envision future roles of interaction design
in facilitating active ways of working by means of speculative design research?

technology for walking meetings as a promising way to stimulate physical activity whilst
working. Given the dearth of supportive tools for walking meetings, we observed a design
opportunity that could lower the threshold for office workers to be physically active and
could increase the social acceptance of this practice.

The final question is addressed through a case study and a pictorial (i.e., a research article
relying on visual documentation as a primary material) (Chapter 7). In the case study, we
describe Ivy, an office chair that represents the sitting time of an office worker through
growing Ivy strands. We present a critical reading of Ivy as a provocative design that aims

Research Question 3: How can we design for walking meetings and explore the
use of supportive technology for this practice?

to counter the current trend of digitalization and quantification of health interventions and
tools. Our findings emphasized that Ivy’s criticality emerges mainly from data physicalization
as a new form of interactivity intended to trigger reflectiveness.
The pictorial presents the design explorations and bodily experimentations culminating

We carried out three studies addressing this research question. The first empirical study

in The Office Jungle. The Office Jungle is a critical and speculative redesign of the office

(N=16) was based on the WorkWalk case study. We used the WorkWalk in a living lab setting

environment that encourages physical activity by embracing wildness. The Office Jungle is

to identify key drivers and barriers for walking meetings through semi-structured walking

a design exemplar of a “wild” office space presented as a suspended geodesic structure. It is

interviews (Chapter 5). Our findings provided insights into how walking meetings are

built to experience how our office environment and our behavior at work affect each other.

experienced and affect the set-up and social dynamics of meetings.

Through this design exemplar, we also showcase the benefits of bodily experimentation in

In response to the barriers identified in the WorkWalk study, we developed and pilot-tested
a network of interactive devices to support walking meetings (Chapter 6). This network

unusual directions. The end result opens discussions around the ability of office workspaces
to offer more full body and dynamic experiences.

of ‘Hubs’ first served the very pragmatic goal of supporting office workers in presenting
and taking notes during their walking meetings. As an ecosystem of devices clearly visible
in the work environment, the Hub also constitutes an ‘official’ sign that walking meetings
are an accepted way of working and not a leisure escape from work. Taking a walk is still
predominantly perceived as a break from work. The results of this pilot study revealed
the importance of the placement of the Hubs due to disturbance and privacy issues. The
number of Hubs served as a timing mechanism for the participants, stimulating wrapping
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structured [7]. A randomized controlled trial (RCT) is a typical method of evaluation in
health research, with a focus on impact. The focus in HCI research, however, is more often
on fitness for purpose. This leads to more formative evaluations, for instance, by testing an
intervention’s usability, usefulness, or user experience.
In our scoping review (Chapter 2), we used a structured approach to establish state-of-theart digital interventions and tools to reduce physical inactivity in office workers. We used
a systematic search method that is associated with health research on a more HCI-related

88

evaluation focus. Instead of an evaluation focus on effect sizes, we focused on the design

8.2 PUBLIC HEALTH RESEARCH AND
HUMAN-COMPUTER INTERACTION
RESEARCH
In our work, we have combined different research approaches. The most apparent is the
combination of public health and Human-Computer Interaction (HCI) research. Since both
disciplines have their own set of assumptions, values and methodologies, this combination
is not without its challenges [7]. The differences in research approaches were also apparent
in our review of digital tools and interventions to reduce sedentary behavior or increase
physical activity in the office setting (Chapter 2). Although we found many relevant
publications, there appears to be limited cross-referencing on this topic. This is despite the

rationales of the interventions and tools. In addition, by including exploratory or ‘latebreaking’ work (i.e., short papers format presenting recent ongoing findings), we increased
the chances of a more diverse and broader scope of interventions as compared to previous
reviews [8–10,17,18,24,29,41]. Moreover, we merged the two research fields by using a
‘health’ related approach to establish the state-of-the-art with a ‘HCI’ focus and evaluation
methodology. Our aim was to enhance the exchange of knowledge between these fields
since physical inactivity is a complex societal problem that requires insights from multiple
disciplines [44]. We found several points of improvement to facilitate this exchange. A more
unified terminology, for instance, on the definitions of sedentary behavior and physical
activity could provide more clarity on the intervention strategies and enable comparison
between studies.

widely held view that research and development of interactive digital health interventions

More clarity is also needed when specifying behavior change techniques. Eight papers in our

require multi-disciplinary expertise [7].

review did not specify any techniques, limiting the exchange of behavior change insights.

To aid the collaboration between the two fields, valuable insights and best practices are
shared in both communities. We can, for instance, find guidelines to direct transdisciplinary
stakeholder networks of academics and practitioners in a living lab setting [20] and
considerations on how unified terminology can facilitate a more profound exchange
between studies detailing the development of interventions and evaluation studies [4]. On
a more general level, the work of Blandford et al. [7] describes seven areas of contrast in
practice between HCI and health research, ranging from requirements and design methods
to publication standards and venues. We highlight three of these contrasts in relation to the
learnings in this dissertation: 1) Establishing the state-of-the-art, 2) Focus and evaluation
methodologies and 3) Design methods and requirements.

In addition, the tools and interventions we reviewed made limited use of environmental
restructuring (i.e., changing the physical or social context), education and training, selfmonitoring, and problem-solving [12]. Since they have proven to be effective in public health
interventions [16], these behavior change techniques could be explored further in HCI tools
and interventions to reduce physical inactivity in office workers. An interesting direction
could be to use nudging as described by Sunstein and Thaler [42]. In their work they describe
how decisions are influenced by how choices are presented, also referred to as choice
architecture. They argue that choice architecture can influence people’s behavior to make
their lives longer, healthier, and better without restricting the individual’s freedom of choice.
This can for instance be done by placing a staircase in a central place in an office building to
nudge office workers towards the stairs instead of the elevator. This type of nudging is also

The first two differences described by Blandford et al. [7] are ‘establishing the state of

known as environmental restructuring, which is an important behavior change technique

the art’ and ‘focus and evaluation’. The HCI approach in establishing the state-of-the-art is

that was explored in this dissertation. We found promising findings on how to incorporate

often opportunistic and rarely structured, whereas the health research approach is mostly

digital and physical elements of environmental restructuring to facilitate physical activity in
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office workers. This was, for instance, apparent in the WorkWalk study, which showed how

to foster the core values in HCI research, such as an iterative design approach, real-life testing

the visibility of the WorkWalk on the campus created awareness, while the visibility of the

and early focus on user and task, while simultaneously creating a research environment that

WorkWalk as a meeting location in one’s digital agenda served as a motivator. In addition,

can be studied for a prolonged period. This living lab environment can be used for future

environmental landmarks were used for guidance and time management during walking

evaluation studies with a focus on impact, as is common in public health research.

meetings, which provided useful inputs in the design process of the Hubs [13].

8

In relation to our intervention designs, we applied different behavior change theories and

Combining digital and physical elements in interaction design research to facilitate physical

practices in an iterative design process. As explained in the introduction of this dissertation,

activity in office workers fits well with today’s view on ubiquitous computing [28]. Ubiquitous

we incorporated two fundamental theories on behavior change, the transtheoretical

computing introduces computing as an anytime, everywhere concept that can be applied to

model (TTM) [34] and the theory of planned behavior (TPB) [2], as well as two applied

any device or object. With the physical and digital worlds merging, new opportunities arise.

models of behavior change, the Behavior Change Wheel (BCW) [27] and the Intervention

In the design of new tools and technology to reduce physical inactivity, ubiquitous computing

Mapping Protocol (IMP) [6]. We used these theories and models to strengthen our design

can help to move forward from the strong focus on desktop computers that used to dominate

process. We combined the systematic development of theory-based interventions that is

interaction design research [28]. This could lead to less dependency on desktop computers

associated with a health research approach [7], with an iterative design process focused

for office work and open the design space for new interaction technology supporting active

on creativity and innovation associated with HCI research [7]. In the development of the

working methods.

WorkWalk (chapter 4), for instance, we integrated the TPB [2] and the IMP [6] in our design

The third difference between HCI research and health research relevant in this dissertation
is ‘the design methods and requirements’ [7]. The emphasis in HCI research is often put on
creativity and innovation, involving the end-users as the primary experts. In health research,
the emphasis is placed on the systematic development of a theory-based intervention with
clinicians and other professionals as primary experts. In this dissertation, we aimed to
draw on the expertise of end-users, design researchers and social scientists experienced
in the office vitality domain, as well as professionals from healthcare and non-healthcare
backgrounds. We sought different ways to include various stakeholders in our design
processes, for instance, through co-design sessions in the Tweak study and hackathons

process to strengthen the theoretical basis of our design. This integration also enabled
early consideration of evaluation and monitoring plans. Moreover, the BCW and the BCT
taxonomy provided a practical guide to design our interventions systematically. All our
interventions are designed to lower the threshold for people to adopt more healthy behavior
by providing an opportunity to plan and actuate more physically active work behavior. We
aimed to change the perceived ease of being physically active at work and challenge the
existing subjective social norms associated with physically active behavior at work. Making
healthy behavior a more visible part of the work practice and work culture by restructuring
the physical and digital office environment is a key element in this respect.

as a starting point for the WorkWalk and Ivy concepts. Moreover, by adopting a living lab
approach in the WorkWalk studies, we could involve multiple stakeholders from an early
stage in the design process.
The living lab in our work consisted of the university campus as the demarcated location in
which various parties worked together on supportive tools for walking meetings. This reallife environment is needed to develop innovative solutions that can successfully deal with
the complexities of real-life and everyday practice [20]. The living lab approach allowed
for multi-stakeholder collaboration and end-user involvement, which are considered core
elements [20]. Moreover, it provided a good balance between experimental and ecological
validity, as described by Peeters and Megens (2014) [32] in their in-context work on designdriven research for active and healthy lifestyles. By using a living lab approach, we were able
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complex problem. This is problematic since increasing physical activity requires a systemsbased approach [44]. Individual parameters of behavior change, contextual parameters,
social norms and cultural values are all equally important in this approach. The paradigm
shift that we have seen in the field of public health from an individual approach to more
systematic needs should therefore make its way in HCI research and practice. By doing so,
we can increase the effectiveness of interventions and tools that aim to reduce physical

8

8

inactivity.
As the second speculative design, The Office Jungle questions and raises awareness of the
current lack of integration of physical activity with office work. The provocative pictorial

8.3 THE ROLE OF SPECULATIVE
DESIGN

presents the design explorations and bodily experimentations. The Office Jungle is a critical

Chapter 7 describes two speculative design cases, The Office Jungle and Ivy, used to spark

how our office environment and our behavior at work affect each other. We advocate that

discussion about the way we design for physical activity in the office environment. In this

bringing wildness into office spaces will create more durable office environments that foster

discussion, we intend to open a societal debate with designers and researchers as well as

movement. With this pictorial, we aim to spark discussion amongst designers to think in

other stakeholders such as employers, employees, and municipality officials. As argued

new ways and consider new opportunities to design workplaces that integrate physical

by Dunne and Raby (2001), speculative design proposals can help in this respect, as they

activity with work.

“challenge narrow assumptions, pre contemplations and givens about the role products
play in everyday life” [15]. In our work, Ivy and The Office Jungle enabled us to address
the underlying assumptions and paradigms of interventions and tools to reduce physical
inactivity in office workers.

and speculative redesign of the office environment that encourages physical activity by
embracing wildness. It is a design exemplar of a “wild” office space that is built to experience

Overall, The Office Jungle and Ivy give rise to questions on how office technology can be
(re)designed to allow for more active ways of working. For instance, interactive systems in
the working environment, such as speech-recognition software and wearable technology,
could be adapted to be used in a new office landscape that integrates physical activity with

With Ivy, we addressed the current trend of digitalization and quantification of health

work. Although The Office Jungle and Ivy as speculative designs did not prioritize feasibility

interventions and tools. We see an increase in technology that tells us when we have been

and commercial purposes, they did allow us to rethink the office environment and office

sedentary for too long by means of graphs and numbers, provide statistics on our physical

design. In addition, reasoning about speculative design using a structured approach, as we

activity levels, or calculate how healthy we are. This trend is also known as ‘dataism’, a

saw in Ivy, can support the design of empirical studies by building a shared literacy within

view or philosophy that is driven by data and in which ‘information flow’ is considered the

the community.

greatest good. Although this view is gaining popularity, it also warrants caution. As described
by Rasch in the book ‘Friction: Ethics in a Time of Dataism’ [36], it is important that we
do not let technology blindly guide us. People should be able to make their own decisions
and interpretations of different scenarios. We should be wary of trying to fully quantify our
health and leave little space for our own views on this matter.
The second point of attention of the digitalization and quantification trend is that the
responsibility of someone’s health is often placed on the individual. Many digital tools and
interventions focus on an individual approach, stooled in theories of behavior change. By
doing so, there is a risk of overlooking the context and dismissing the societal role of this
244
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detachment after work is important for a worker’s concentration, emotional status, sleep
and physical health [19]. Therefore, it is not surprising that we see a growing number of
digital tools and interventions that target break-taking behavior. HCI can play an important
role in facilitating -active- breaks, as demonstrated by, for instance, Ren [37,38] and Moradi
[28].
According to Moradi, the ideal point of designing interactive technology to reduce physical

8

8

inactivity in the office environment is when both productivity and bodily movement is high
[28]. It is, however, not specified if and how these two can coexist at the same moment in
time. The work of Moradi showcases two interaction designs, the “NEAT Lamp” and the

8.4 SHIFTING THE PARADIGM
TOWARDS PHYSICALLY ACTIVE WAYS
OF WORKING
In our current view, office work is characterized by sedentary behavior. Physical activity is
mostly seen as a break from work and not as something you can do while working. This view
is visible in the current digital interventions and tools that are designed to reduce sedentary
behavior and increase physical activity [12]. Only 3 of the 45 designs we analyzed in our
scoping review (Chapter 2) targeted work-related tasks by transforming sedentary work
behavior into physically active work behavior. One of those three designs was our own work,
the WorkWalk (Chapter 4), leaving two other designs that integrated physical activity with

“Talking Tree” [28]. Both designs provide an indication of prolonged sitting of an office
worker, either by means of lighting or the color of the plant’s leaves. In these designs, the
focus is on creating awareness of sedentary behavior. This is a commonly adopted behavior
change technique in HCI tools and interventions to reduce physically inactive behavior in
office workers (Chapter 2).
Although we endorse the ideal point of designing interactive technology provided by Moradi,
we propose to move beyond creating awareness of ‘bad behavior’. Our designs aimed to
incorporate physical activity as a means to an end, instead of the intended end behavior. By
doing so, we intended to include positive short-term (health) effects and long-term health
consequences to motivate users.

work [1,33]. The biggest subset of tools and interventions in our review stimulated break-

The current paradigm of physical activity in the office setting creates an unnecessary

taking behavior.

dichotomy. By seeing physical activity as a break, work or being productive is associated

This view is also prevalent in other recent works on the role of interaction design in
facilitating physical activity in the workplace [37]. In 2020, an interaction design dissertation
was published with the title ‘Work or Workout’. This work provides a framework for physical
activity promotion among office workers by means of fitness interventions. Physical activity at
work is proposed as ‘booster breaks’ or ‘micro-breaks’ [37]. Although interweaving different
types of physical exercises in the work routine is considered important, interweaving stops
when classifying physically active behavior and work behavior. The Work-or-Workout
framework is proposed to “strike a balance between productivity and vitality” [37] and
not merge these two behaviors. In our work, we aim to go a step further. Productivity and
vitality should not have to be balanced; they should go hand in hand.
Naturally, break-taking behavior is important not only from a physiological stance but also
from a psychological point of view. Taking breaks can prevent or reduce stress, stimulate
new ideas and make employees more productive [35]. Moreover, cognitive and emotional
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with sitting behavior. Since being productive is often considered the greatest good in work
culture [28], it is not surprising that we sit so much. A culture that glorifies productivity
inadvertently also stimulates sitting behavior. By shifting the paradigm towards physically
active ways of working, we can also normalize physical activity as part of office work. This
could considerably reduce physical inactivity in the work environment and make physical
activity a more integral part of daily life. To create a healthier office work culture, we need
to reassociate and revalue productivity in relation to physical activity. Productivity should
not be linked to sedentary hours behind a computer screen or minutes sitting in a meeting
room; it should be linked to being active, figuratively, and literally.
We see the first step towards this paradigm in office furniture. Sit-standing desks have
become more common in the work environment and can effectively decrease sitting
time, increase energy expenditure, and positively affect several health markers [43]. Over
the years, they have changed from ‘problem solving’-equipment to ‘problem preventing’247

8

equipment. Although this is an important and significant shift, it is also a lonesome example
and not yet commonly spread in many offices.
Interaction design research plays an important role in redesigning workspaces and work
behavior [28]. A radically new conceptualization of office work is needed, in which the norm
is not sedentary but active behavior, in an overall balanced setting supporting well-being
at work. We need to open the design space for more interventions and tools that endorse
this new paradigm. This dissertation has provided several new concepts (Chapter 3-7)

8

and practices (Chapter 5,7) that can be explored further to advance our understanding of

8

supportive tools and interventions for being physically active while working, instead of

8.5 LIMITATIONS

being sedentary. The studies in this dissertation showed that making interventions visible
can help to increase the social acceptance of a practice. In addition, identifying the drivers
and barriers of a healthier work practice can aid the design of supportive technology. From

The present work entails several limitations. Each chapter and underlying publication

our work on walking meetings, we found that different social dynamics and set-up can be

include a limitation section describing the very specific points pertaining to each study. We

expected of such meetings, hence supportive technology for walking meetings should not

reflect here on the more generic limitations that are transversal to this doctoral work.

be a copy-paste of regular meeting tools. Supportive tools should accompany the distinct
characteristics of these meetings and should strive for positive and perhaps innovative
meeting experiences. This invites the design field to rethink what is needed to support
physically active ways of working, both in adapting current technologies (e.g., speech-totext), as well as in inventing new interactive products or services.

First, the empirical studies in this thesis were not designed to evaluate effect sizes related
to physical activity or sedentary behavior. Overall, the studies had a more exploratory
character. This approach was adopted to investigate the underexplored field of interaction
technology for active ways of working. Since this field has not been well studied, new ideas
and insights were needed to lay the groundwork for future studies. The exploratory nature of
this dissertation also resulted in the inclusion of several case studies using design exemplars
in a research-through-design approach. Compared to the scoping review (Chapter 2) and
empirical studies (Chapters 3, 5 and 6), the conclusive evidence of these case studies is
limited. Nevertheless, they served an important purpose. While some provided preliminary
results of a pilot test, others presented thought-provoking concepts. These studies all helped
to broaden the research scope and increase collaboration with researchers from various
fields. Furthermore, the exploratory character of these studies allowed for more creativity
and new approaches as compared to more traditional public health research. Some of
the artifacts designed constitute a contribution in themselves and could be deployed or
commercialized as products or services for the industry in addition to their role as research
concepts.
Another limitation in our work is the environment in which most research was conducted.
The university campus served as a living lab setting, which provided favorable circumstances.
It made it possible, for instance, to implement the WorkWalk as a research design that can be
studied for a prolonged period. The fact that the campus consists of private and not public
land has probably accelerated implementation since the decision-making process did not lie
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with a municipality, which is often more complex. Despite the cultural diversity of a higher
education environment, the campus is a rather homogeneous place, involving a specific
type of office workers and an organizational culture that might be more open to innovative
ways of working than other public or private institutions. The ongoing deployment of the
Workwalk at two other places in the Netherlands (High Tech Campus Eindhoven and the
University of Tilburg) might bring interesting insights in future research about the impact
of the physical, social, and organizational environment on the use and experience of the

8

concept.

8

As emphasized in chapters 3 to 5, promoting new ways of working involves a network of

8.6 FUTURE WORK

stakeholders and should be addressed at the systemic level. The employees are a crucial
part of this ecosystem and their involvement is essential if we aim to create optimal working
experiences. Of course, also employers, building managers, public health experts and even
policymakers play an equally important role in this transformative process. Admittedly,
most of the empirical studies in the present dissertation were focused on the expectations
and experiences of the office workers as end-users of the studied concepts. Although we
report insights from other stakeholders (for instance, barriers and facilitators of walking
meetings related to the organizational level and company culture), they did not have the
same level of involvement, nor did we focus on policy measures that could aid the uptake
of tools and interventions for active ways of work. This could be an interesting next step,
in which the focus is shifted to implementation and evaluation. Future studies should
investigate these factors more systematically to support change and foster acceptance of the
proposed solutions.

8.6.1 RESEARCHING LONG-TERM HEALTH
EFFECTS
In our work, we explored how interaction design can facilitate physically active ways of
working. Although the insights of this dissertation show a promising direction, we did not
aim at providing evidence for the long-term (health) effects of the investigated designs. A
natural progression of this work is to pursue the deployment and analysis of these designs
in collaboration with other research fields. Future work should be conducted on short- and
long-term health effects. Short-term health effects such as cardiorespiratory fitness or total
body fat could be measured [42]. Indirect parameters such as step count or sedentary time,
measured by means of activity trackers, could also provide valuable information on shortterm and long-term health effects.

An additional limitation is that we did not focus on the home office. Due to the Covid-19
pandemic, working from home has, perforce, normalized. Although it is not sure what the
from home more often in the future compared to the ‘pre-corona era’. As most of our

8.6.2 PSYCHOLOGICAL AND COGNITIVE
BENEFITS OF ACTIVE WAYS OF WORKING

explorations were done for face-to-face work situations in the office environment, it remains

In addition to physiological parameters, it would be interesting to further investigate

a question of which knowledge and insights can be transferred to the context of the home

psychological and cognitive factors. The positive effects associated with walking in general,

office. Future work should thus focus on this question and think about how we can adapt to

such as supporting attentional processes [11], might also be applicable in the work context.

the new reality.

This could hold true for boosting creative ideation [30], facilitating psychological processing

‘new normal’ work situation will be, it is conceivable that office workers will be working

and promoting collaborative ways of working [26,39]. As these positive effects have been
established for walking, it would be interesting to research these parameters in relation to
active ways of working in general and walking meetings in specific.
The distinctly different social dynamics of walking meetings compared to regular meetings
250
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(Chapter 5) provide a new design space for novel supportive technology in the office context.
Utilizing the drivers of walking meetings or removing the barriers of walking meetings by
means of interaction technology can aid the adoption of this practice. The focus of tools
and interventions to reduce physical inactivity could be shifted from what we should not
do (e.g., prolonged sitting) to what working on the move can bring. This can and should
go beyond the long-term health effects of being physically active. Through technology that
focuses on the benefits of being physically active instead of creating awareness of sitting
behavior, we can increase the possible motives for people to be active. While some office

8

workers may choose to adopt active ways of working for health benefits, others might find it

8

more relaxing, more productive, or a better fit for specific meeting purposes.

8.6.3 WHICH TECHNOLOGIES CAN SUPPORT
ACTIVE WAYS OF WORKING?

FIGURE 8.1. HACKING THE CITY AT THE WALK21 CONFERENCE WITH A ‘WALKSHOP’

Technologies that facilitate working on the move and specifically supportive technologies
for walking meetings should be researched further. Exploring the role of these technologies
in-situ would be of great help in establishing best practices and (long-term) effects. The
combinations of high- and low-tech approaches, as we have seen in the WorkWalk is also
an interesting interplay that could be explored further. Design explorations on interactive
walking routes that indicate the position and availability of walking meeting devices or to
suggest personalized paths depending on the meeting type could for instance be explored.

8.6.4 TRANSFORMING PUBLIC SPACES TO
ACCOUNT FOR HOME OFFICE SITUATIONS
It would also be interesting to shift our research focus to the home-office situation and the
everyday living environment of the neighborhood. An unprecedented number of people
have been working from home during the Covid-19 pandemic. During this period, remote
meetings via video conference have become the new normal. The question is, what the new

We aim to continue design-through-research studies on artifacts making use of the physical

normal will be after the pandemic? It is conceivable that working at the office will not return

space to support walking meetings. Regarding the Hub concept, we are particularly

to its level before the pandemic, and working from home will no longer be an exception.

interested in investigating the benefits of combining mobile and stationary technologies.

Home offices, however, are often sub-optimal in terms of ergonomics [14]. In addition,

Our focus will be on the role of these modular artifacts, their influence on the meeting flow,

workdays at home in Covid-times tend to be less physically active than workdays at the

and the optimization of the location and number of artifacts in a workplace environment.

office [3]. Therefore, it would be fruitful to investigate the transformation of public space

For future work, we also intend to include ‘walkshops’ (or walking workshops, see figure 1)

to create opportunities for active work environments close to home. Moreover, this would

in our research to study walking methodologies in relation to supportive technologies for

likely enhance the use of streets, public squares and parks by extending its use beyond

physically active work.

commuting and leisure time.
Currently, physical activity in the public space seems to focus mostly on leisure time and
active commuting. The integration of expertise and knowledge from various disciplines
and effective collaboration between practitioners, policymakers and researchers is key in
designing healthy environments in public spaces [5,25]. Including the lens of HCI design on
active ways of working in the public space can substantially reduce the physical inactivity of
252
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office workers. This would open the design space and create new possibilities to facilitate
healthy behavior beyond leisure time, active commuting, and sports activities.
Although digital solutions in the public space are on the rise, they appear less prominent in
the field of preventive public health [40]. The concepts presented in this thesis, such as the
Hubs, provide an example of digital solutions that could stimulate healthy behavior. Other
possibilities to use technologies in the public space to facilitate physical activity could be
to repurpose existing infrastructure. Public amenities such as walking paths, for instance,

8

could stimulate and facilitate short walking meetings that guide a user through the parc

8

based on a pre-set meeting time. Bus shelters, advertising pillars or smart city information
displays could serve as presentation tools for these outdoor meetings.
When creating new possibilities to stimulate more healthy and physically active behavior in
the public space, we should not limit the designs to one type of work behavior. In our work,
we have primarily focused on the practice of having a meeting. However, by deconstructing
office work, we could create new experiences and opportunities for interaction technology
to stimulate physical activity in the office environment. Developments in the field of speechto-text or voice recognition, for instance, can be used to stimulate more physically active
ideation processes, text editing or emailing.

8.7 KEY TAKEAWAYS
Although the work in this dissertation is mainly of an exploratory nature it still offers several
insights to design for active office work. In an effort to compress these insights, we formulated
six takeaways for interaction design to stimulate physical activity in the office environment
(Table 8.1). The two gaps found in the scoping review (Chapter 2) form the basis for
takeaways 1 to 4. First, an intervention should aim to make physical activity an integral part
of the office day. It should not be restricted to a single moment in a day, for instance during
lunch. This takeaway is also in accordance with the advice of the world health organization

In conclusion, our findings and contributions suggest the need for a paradigm shift in the

on increasing physical activity [44]. Second, the scope of the intervention should not be

way we design interaction design to facilitate physical activity in the office environment.

limited to seeing physical activity as a break from work. Notwithstanding the importance

Supportive tools and interventions for being physically active while working and using

of break-taking behavior, physical activity can be both an active break from work as well as

existing infrastructure can help to reduce the physically inactive behavior of office workers.

a way of working. Third, it is therefore important that an intervention goes beyond creating

Moving forward, we should use an interdisciplinary approach in which design research and

awareness of for example sitting behavior. Interventions should provide a clear motivation

public health research reinforce each other.

for users to be physically active to make it easier to adhere to healthier behavior. Fourth,
making use of existing office systems, tools and/or infrastructure can provide a means to
limit time investments required of users and makes adoption in the workplace easier.
Based on the findings of the WorkWalk (Chapter 4 and 5) and Hub studies (Chapter 6),
we formulated key takeaway 5 and 6 (Table 8.1). Making an intervention visible provides
practical support for a certain practice such as walking meetings, and it also increases the
social acceptance of such a practice. Furthermore, it provides a present reminder for people
that there is a healthy alternative to sedentary work practices. The final takeaway should be
regarded as a (plausible) hypothesis rather than a validated insight. Based on the insights of
the WorkWalk study, we found that there are many reasons for people to conduct walking
meetings. Although some motivations related to long term health effects, many did not.
Focussing also on short term (health or other) benefits can make the choice for a particular
254
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CONCLUSION

current work practices. Moreover, the design cases provided new insights into the social
dynamics of active ways of working.
Building on these findings and addressing the dearth of supportive tools for walking
meetings, we saw an opportunity to investigate this direction further. By making use of
the WorkWalk service design in a living lab study, we identified key triggers and barriers
for walking meetings and provided insights into how this format can affect the set-up and
social dynamics of meetings. We further explored the use of technological solutions that
can support the practice of walking meetings through a scenario-based online survey. By
identifying different scenarios of use, we derived recommendations for the development of

9. CONCLUSION

future technologies and service design components to support walking meetings.
In the final part of this dissertation, we envisioned the future roles of interaction design

To practice what we preach, you can also listen to the conclusion of this work. You can

in stimulating active ways of working. By means of two provocative designs, Ivy and The

find an audio recording at: https://tinyurl.com/y6nnthbt

Office Jungle, we exemplify how design research can engage people in the societal debate

In this doctoral dissertation, we studied the role of interaction design in stimulating physical
activity in office workers. This research was conducted as a response to our increasingly
sedentary lives and the role interaction technology can play to address this widespread
public health concern. By means of a design research approach, we gained insights into

on physical inactivity in the office environment. We aimed to challenge or complement
the current trend of digitalization and quantification of health interventions and tools.
Moreover, we showcased the benefits of bodily experimentation in unusual directions in a
design research process.

interaction design strategies to reduce physical inactivity in office workers. We conducted a

Our findings and contributions suggest the need for a new conceptualization of office work,

scoping review, empirical studies, and design case-studies to address the following research

in which the norm is not sedentary behavior but active behavior, in an overall balanced

question: ‘How can interaction design research contribute to stimulating physical activity in

setting supporting well-being at work. Interaction design can support this paradigm shift

the office environment?’

by facilitating and stimulating physical activity while working. We therefore call the Human

The scoping review unveiled two gaps in the current landscape of digital tools and
interventions that address sedentary behavior and physical activity in the office
environment. First, digital tools and interventions make limited use of existing office tools
and infrastructure. Most were stand-alone applications or artefacts. Second, we found that
within these tools and interventions, physical activity is usually limited to a break from
work. Physical activity in the office context is rarely approached as a way of working.
With these gaps in mind, we explored the field of interaction design to make, evaluate and
discuss possible solutions to reduce physical inactivity in office workers. In this exploration
phase, we developed and researched three designs: a calendar suggestion system
Tweak, a modular meeting environment Position Peak, and a service design for walking
meetings WorkWalk. The findings of these three exploratory studies showed how the use
of organizational infrastructures in the intervention designs can stimulate reflection on
260

Computer Interaction and design communities to contribute to future work in this direction.
Using existing infrastructure and making interventions visible can help to increase the social
acceptance of active ways of working. The new concepts and practices presented here can
be explored further to advance our understanding of supportive tools and interventions for
being physically active while working.
A key principle for future research and development of supporting technologies, is to use
an interdisciplinary approach in which design research and public health research reinforce
each other. Challenging current work paradigms, for instance by means of provocative
design research, allows us to rethink the office environment, the relations within that space,
and improve these environments to increase efficiency, effectiveness, and overall quality of
work life. Moving forward, we can follow the wisdom of the philosopher Friedrich Nietzsche;
“Sit as little as possible; do not believe any idea that was not born in the open air and of free
movement”.
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SUMMARY

for future multidisciplinary development and research of technologies that address
physical inactivity in office work. The findings of our scoping review showed two gaps
in current practice. First, we observed that digital tools and interventions make limited
use of existing office tools and infrastructure. Second, we found that within these tools
and interventions, physical activity is considered a break from work.
With these gaps in mind, we explored the field of interaction design to make, evaluate
and discuss possible solutions to reduce physical inactivity in office workers. Our first
exploration was Tweak, a health suggestion system that places small actionable health
suggestions in the calendar of an office worker (Chapter 3). Two four-week field studies

‘HOW CAN INTERACTION DESIGN
RESEARCH CONTRIBUTE TO
STIMULATING PHYSICAL ACTIVITY IN
THE OFFICE ENVIRONMENT?’
With the emergence of more and more desk-bound occupations, we see a growing group

(N=21) showed how Tweak adapted to changing user-profiles and used personal and
contextual data to situate suggestions. User insights showed that integration into the
calendar stimulated reflective behavior and curiosity and was perceived as easy to
use. However, due to differences in calendar use, suggestions could be overlooked. We
discuss implications on how integrated delivery mechanisms can aid the development
of future workplace digital behavior change interventions.

of people who spend most of their day sitting. Since this physically inactive behavior is a

With our next exploration, we addressed the second gap of our review paper. We looked

mounting public health concern, reducing sedentary routine in the office environment

at how interaction design can facilitate active ways of working. We describe two case

is a major area of interest within the field of health promotion. Over recent years, we

studies that focus on a common office practice, having a meeting (Chapter 4). In our

have seen an increase in the research and development of digital interventions and tools

first exploration of active ways of working, we designed modular furniture for meeting

that target physical inactivity at work. Although these emerging technologies show a

rooms. PositionPeak was developed to encourage the acceptance of physical activity in

promising new field, there is little systematic research on interaction design strategies

the office and fit into a daily work routine. Based on systematic observations of position

to reduce physical inactivity in office workers. This doctoral dissertation, therefore,

changes during meetings, we found that participants adopted a variety of postures

addresses the following main research question:

while increasing the feeling of efficiency and energy level. Participants, however, also

‘How can interaction design research contribute to stimulating physical activity in the
office environment?’

reported physical discomfort with some of the PositionPeak objects. We discuss the
influence of PositionPeak on the meetings’ social dynamics, the acceptance of new
conventions and design recommendations for new meeting facilities. Our second case

In this doctoral dissertation, we use a design research approach to answer this research

study describes the design of WorkWalk, a service design to stimulate and facilitate

question. We designed, developed, and researched several design concepts that were

walking meetings. This idea arose by merging a traditional health research approach

studied in context.

with an iterative design process. With this method, it was possible to integrate behavior

In the first section, we scope the current landscape of sedentary behavior and

change techniques effectively into an interaction design process.

physical activity interventions using technology in the office environment (Chapter

Taken together, the results of the three exploratory studies provide insights into the

2). Our scoping review analyzed 45 interventions on their characteristics, objectives,

design for active ways of office work by using existing office systems and infrastructures.

theoretical underpinning, and behavior change techniques. We mapped different

In our designs, we investigated the use of the calendar, the room booking system and

types of interventions and provided an increased understanding of the opportunities

the campus routings and green landscape as possible infrastructures that can be used in
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health promotion interventions. Our findings highlight that using these organizational

to both theory and practice in the field of interaction design for healthy office work.

infrastructures can stimulate reflection on current work practices and change the

Informed by a scoping review on digital tools and interventions to reduce sedentary

dynamics of having a meeting.

behavior in the office environment, we propose a new perspective on the integration of

In chapter 5, we build on our WorkWalk case study. We chose to further investigate
the practice of walking meetings and supportive technology for this practice. This was
prompted by the fact that very little research is done on walking meetings in general,
specifically on the role of technology in this context. Moreover, with the growing interest
in digital interventions and tools for health promotion at work, we saw the potential of
supportive technology for walking meetings as a promising way to stimulate physical
activity whilst working. Given the dearth of supportive tools for walking meetings,
we saw a design opportunity that could lower the threshold for office workers to be
physically active and could increase the social acceptance of this practice.

physical activity into work while using existing office infrastructure, tools and services.
Empirical findings gathered through a combination of qualitative and quantitative
studies provide a new understanding of facilitating physical activity in the office
environment. By identifying barriers and drivers of walking meetings, we inform on
the role of technology to support this practice. We reveal further insights by exploring
and designing interactive artifacts for walking meetings and physically active ways of
working. In addition, we present two provocative artifacts designed to question current
practice in sedentary behavior intervention Ivy). Finally, we explore the implications
for the important paradigm shift towards design technologies that support physical
activity at work.

With the use of the WorkWalk service design, we studied walking meetings in a living
lab setting (Chapter 5). We identified key triggers and barriers for walking meetings
and provided insights into how this format can affect the meetings’ set-up and social
dynamics. In response to the barriers identified in the WorkWalk study, we developed
and pilot-tested a network of interactive devices to support walking meetings (Chapter
6). This network of stand-up meeting stations, or Hubs, accommodate different workrelated tasks during walking meetings. We discuss the usefulness and relevance of the
Hub concept to overcome the obstacles associated with walking meetings.
In the envisioning part of this dissertation (Chapter 7), we look forward to the future
roles of interaction design in facilitating active ways of working. By means of a case
study and a pictorial (i.e., a research article relying on visual documentation as a primary
material), we exemplify how design can engage people in the societal debate on physical
inactivity. Our case study Ivy is a provocative design aimed to trigger thoughts about
how we design for sedentary behavior interventions in the office context. Our findings
emphasize that Ivy’s criticality emerges mainly from data physicalization as a new form
of interactivity intended to trigger reflectiveness. Our final study presents the Office
Jungle, a critical and provocative design that provides an alternative reality of a future
office environment. Through this design exemplar, we also showcase the benefits of
bodily experimentation in unusual directions. The end-result opens discussions around
the ability of office workspaces to offer complete physical dynamic experiences.
The concluding part of this thesis draws together the contributions of this thesis and
provides an answer to the research questions. This thesis makes several contributions
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DUTCH
SUMMARY

van bestaande kantoorinstrumenten en -infrastructuur. Ten tweede vonden
we dat binnen deze hulpmiddelen en interventies fysieke activiteit wordt
beschouwd als een pauze van het werk.
Met deze hiaten in het achterhoofd hebben we het terrein van interactie-ontwerp
om lichamelijke inactiviteit bij kantoorwerkers te verminderen verkend door
mogelijke oplossingen te ontwerpen, te evalueren en te bestuderen. Onze
eerste verkenning was Tweak, een gezondheidssuggestiesysteem dat kleine
actiegerichte gezondheidssuggesties in de agenda van een kantoormedewerker
plaatst (Hoofdstuk 3). Twee veldstudies van vier weken (N=21) toonden aan
hoe Tweak zich aanpaste aan veranderende gebruikersprofielen en gebruik

Met een groeiende hoeveelheid kantoorwerk, zien we steeds meer mensen die de hele dag
zitten. Gezien deze fysieke inactiviteit een groeiende zorg is voor de volksgezondheid, is
het terugdringen van zittend gedrag in de kantooromgeving een belangrijk aandachtspunt
binnen het vakgebied gezondheidsbevordering. De laatste jaren zien we een toename
in het onderzoek naar en de ontwikkeling van digitale interventies en hulpmiddelen die
zich richten op fysieke inactiviteit op het werk. Hoewel deze opkomende technologieën
veelbelovende nieuwe mogelijkheden laten zien, is er weinig systematisch onderzoek

maakte van persoonlijke en contextuele gegevens om suggesties te geven.
Inzichten van gebruikers toonden aan dat integratie in de agenda reflectief
gedrag en nieuwsgierigheid stimuleerde en als gemakkelijk in gebruik werd
ervaren. Echter, door verschillen in kalendergebruik konden suggesties over
het hoofd worden gezien. We bespreken de implicaties van hoe geïntegreerde
leveringsmethodes kunnen helpen bij de ontwikkeling van toekomstige digitale
gedragsveranderingsinterventies op de werkplek.

gedaan naar strategieën voor interactie-ontwerp om fysieke inactiviteit bij kantoorwerkers

Met onze volgende verkenning hebben we de tweede hiaat dat we vonden in

te verminderen. Dit proefschrift behandelt daarom de volgende hoofdonderzoeksvraag:

hoofstuk 2 aangepakt. We keken naar hoe interactie-ontwerp actieve manieren

Hoe kan onderzoek in interactie-ontwerp bijdragen aan het stimuleren van fysieke
activiteit in de kantooromgeving?

van werken kan faciliteren. We beschrijven twee casussen die zich richten op een
veel voorkomende kantoorpraktijk, het houden van een vergadering (hoofdstuk
4). In onze eerste verkenning naar actieve manieren van werken, ontwierpen

In dit doctoraal proefschrift gebruiken we ontwerponderzoek om deze onderzoeksvraag te

we modulair meubilair voor vergaderruimtes. PositionPeak werd ontwikkeld

beantwoorden. We ontwierpen, ontwikkelden en onderzochten verschillende concepten die

om de acceptatie van fysieke activiteit op kantoor te stimuleren en in te passen

in de kantooromgeving werden bestudeerd.

in de dagelijkse werkroutine. Op basis van systematische observaties van

In het eerste deel wordt een overzicht gegeven van het huidige landschap van interventies
die zich richten op sedentair gedrag en lichaamsbeweging in de kantooromgeving en
gebruik maken van technologie (Hoofdstuk 2). In onze evaluatie hebben we 45 interventies
geanalyseerd op hun kenmerken, doelstellingen, theoretische onderbouwing, en
gedragsveranderingstechnieken. We brachten verschillende soorten interventies in kaart en
verschaften een beter inzicht in de mogelijkheden voor de toekomstige multidisciplinaire
ontwikkeling en onderzoek van technologieën die fysieke inactiviteit bij kantoorwerk
aanpakken. De bevindingen van onze evaluatie toonden twee hiaten in de huidige praktijk.
Ten eerste zagen we dat digitale instrumenten en interventies beperkt gebruik maken
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positieveranderingen tijdens vergaderingen, stelden we vast dat deelnemers
een verscheidenheid aan houdingen aannamen, terwijl het gevoel van efficiëntie
en energieniveau toenam. Deelnemers meldden echter ook fysiek ongemak
bij sommige van de PositionPeak-objecten. We bespreken de invloed van
PositionPeak op de sociale dynamiek van de vergaderingen, de acceptatie van
nieuwe conventies en ontwerpaanbevelingen voor nieuwe vergaderfaciliteiten.
Onze tweede casus beschrijft het ontwerp van de WorkWalk, een
dienstverleningsconcept om wandelend vergaderen te stimuleren en faciliteren.
Dit idee is ontstaan door het samenvoegen van een traditionele benadering van
gezondheidsonderzoek met een iteratief ontwerpproces. Met deze methode was
269

het mogelijk om gedragsveranderingstechnieken effectief te integreren in een interactie-

In het vooruitziende deel van dit proefschrift (hoofdstuk 7) kijken we vooruit naar de

ontwerpproces.

toekomstige rol van interactie-ontwerp bij het faciliteren van actieve manieren van werken.

Tezamen bieden de resultaten van de drie verkennende studies inzichten in het ontwerp voor
actieve manieren van kantoorwerk door gebruik te maken van bestaande kantoorsystemen
en infrastructuren. In onze ontwerpen onderzochten we het gebruik van de kalender, het
kamerreserveringssysteem, de campusroutes en het landschap als mogelijke infrastructuren
die gebruikt kunnen worden in gezondheidsbevorderende interventies. Onze bevindingen
laten zien dat het gebruik van deze organisatorische infrastructuren reflectie op de huidige
werkpraktijk kan stimuleren en de dynamiek van het vergaderen kan veranderen.

Aan de hand van een casus en een beeldverhaal (d.w.z. een onderzoeksartikel dat gebruik
maakt van visuele documentatie als primair materiaal) illustreren we hoe ontwerp mensen
kan betrekken bij het maatschappelijke debat over lichamelijke inactiviteit. Onze casus
Ivy is een provocerend ontwerp dat tot doel heeft gedachten op gang te brengen over hoe
we interventies op het gebied van zittend gedrag in de kantoorcontext ontwerpen. Onze
bevindingen benadrukken dat de kriticiteit van Ivy vooral voortkomt uit de fysicalisering
van de gegevens als een nieuwe vorm van interactiviteit die bedoeld is om reflectie te
stimuleren. Onze laatste studie presenteert de Office Jungle, een kritisch en provocerend

In hoofdstuk 5 bouwen we voort op de WorkWalk casus. We kozen ervoor

ontwerp dat een alternatieve realiteit van een toekomstige kantooromgeving schetst. Via

wandelvergaderingen en ondersteunende technologie voor wandelvergaderingen verder

dit ontwerpvoorbeeld laten we ook de voordelen zien van lichamelijk experimenteren in

te onderzoeken. Dit werd ingegeven door het feit dat er erg weinig onderzoek is gedaan

ongebruikelijke richtingen. Het eindresultaat opent discussies over het vermogen van

naar wandelvergaderingen in het algemeen, en meer specifiek naar de rol van technologie

kantoorwerkplekken om meer lichaamseigen en dynamische ervaringen te bieden.

in deze context. Bovendien, met de groeiende belangstelling voor digitale interventies en
hulpmiddelen voor gezondheidsbevordering op het werk, zagen wij het potentieel van
ondersteunende technologie voor wandelvergaderingen als een veelbelovende manier om
fysieke activiteit tijdens het werk te stimuleren. Gezien de schaarste aan ondersteunende
hulpmiddelen voor wandelvergaderingen zagen wij een ontwerpmogelijkheid die de
drempel voor kantoorwerkers om lichamelijk actief te zijn zou kunnen verlagen en de
sociale acceptatie van deze manier van werken zou kunnen vergroten.

In het afsluitende deel van dit proefschrift worden de bijdragen van dit proefschrift
samengevat en wordt een antwoord gegeven op de onderzoeksvragen. Deze dissertatie
levert verschillende bijdragen aan zowel de theorie als de praktijk op het gebied van
interactie-ontwerp voor actief kantoorwerk. Op basis van een scoping-evaluatie van digitale
hulpmiddelen en interventies om zittend gedrag in de kantooromgeving te verminderen,
stellen we een nieuw perspectief voor op de integratie van fysieke activiteit in het werk
met gebruik van bestaande kantoorinfrastructuur, instrumenten en diensten. Empirische

Met behulp van het WorkWalk-dienstverleningsconcept hebben we wandelvergaderingen in

bevindingen, verzameld door een combinatie van kwalitatieve en kwantitatieve studies,

een proeftuin (of livinglab) bestudeerd (Hoofdstuk 5). We identificeerden de belangrijkste

bieden een nieuw inzicht in het faciliteren van fysieke activiteit in de kantooromgeving.

triggers en barrières voor wandelvergaderingen en verschaften inzicht in hoe dit format

Door barrières en drijfveren voor wandelvergaderingen te identificeren, geven we

de opzet en sociale dynamiek van vergaderingen kan beïnvloeden. Als antwoord op de

informatie over de rol van technologie om deze praktijk te ondersteunen. We onthullen

barrières die in de WorkWalk-studie werden geïdentificeerd, ontwikkelden en testten

verdere inzichten door de verkenning en het ontwerp van interactieve instrumenten voor

we een netwerk van interactieve apparaten om wandelend vergaderen te ondersteunen

wandelvergaderingen en fysiek actieve manieren van werken. Daarnaast presenteren we

(Hoofdstuk 6). Dit netwerk van staande-vergaderstations, of Hubs, biedt ruimte aan

twee provocatieve instrumenten die zijn ontworpen om de huidige praktijk van sedentaire

verschillende werkgerelateerde taken tijdens wandelvergaderingen. We bespreken het

interventies ter discussie te stellen (Ivy en Office Jungle). Ten slotte verkennen we de

nut en de relevantie van het Hub-concept om de obstakels te overwinnen die geassocieerd

implicaties voor de belangrijke paradigmaverschuiving naar ontwerptechnologieën die

worden met wandelvergaderingen.

fysieke activiteit op het werk ondersteunen.
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