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Abstract
How are we moving, or how much physical activities are present in societal settings
such as eldercare units, schools, universities and offices? This general question was
explored using different design-oriented approaches in four cases, with children,
elderly, students and office workers. The results unveil a complexity of the problem
area that initially seemed quite straightforward. In many of the explored settings
and situations, and for many of the participants, the activities they are engaged with
do not include or encourage their abilities for physical movements to any great
extent and this is not in line with the extent of movement that they actually desire.
Physical activity can be defined as an activity performed through movement that
expends energy. Research results from the public health domains and related areas
show a major concern for the negative effects related to low levels of physical
activity and prolonged sedentary postures found in many of the above-mentioned
settings. In general, physical activities of today seem mainly related to sports, and
specific activities designed for improving health and well-being. The participants in
the four explorative case studies in this thesis demonstrated how they would like
their physical activities to be integrated in the everyday activities of the different
settings explored and not mainly as a separate activity specifically dedicated for
health and well-being. How can knowledge of physical activity inform the design
and development of interactive products and systems in these settings? New insights
were gained through design-oriented explorations together with the participants in
the different field settings and through analysis of these observations. The results are
not only the insights gained through the analysed empirical observations but also
include a physical activity-oriented design method called Physical Movement
Sketching as well as experiences from using Movement Probes. The experiences
from using these two design methods led me to formulate a proposal for a new
approach called Movement Acumen Design. This approach applies a socioecological perspective on physical activities. It provides methods and concepts to
support the integration of physical activities into everyday activities performed with
the support of interactive technology and it argues that physical activity should
reclaim a more central role in these situations. Let us design for it to happen!
Keywords Physical activity, physical literacy, everyday activities, research through
design, participatory design and user experience

Sammanfattning
Hur rör vi oss, eller hur fysiska aktiva är människor i miljöer såsom
äldrevårdsenheter, skolor, universitet och kontor? Denna allmänna fråga har
undersöktes, genom olika designorienterade metoder tillsammans med barn, äldre,
studenter och kontorsarbetare. Resultaten visar på en komplexitet runt
frågeställningen som från början verkade ganska okomplicerad. I många av de
miljöer och situationer som utforskades, och för många av deltagarna i dessa
miljöer, tillvaratas inte deras förmågor till fysisk aktivitet i någon större
utsträckning. I alla fall inte i den utsträckning som deltagarna skulle önska. Fysisk
aktivitet definieras ofta som en aktivitet som förbrukar energi genom rörelse.
Forskningsresultat från folkhälsodomänen och relaterade områden visar att de
negativa effekterna av låga nivåer av fysisk aktivitet och långvarigt stillasittande är
ett stort samhällsproblem. I allmänhet är ofta fysisk aktivitet associerad och
huvudsakligen relaterad till sport, och särskilda aktiviteter utformade för att
förbättra hälsa och välbefinnande. Deltagarna, i de fyra explorativa fallstudier som
beskrivs i denna avhandling, har visat hur de skulle vilja få en ökad grad av fysisk
aktivitet integrerad i aktiviteter som är centrala i deras dagliga verksamhet, och inte
i huvudsak som en separat aktivitet särskilt avsedd för hälsa- och välbefinnande. I
avhandlingen visas hur kunskap om fysisk aktivitet kan informera design och
utveckling av interaktiva produkter och system inom dessa verksamheter. Nya
insikter har vunnits genom designorienterad utforskning, utveckling och diskussion
tillsammans med deltagarna i de olika sammanhangen och genom analys av dessa
erfarenheter. Resultaten är inte bara de insikter som vunnits genom analys av
empirin utan inkluderar även Physical Movement Sketching en fysisk aktivitetsorienterad design-metod. Vidare har Movement Probes utvecklats och testats med
syfte att generera upplevelse av rörelse i kombination med arbetsuppgifter som
input till design. Erfarenheterna från dessa två designmetoder samt analys av
resultat från fyra fallstudier har bidragit till utformandet av ett en ny strategi kallad
Movement Acumen Design – som tar ett samhälls-ekologiskt perspektiv på fysisk
aktivitet och föreslår metoder och koncept i syfte att stödja integrationen av fysiska
aktiviteter i dagliga aktiviteter som utförs med stöd av interaktiv teknik och system.
Movement Acumen Design approach verkar för att fysisk aktivitet tar en mer
central roll i vardagliga aktiviteter och situationer.
Nyckelord Fysisk aktivitet, rörelse-kompetens, vardagliga aktiviteter, forskning
genom design, deltagande design och användarupplevelse
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Preface
What I see is the ending of my trekked out trail and the beginnings of a
relational existence with unmarked snow, a canvas of sorts waiting to be
transformed and in the same moment, transforms me.
Rebecca J. Lloyd, 2011
I think it is appropriate to provide some information about my background. I am a
physiotherapist with a Master in Ergonomics and Human-TechnologyOrganization. This background has provided me with a lens open for different
perspectives on movements. Through movements I have experienced my limits and
sometimes it has provided a feeling of me being misplaced. As when I was taking a
ten-day summer course in mime corporeal in Belleville, Paris. I had hoped to expand
my language and experience in how to communicate and work with body
movements in my research. Many of the attendants had a background in dance,
street performance and acrobatics. I had not reflected upon which peers I would
meet. I was just so happy to attend. During the course I experienced how my body
was clumsy and at one moment the professor, when trying to capture my
performance named it as “un peau Nordic” meaning somewhat “costeau” (stiff,
clumsy and too muscular).
In my search for a new way to approach movement and to gain a new language to
communicate and address movements I also attended a course in Bergen, Norway
in Basic Body Movements, BBAM. This method represents a health-oriented and
person-centred approach, focusing on movement awareness, movement quality and
movement function in daily life. It includes reliable and valid assessment tools for
evaluating clinical outcome. BBAM is used in multiple clinical settings, in
physiotherapy in mental health, primary health care, pain rehabilitation, in health
promotion and preventive health care; it includes individual and group therapeutic
settings. The professor, an old lady, was very strict and the culture was to look upon
her as the master. I remembered that I got the bad eye from her when I was using
my laptop during her theoretical lectures since that was said to distort my attention,
but many girls in the class were knitting and that was ok – since that was said to be
done automatically and as such not interfering with the ability to be attentive. I
reflected on the different perspectives and cultures on technologies, activities and
attention between this setting in Bergen and my everyday setting at KTH,
Stockholm. The title of my licentiate thesis is ‘There’s more to movement than
meets the eye’. Here I continue to explore and search for traces of movements or

physical activity in everyday settings. I reflect on how movements are somewhat
hidden in everyday settings but then again things can happen that make them stand
out, be encouraged and strengthened.
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1

1 Introduction
Movements catch our eyes. There is something about movements that moves us.
From the first crawling attempts, the first step, the first more or less successful ride
on a bike, our parents, siblings, or others support and cheer our achievements.
Humans are skilled at recognizing a familiar person from a distance by a sheer look
at his or her walking patterns or posture. When watching movements in sports, as
spectators, we sometimes co-move. In theatre, movements underline the spoken
dialogue, not to mention dance, mime, or magicians, where movements have a
leading role. A magician uses movement skills to provide illusions or tricks that
make us perceive movements in a way different from what is actually happening—
the movement skills of a successful deceiver. On a general level, movement is a
central component of lived life—almost everything moves (on a micro or macro
level), and thereby the situation changes, the now is transformed to just now, even
before we have a chance to grasp all the props and their relation to each other in the
now-situation.
Human movement is fascinating and well examined, researched and described in
sports, arts, theatre, and in human development—but what about movements in
everyday activities performed in settings such as work, school, university, or at an
eldercare unit? Movements and traces of movements in these kinds of settings may
be seen as everyday or ordinary movements, and as such they risk, to a greater or
minor degree, being overlooked. The dance researcher Abigail Sebaly states, in her
article in the online magazine Walker from August 14, 2012 ‘…we are constantly
making new movement traces in our everyday lives, physical footprints of our own
actions and movements. These traces are such an ordinary part of our existence that we
may overlook them’ (Sebaly, 2012).
Through four explorative cases, which are the empirical material, this thesis
examines different everyday settings from a perspective of physical activity. In other
words this research has been exploring traces of movement and in the same time
been participating in making and leaving traces of movements.

2

1.1

Research Objectives

The aim of this research on a general level is to explore and design for human
movements or physical activities in examples of everyday settings. The aim is to
generate knowledge that theoretically and methodologically contributes to the
building of the body of knowledge within the domain of Human Computer
Interaction (HCI) and Interaction Design (IxD) about physical activity in an
everyday context.
The rationale for taking the physical activity perspective is that the locomotive
system seems weak in opportunities to speak for itself, until the results of a
sedentary and inactive lifestyle are communicated through or resulting in diseases.
Put in a Participatory Design (PD) perspective, the body affected by a design
should have a say in that design process.
Ehn (2008) describe how ‘Participatory design started from the simple standpoint that
those affected by a design should have a say in the design process. This was a political
conviction not expecting consensus, but also controversies and conflicts around an
emerging design object. Hence, participatory design sided with resource weak
stakeholders (e.g. local trade unions), and developed project strategies for their effective
and legitimate participation’ (p. 94).
I have approached and explored the different settings from this perspective on PD
and in some cases from research-through-design (RtD) perspective (Zimmerman, et
al., 2010; Gaver, 2012). Apart from that, in all cases I have been guided by a mix of
the participants’ expressed desire for change, related research literature, and my own
interest. Relating to Latour’s writings on matters of concern (Latour, 2008), where
he describes that ‘A matter of concern is what happens to a matter of fact when you
add to it its whole scenography, much like you would do by shifting your attention
from the stage to the whole machinery of a theatre’ (p. 39). I frame the focus of this
research as both a matter of facts and a matter of concern. The matter of facts
relates to the knowledge explored in related research literature demonstrating that it
is a fact that we are facing health problems related to prolonged sedentary postures
and low levels of physical activity present on a societal and even pandemic level. But
how to proceed in order to alter the situation is often based on these matters of facts
as in fixing a problem. Engaging in exploring the participants’ expressed desire in
the four cases described in this thesis—the how they desire the situation to be
addressed seems far away from the how that is provided. To support the
participants’ expressed desire for how to address the defined design-space is the
matter of concern that this thesis addresses. The work in this managed only to
initiate a possible path for change—it did not manage to alter the situation. So
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many artefacts and systems have been designed without realizing that they put
people in a seated position and that they put movement capacity in the back-seat,
no longer in use—only in stand-by mode. These factors influence the way we move
and get to use our body’s potential for physical activity.
The design-space or the crosscutting common theme evolved when putting the four
explorative cases together and analysing them in relation to each other. The designspace is both answering and generating research questions. Within it is the answer
to the first research question and the formulation of the second research question as
a continuum of research question 1 to research question 2.

1.2

Research Questions

RQ1
What levels of physical activity are present in societal settings such as
eldercare units, schools, universities, and office environments?
RQ2
How can knowledge of physical activity inform the design and
development of interactive products and systems in these settings?

1.3

Delimitations

To delimit the focus in field situations does not exclude other aspects from being
present. Several things happened during the explorations that will not be described
or discussed in this thesis. To focus in this context can be described as dimming the
light on issues not in focus. Consequently, the writings may be perceived as messy
and short-handed while they try to describe a focus explored during field situations.
I will however articulate some of the perspectives that will be delimited.
I do not focus on gender or individual differences of physical ability or disability. I
do like to take the opportunity to here acknowledge that even after an accident or
due to a disability that may impair a person’s ability to be voluntarily physically
active, physical activity might still be appreciated. I have, before becoming involved
in research, worked with many different forms of disabilities and seen how severely
paralysed individuals can enjoy physical force and movement, although not able to
initiate the movement by her- or himself.
Physical activity and movement is the focus of many domains such as motor
learning, motor control, biomechanics, and anthropometry. Although these
domains are interesting and may have the potential to support the aim of this thesis,
I have approached the research described in this thesis from a mainly designoriented perspective, guided by the participants’ expressed experience of their
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current situation and their desire for change, my own interests, and related research
literature.
Computer technology may not be that visible in this thesis, although the thesis’s
contributions hope to be of use within the domain of human computer-interaction
(HCI) and interaction design (IxD). A more detailed description of computer
development, aiming to provide a trace of how the physical interaction has changed
accordingly, is included in my licentiate thesis (Tobiasson, 2011). Misa (2007) in
his article ‘Understanding ‘how computer technology has changed the world’
describes computing and its relation to the activities of daily life:
‘We need to show how developments in computing shaped major historical
transformations, that is, how the evolution of computing was consequential for the transformations in work routines, business processes, government activities, cultural
formations, and the myriad activities of daily life,’ and our narratives and analysis
should ‘show how major historical transformations shaped the evolution of computing’
(p. 56).
It might seem appropriate, as the research explore traces of movements, to objectively
measure exact levels of physical activities in the explored settings through methods
such as accelerometers and pedometers that to some extent are mainstream and
often embedded in smartphones that are frequently used. The reason for not
selecting these technologies is that I wanted to find out how the participants would
describe their experience of physical activity in these settings relying mainly on their
own body. I was aiming at methods that provided opportunities for the participants
to explore, discuss, and communicate their experience of physical activity in their
settings.
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1.4

Thesis’ Outline

This compilation thesis is divided into 8 chapters, references not included. The
introduction outlines the design-space, objectives, and research questions. In order
to make the contours of the design-space sharper, some delimitation are described.
Although it is the readers’ choice in which order she or he prefers to approach this
material, my suggestion is to start by reading Chapter 5 describing the field
explorations.
In Chapter 2, the Background, information on physical activity and physical
literacy, is provided. They will, through the development of the argumentation in
this thesis, to some extent be transformed and form the backdrop against which
some of the empirical data will be discussed.
More frames of references, related work, and theories will be presented in Chapter
3. They are related mainly to how physical activity is approached in different
research contexts and societal settings similar to the ones explored in this thesis.
How are levels of physical activity and sedentary postures assessed, how is
promoting increased levels of physical activity and decreased levels of sedentariness
being approached, and what are the main theories used in this regard? Some of the
related work in this chapter describes how researchers within the field of HCI and
IxD discuss aspects of human movements. More related work from these domains
can be found in the appended papers (I-V).
Chapter 4—Research Approach—is an account of how I have approached the
research described in this thesis. Although, as described in chapter 3, I have
searched and used research results from public health and other related domains,
the approach has been mainly design-oriented. On a general level this research
reside under research-through-design (RtD), making use of design as a method to
go from the current situation to the (in the future – near or fare) preferred one as
described by the different participants in the explorative cases that mostly has been
carried out in field situations. On a more specific level participatory design (PD)
has been present in the making of the explorations since the focus has been on
describing and understanding user-experience as the driving force for change. I find
this design-oriented approach appropriate because it provides tools to explore and
deal with interaction situations (the now present and the preferred future) and
include aspects of both the participants and their contexts. Methods used for
generating and analysing the empirical data is included in this chapter, together
with a motivation and a reflection on these methodological choices.
Chapter 5 takes us to the field situations. Here I describe the method, the making
of the four explorative cases, with children, the elderly, students, and office workers,
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that are the empirical material on which this thesis originates and find its rationale.
Together with children, who took on the role of scientists, we explored innovations
for a sustainable future. With the elderly, I used PD to guide the way both on an
organizational level and on the individual when introducing exergames for elderly
suffering from dementia and living in an eldercare unit. How could this work for
individuals who have at least partial speech deficits? I found that the PD approach
paid attention to the different ideas and wishes expressed by the participants.
Among other ideas, the game controller was modified in collaboration with the
elderly in order to support the flow in the game. Together with students, outdoor
gym and office settings were explored from a physical activity perspective including
exploring physical movement as a sketching method. Physical movement sketching
is described in paper IV and in case 3 but can briefly be defined as making use of
physical movement as a way enhance physical movement as a tool for
communicating and to explore possible future designs. Then three different
movement probes were explored with office workers. The aim was to generate data
concerning the experience of being physically active while performing office-work
tasks.
Through the analysis of these cases, a crosscutting common conclusion and a
design-space evolved. The crosscutting common conclusion is the answer to RQ1
and the design-space were leading the way to the formalising of RQ2. The designspace can be defined as a gap. There seems to be a gap between how physical
activity is approached as described in the related research literature and the way the
participants in the four explorative cases in different ways communicate how they
would like to be physically active. RQ2 tries to deal with this design-space
supporting the preferred state as described by the participants.
The discussion in Chapter 6 tries to put together and make sense of the bits and
pieces explored within the research focus described in this thesis. The discussion led
us up to what is presented in Chapter 7, the Movement Acumen Design approach,
which is part of the thesis contribution and the answer to RQ2. Conclusions in
Chapter 8 recapture the two research questions and repeat the in previous sections
provided answers to these questions. The conclusions from the research described in
this thesis cannot directly be generalized to the larger population. They function as
a proposition to try out in other or similar settings. They are a description of the
expressed experience of the participants in the four explorative cases. The
epidemiological findings described in this thesis derive from the research literature
in related fields and serve as a source for discussion with the results from the
explorative cases. A synthesis of the results from the empirical results and results
from epidemiological and preventive research literature (Public Health) was used in
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the development of the Movement Acumen Design approach. That said, the
Movement Acumen Design approach hope to be of use, tried out and further
extended within the research domains of HCI and IxD.
To support the reader, an illustration of the research process and how the papers are
related is presented in Figure 1.

Figure 1: Time line of the research process
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2 Background
This section describes some of the positive effects of physical activity on many bodily
systems, and this is followed by a description of the notion of physical literacy.
Although these two notions will be somewhat extended, reframed, reshaped, and
repacked over the course of this thesis, they will form the backdrop of the
discussion and will be used to help understand the conclusions of this thesis. The
aim of introducing physical activity and physical literacy early in the thesis is to
provide a basic perspective that hopefully will support, frame, and provide form and
function for what will be discussed in this thesis.

2.1

Physical Activity

The predominant association correlated with physical activity in a general sense is
that this is an activity with a specific goal such as increasing muscle strength,
improving the cardiovascular endurance. Physical activity is often associated with
different types of indoor or outdoor sports activities such as alpine- or sportsclimbing, yoga, Pilates, core training, Zumba, dance, tai-chi, martial arts, jogging,
weight training, etc. Physical activity performed as a part of a competition is often
discussed in relation to different aspects of achievement such as being the best and
going the highest, deepest, longest, or any other measurable parameter. Physical
activity can be performed individually, in a group, or in pairs, and it might have a
specific target group such as athletes, youth, elderly, mothers and children, etc. It
can also be performed mainly as a social activity or with the aim of just enjoying
nature or the activity itself.
A definition of physical activity commonly used by many researchers and by the
World Health Organization (WHO) originates from the epidemiologists
Casperson, Powell and Christenson (1985). Their aim with their proposed general
definition was to enable epidemiological researchers to study, measure, and compare
results from different research studies on physical activity. Often it is their first
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sentence that is used when defining physical activity. For the discussion in the
context of this thesis, I find it useful to provide their extended definition:
‘Physical activity is defined as any bodily movement produced by skeletal muscles that
results in energy expenditure. The energy expenditure can be measured in kilocalories.
Physical activity in daily life can be categorized into occupational, sports, conditioning,
household, or other activities. Exercise is a subset of physical activity that is planned,
structured, and repetitive and has as a final or an intermediate objective the
improvement or maintenance of physical fitness. Physical fitness is a set of attributes that
are either health- or skill-related. The degree to which people have these attributes can be
measured with specific tests’ (Casperson et al., 1985, p.126).
Defining physical activity as expending energy can embrace almost anything a living
individual does. Thus, Casperson et al., (1985) provide a more detailed definition
of the sub-categories of exercise and fitness. Physical exercise can be defined as
‘planned, structured, and repetitive bodily movement done to improve or maintain one
or more components of physical fitness’. Physical fitness is defined as “a set of attributes
that people have or achieve that relates to the ability to perform physical activity.”
(Casperson et al., 1985, p.129). The authors relate these attributes to health and
skill. Being physically fit is a combination of achieved and genetically inherited
abilities to perform physical activities that require a level of cardiorespiratory and
muscular endurance, muscular strength, body composition, flexibility,
coordination, balance, and reaction time to mention a few (Casperson et al., 1985).
The effects of physical activity on the human body can also be described from a
materialistic perspective. The tissues and genetic material in the human body look
almost the same as 10,000 years ago. Most of the human bodily systems (skeletal,
muscle, metabolic, and cardiovascular) do not function in a sustainable way unless
they are stimulated by frequent physical activity (Booth et al., (2008).
2.1.1

Measuring Physical Activity

Physical activity is a complex phenomenon from a research perspective, and the
Metabolic Equivalent of Task (MET) system has been developed as a way to
measure the energy expenditures during different forms of physical activity. This
section describes how the measurement of energy expenditure in different physical
activities was developed and provides a background for understanding the results
from the literature that I will discuss in chapters to come.
Physical activity expends energy, and energy expenditure is usually expressed as the
“oxygen required per time unit based upon measurements of oxygen consumption”.
The energy expenditure can be calculated from the oxygen consumption. The MET
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system was developed to make it possible to compare data when there are
differences in the resting metabolic rate due to gender, age, and body composition.
One MET is 1 kcal/kg/hour. The ”kg” is body weight. Measured in oxygen uptake,
1 MET equals 3.5 mL oxygen/kg/min (Balke 1960), and one MET is about what is
needed for sitting quietly (Hagströmer, 2006).
Already more than 150 years ago, Smith (1861) developed and used the ratio of the
working metabolic rate in relation to the resting metabolic rate (RMR) to describe
exercise intensity. He defined the value of 1.0 for lying down and a value of 3.0 for
walking at a speed of 3 miles per hour. This method was used by Dill to measure
the intensity of physical labour during work. In the 1940s, Gagge, Burton, and
Bazett introduced the MET as a way to describe resting heat production (i.e. the
metabolism of a subject resting in a sitting position under conditions of thermal
comfort). These researchers were studying sweating in relation to clothing material
and the environment and the reason for proposing the MET was to provide a
unifying concept for the three groups interested in thermal exchange of the human
body—heating engineers, physicians, and physiologists. They defined one MET as
50 calories per hour per square meter of the surface of the individual, 50 cal/m2/h
(Gagge et al., 1941).
Kozey found that it might not be correct to use the standard MET if one is aiming
to develop individualized exercise prescriptions because the Baseline Oxygen
Consumption (which is equivalent to the RMR) varies with sex, age, height, and
body weight (Kozey et al., 2010). For clinicians and personal trainers, it might be
more appropriate to measure each individual’s RMR and to correlate this to the
individual’s energy expenditure. Howley argues that this is how energy expenditure
was calculated in the beginning, but this was never defined as MET and, therefore,
the results from this method cannot be described in METs. Howley also argues that
“corrected MET” is a misleading term, and he suggests that another term should be
developed and used when examining the exact energy expenditure on a specific
individual (Howley, 2011). Although MET is not the exact value of energy
expenditure from an individual perspective, it is good enough for defining energy
expenditure related to different physical activities. Ainsworth et al., (1993)
developed the “Compendium of Physical Activities” in the late 1980s with the aim
to provide support for epidemiological and surveillance studies when using
questionnaires to collect data about physical activities. They standardized MET
intensity values for different kinds of physical activities, and the compendium was
updated in 2000 and in 2011. They clustered activities in relation to the MET scale
as follows (Ainsworth et al., 2000 and 2011):
1–1.5 MET is sedentary behaviours
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Office and computer work. Sitting quietly with fidgeting hands.
1.6–2.9 MET is light intensity
Sitting in class, including note-taking and class discussion
3–5.9 MET is moderate intensity
Exercise with moderate effort, general cleaning, sweeping the carpet or floor, hiking
or walking at a normal pace through fields and hillsides.
6 MET and above is vigorous intensity
Tennis, shovelling, digging ditches, fighting fires.
2.1.2

Effects of physical activity on bodily systems

The positive effects of being physically active are “old news”. Even in ancient
Greece, Hippocrates and Galen understood and promoted moderate levels of
physical activity to sustain physical and mental health (Grivetti and Applegate,
1997).
Within the field of epidemiology, Jeremy Morris and colleagues published a paper
in the Lancet in 1953 where they described their findings on physical activity in
occupational settings. They found a higher incidence of coronary heart disease
among bus drivers than the conductors at the London Transport Authority, and the
associated link was the level of physical activity. The sedentary bus drivers had a
doubled risk of coronary heart disease than the more physically active conductors.
Coronary heart disease was occurring later in life and was less common and less
severe among the conductors—the more active workers—than among sedentary bus
drivers. This seminal research work became the starting point for numerous similar
studies (Morris, Heady, Raffle Roberts and Parks, 1953).
What is happening in the body when being physically active? There are effects that
are immediate during the physical activity, and there are effects that can be
measured after the activity as well as after a long period of regular physical activity.
There are different physiological effects on the body’s system and organs depending
on several factors and on how the physical activity is performed. Among these
factors are frequency (how often), duration (how long), and intensity (how hard), and
each of these can influence how the bodily system is affected or responds to the
activity (“Physical Activity in the Prevention and Treatment of Disease” Professional
Associations for Physical Activity, Sweden, 2010).
Any improvement with increased levels of physical activity is relative to the level of
fitness when the activity was initiated. An individual in poor physical condition
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improves more than an individual in good shape—at least in relative terms. The
positive effects of physical activity can bee seen already after a few weeks, but the
greater effects are seen after months to years. If the activity is stopped, the positive
effects decrease (“Physical Activity in the Prevention and Treatment of Disease”
Professional Associations for Physical Activity, Sweden, 2010).
When performing physical activity, the muscles can obtain energy from anaerobic
(without oxygen) or aerobic (with oxygen) metabolism or a mixture of the two.
What we generally describe as physical activity has both anaerobic and aerobic
components. During intense, explosive, and short physical activity (approximately 2
minutes), the main energy comes from anaerobic metabolism. The production and
tolerance of lactic acid is increased during such activities. When physical activity is
performed for longer periods of time and on a regular basis, the capacity of the
heart will increase and the number of mitochondria will increase in the muscles cells
of the active muscles.
During physical activity, breathing increases, the pulse rises, (the heart starts to beat
faster,) blood pressure increases, ventilation goes up, body temperature rises,
perfusion in the muscles and heart increases, more lactic acid is produced, and
greater amounts of adrenaline, cortisol, and growth hormones are released (Public
Health Agency of Sweden, 2010). Positive effects of physical activity can be seen on
the heart, skeletal muscles, the circulatory system (coagulation, pressure, and flow),
the immune system, the skeleton, tendons, cartilage and connective tissue (the
meniscus consists of cartilage and connective tissue at the fascia that keep the
muscles in place during muscle contraction), the lungs and gas exchange, body
composition and adipose tissue (fat), the nervous system, the gastrointestinal tract,
the liver, the skin, and the endocrine system (Public Health Agency of Sweden,
2010). Some specific health-related effects of being physically active on a regular
basis are described in more detail as follows:
Lowering the risk of all-cause mortality
Many research studies have shown similar results that a lack of physical activity is
strongly correlated with premature death regardless of age, gender, ethnicity, or
body composition (Lee & Skerrett, 2001; Nocon et al., 2008; Hu et al., 2005 and
Stamatakis et al., 2011).
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Lowering the risk for cardiovascular diseases
Being physically active will reduce the risk for stroke regardless of whether the
stroke is due to bleeding or a blood clot in the brain. Elevated blood pressure
increases the risk for stroke as does an elevated level of cholesterol, and these two
parameters are lowered through physical activity (Sallis et al., 2012; Blair et al.,
1996 and Chobanian et al., 2003).
Reducing the risk for type-2 diabetes
Sedentary activities increase the risk for developing type-2 diabetes, and being
physically active reduces this risk. Lifestyle interventions have been shown to be
more effective than medication in preventing or delaying the development of type-2
diabetes (Diabetes Prevention Program Research Group, 2002; Helmrich et al.,
1991).
Obesity and overweight
Being physically active has been shown to generate positive effects regardless of
whether the individual is obese or overweight (Do Lee et al., 1999). Nevertheless, in
order to address obesity and overweight, a combination of increased physical
activity and reduced energy intake has been shown to be the most effective.
Planning and design of entities such as diverse and density of housing, access to
open space has proven to be influential of how people choose to be active (Durand
et al., 2011).
Cancer
Physical activity is correlated with decreased the risk of some types of cancer, and
there is a strong correlation with colon and breast-cancer (Thune & Furberg,
2001). “There is convincing evidence for a beneficial effect of PA on risk of colon cancer;
probable evidence for an effect on breast and endometrial cancers; possible evidence for
cancers of the prostate, lung, and ovary; and insufficient or null evidence for most
remaining cancer sites” (Courneya & Friedenreich, 2011, p. 4).
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Psychological Health
The evidence is growing that physical activity can improve mental well being in the
general public. This is largely due to improved mood and self-perceptions, and
there is good evidence that physical activity is an effective treatment in clinical
depression and anxiety (Fox, 1999; Asmundson, et al., 2013).
Some of the conditions described above are defined as Non-Communicable
Diseases (NCDs), which are medical conditions or diseases that by definition are
non-infectious and non-transmissible among people. There is significant evidence
that a lack of physical activity along with tobacco and alcohol use and a poor diet
have led to significant increases in NCDs such as cardiovascular disease,
cerebrovascular disease (including stroke), cognitive impairment (including
different types of dementia), type-2 diabetes mellitus, obesity, breast and colon
cancer, osteoporosis, depression, and premature death (Lee et al., 2012; WHO
Global status report on non-communicable diseases, 2010).
2.1.3

The relaxing aspect of physical activity

When discussing the positive effects and values of physical activity, the “active” part
is often in focus. The relaxation that follows after a muscle contraction or (on a less
detailed level) after a session of physical activity is not as well articulated in the
literature but is still an important component in the process. The repeated cycle of
contraction and relaxation can be compared to the rhythm of waves breaking on the
shore—there is a build up of tension, then a collapse and release of the tension. In a
similar manner to the contraction and relaxation at the tissue level, the participants
in Wester-Wedmans study (2001) described that one of the rewarding things with
being physically active was the feeling of relaxation after the exercise. The
“contraction and relaxation” loop is one of the mechanisms used in the technique of
progressive muscular relaxation. Progressive muscular relaxation is a stress-relief
method were you contract specific muscles or a specific body part as strongly as
possible, hold the contraction for a short period of time, and then release the
tension (McCallie, Blum, and Hood, 2006).
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2.1.4

Recommendations for physical activity

An important question to ask is how much physical activity is sufficient to promote
health. The study of physical activity is complex and so is its relation to health.
There are factors such as heredity, lifestyles, individual attributes, and social and
physical environments that contribute to the relation between health and regular
physical activity, and this makes it difficult to provide exact levels of activity
intensity, duration, and frequency that are required to achieve different outcomes.
In 2010 the World Health Organization (WHO) published the Global
Recommendations on Physical Activity for Health. The document aims to provide
guidance for policy-makers on the dose-response relationship between physical
activity and health benefits. The document is the result of reviewing the evidence in
the literature, and the recommendations and guidelines for different age groups are
as follows:
5–17 years old
For children and young people of this age group, physical activity includes play, games,
sports, transportation, recreation, physical education, or planned exercise in the context
of family, school, and community activities. In order to improve cardiorespiratory and
muscular fitness, bone health, and cardiovascular and metabolic health biomarkers and
to reduce symptoms of anxiety and depression, the following are recommended:
1.

Children and young people aged 5–17 years old should accumulate at least 60
minutes of moderate- to vigorous-intensity physical activity daily.

2.

Physical activity in amounts greater than 60 minutes daily will provide
additional health benefits.

3.

Most daily physical activity should be aerobic. Vigorous-intensity activities
should be incorporated, including those that strengthen muscle and bone, at
least three times per week.

18–64 years old
For adults of this age group, physical activity includes recreational and leisure-time
physical activity, transportation (e.g. walking or cycling), occupational activity (i.e.
work), household chores, play, games, sports, and planned exercise in the context of daily,
family, and community activities. In order to improve cardiorespiratory and muscular
fitness and bone health and to reduce the risk of NCDs and depression, the following are
recommended:
1.

Adults aged 18–64 years should do at least 150 minutes of moderate-intensity
aerobic physical activity throughout the week or do at least 75 minutes of
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vigorous-intensity aerobic physical activity throughout the week or an
equivalent combination of moderate- and vigorous-intensity activity.
2.

Aerobic activity should be performed in bouts of at least 10 minutes duration.

3.

For additional health benefits, adults should increase their moderate-intensity
aerobic physical activity to 300 minutes per week or engage in 150 minutes of
vigorous-intensity aerobic physical activity per week or an equivalent
combination of moderate- and vigorous-intensity activity.

4.

Muscle-strengthening activities should be performed involving the major
muscle groups on two or more days a week.

65 years old and above
For adults of this age group, physical activity includes recreational or leisure-time
physical activity, transportation (e.g. walking or cycling), occupational activity (if the
person is still engaged in work), household chores, play, games, sports, and planned
exercise in the context of daily, family, and community activities. In order to improve
cardiorespiratory and muscular fitness and bone and functional health and to reduce the
risk of NCDs, depression, and cognitive decline, the following are recommended:
1.

Adults aged 65 years and above should engage in at least 150 minutes of
moderate-intensity aerobic physical activity throughout the week or do at least
75 minutes of vigorous-intensity aerobic physical activity throughout the week
or an equivalent combination of moderate- and vigorous-intensity activity.

2.

Aerobic activity should be performed in bouts of at least 10 minutes duration.

3.

For additional health benefits, adults aged 65 years and above should increase
their moderate-intensity aerobic physical activity to 300 minutes per week or
engage in 150 minutes of vigorous-intensity aerobic physical activity per week
or an equivalent combination of moderate and vigorous-intensity activity.

4.

Adults of this age group with poor mobility should perform physical activity to
enhance balance and prevent falls on three or more days per week.

5.

Muscle-strengthening activities should be done involving major muscle groups
on two or more days a week.

When adults of this age group cannot perform the recommended amounts of physical
activity due to health conditions, they should be as physically active as their abilities and
conditions allow (WHO, Global recommendations on physical activity for health, 2010)
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2.1.5

Trends in physical activity

Since 2006, a globally disseminated electronic survey on fitness trends has been
collecting information from commercial for-profit fitness clubs, clinical and medical
fitness programs, corporate wellness programs, and community non-profit fitness
programs about trends (long-term developments or changes in behaviour) and fads
(“fashion-like” methods done with great enthusiasm for a short period of time) with
regard to physical activity. In 2014, the High-Intensity Interval Training program
took over the number one spot on the list of 20 trends and fads compiled from the
results of this survey. This replaced the Educated, Certified, and Experienced
Fitness Professionals program that had held that position since 2008 and now
appears at number three behind Body Weight Training. Although health and
fitness professionals have seen increased injury rates using High-Intensity Interval
Training, this form of exercise is popular in gyms all over the world. Strength
training is fourth on the list. Since the beginning of the trends survey in 2006,
strength training has been popular and has been used both within healthcare (for
cardiovascular, pulmonary, and metabolic disease treatment) and in fitness
programs for all age groups. In the fitness sector, it is mainly used to augment or
maintain strength. Fitness Programs for Older Adults is ranked as number seven
and addresses both the frail elderly and the athletic old, both of which are target
groups that have been high on the list for several years. Children and Exercise for
the Treatment/Prevention of Obesity is number eleven on the list, but it had been
number five in every survey from 2007 to now. Number twelve on the list is the
Worksite Health Promotion that aims is to evaluate health, health costs, and
productivity using both in-house and externally situated activities (Thompson,
2013).
2.1.6

Assessing physical activity

Studies on physical activity and its relation to health are often performed within
epidemiology (population studies) or exercise science (experimental studies), and
body movements are often assessed through the study of behaviour or the energy
cost of that behaviour.
Behaviour can be measured directly through observation, motion detectors, and
sensing systems or indirectly through self-reporting questionnaires. The most
developed and widely used instrument for indirect measurements is the
International Physical Activity Questionnaire (IPAQ). IPAQ measures healthrelated physical activity (IPAQ 2011). IPAQ is a seven-day follow-up on performed
physical activity. There are two versions, a short seven-item version and a long
version with 27 items. IPAQ measures moderate to vigorous-intensity activities,
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including walking during work, household chores, leisure activities, and transport.
It also measures sedentary time and thus provides data on inactivity. Both versions
have been tested in several countries in different settings to enhance the validity and
reliability of the instrument (Kim & al. 2012; van der Ploeg & al. 2010).
Direct measurement of physical activity – pedometer, accelerometer
A pedometer measures the length and number of steps, and the output is usually in
the form of the total number of steps taken during the day. The intensity and
duration of activity are not calculated and no other activities are included.
Pedometers are simple to use and inexpensive and there are many variations on the
market. They have become popular devices at workplaces trying to promote
physical activity through competitions, and they are also used in intervention
studies (Heath & al. 2012).
An accelerometer measures acceleration, and modern versions are capable of
measuring acceleration in three axes along with the gravitational acceleration. This
allows for a detection of posture such as sitting or standing. Accelerometers can
detect and measure the intensity, the duration, and frequency of the physical
activity (Trost & al., 2011).
Technologies such as pedometers and accelerometers are common features in
smartphones. Researchers are currently evaluating the accuracy and design of these
devices for use in healthcare to monitor patients at a distance and to collect and
evaluate data on the individual’s level of activity during the day (Rabin & Bock,
2011).

2.2

Physical literacy

By practising physical activities or by being active from a physical movement
perspective, one can enhance and build one’s physical literacy. Being physically
literate provides one with confidence in ones own physical ability and allows them
to feel secure in trusting their ability to move. Physical literacy is the ability to
capitalise on one’s embodied dimension. The notion of physical literacy originates
from phenomenology or, more specifically, the perspective that humans are
embodied through their actions (Whitehead, 2010).
Margaret Whitehead, Professor at the University of Liverpool, Department of
Public Health and Policy, England, and Head of the WHO Collaborating Centre
for Policy Research on the Social Determinants of Health, has initiated and
promoted the concept of physical literacy as a resource for wellbeing across all ages
of life. She sees it as a “repertoire of movement skills, a bank of movement competences”
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(p.53) and describes physical literacy within the notion of fundamental movement
skills (Whitehead, 2010). The concept of physical literacy is in use and under
constant development in many countries. Whitehead (2007) describe her definition
and vision of physical literacy as follows:
A. Physical literacy can be described as the ability and motivation to capitalise on our
motile potential to make a significant contribution to the quality of life. As humans we
all exhibit this potential; however, its specific expression will be particular to the culture
in which we live and the motile capacities with which we are endowed.
B. An individual who is physically literate moves with poise, economy and confidence in
a wide variety of physically challenging situations. Furthermore the individual is
perceptive in ‘reading’ all aspects of the physical environment, anticipating movement
needs or possibilities and responding appropriately to these, with intelligence and
imagination.
C. A physically literate individual has a well-established sense of self as embodied in the
world. This, together with an articulate interaction with the environment, engenders
positive self-esteem and self-confidence. Furthermore, sensitivity to and awareness of our
embodied capacities leads to fluent self-expression through non-verbal communication,
and to perceptive and empathetic interaction with others.
D. In addition the individual has the ability to identify and articulate the essential
qualities that influence the effectiveness of his/her own movement performance, and has
an understanding of the principles of embodied health, with respect to basic aspects such
as exercise, sleep and nutrition (Withhead, 2007, p. 287-288).
Whitehead has continued to develop and refine the definition. On the website
http://www.physicalliteracy.org.uk/ she provides an updated definition dated July
2013. The definition is as follows:
“As appropriate to each individual's endowment, physical literacy can be described as a
disposition to capitalize on the human embodied capability, wherein the individual has:
the motivation, confidence, physical competence, knowledge and understanding to value
and take responsibility for maintaining purposeful physical pursuits/activities throughout
the life-course.” (Whitehead, July, 2013)
Lloyd (2011) shares the general ideas developed by Whitehead but questions if the
word ‘literacy’ as Whitehead uses it is the appropriate choice. From her perspective,
it risks being associated with the Cartesian divide in dualistic language in which
movements are approached by means of deconstruction and as such are taken apart
in order to be put together during a learning process aimed at sport-specific
techniques. She proposes instead “an invitation to experience the inner aesthetics”
(Lloyd, 2011 p.77). Whitehead (2004) does, Lloyd admits, address the embodied
perspective and discusses that the process of physical literacy is a step towards
furthering a sense of being interrelated with the environment. The fundamental
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notion is that the environment can initiate actions or movements (Whitehead,
2004).
The notion of physical literacy has received great attention in Canada, and there are
growing discussions and developments aiming to assess and measure physical
literacy in order to obtain objective data on the results of the programs and
activities undertaken to increase physical activity. The Canadian Assessment of
Physical Literacy (CAPL) includes the following instruments: Physical Fitness
(which measures strength, weight, waist circumference, push-ups, and a run-test),
Fundamental Movement Skills (which measures skills in jumping, kicking,
throwing, balancing, and striking), Physical Activity Behaviour (which is assessed by
wearing a pedometer for seven days), and Knowledge Questionnaire (which assesses
knowledge, awareness, and understanding of health, physical fitness, motor skills,
and physical activity preferences). National programs to enhance physical literacy
are now being assessed through this instrument (Tremblay & Lloyd, 2010).
Physical education researchers, coaches, and teachers within the field of sports and
exercise make use the notion of physical literacy. As an example, in Canada, the
Ontario Ministry of Education has described physical literacy as a desired learning
outcome within physical and health education (PHE Canada, 2010; Ontario
Ministry of Education, 2010).
In a position paper published by the association for Physical and Health Education
in Canada, Mandigo et al. (2009) aiming at bridging what they see as a gap
between sports in general and sports education they provide a working definition of
physical literacy as the following: ‘Individuals who are physically literate move with
competence and confidence in a wide variety of physical activities in multiple
environments that benefit the healthy development of the whole person. Physically
literate individuals consistently develop the motivation and ability to understand,
communicate, apply, and analyse different forms of movement. They are able to
demonstrate a variety of movements confidently, competently, creatively, and strategically
across a wide range of health-related physical activities. These skills enable individuals to
make healthy, active choices that are both beneficial to and respectful of their whole self,
others, and their environment’ (Mandigo et al., 2009, p. 6-7).
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2.3

Summary

In the broadest sense, physical activity is defined as any bodily movement produced
by skeletal muscles that result in energy expenditure. Physical activity can be
assessed during occupational, leisure, household, and transport-related physical
activities. Measuring the energy expenditure has been facilitated by the
development of the MET system, where 1–1.5 MET is related to sedentary
activities such as office and computer work, 1.6–2.9 MET is light-intensity
activities such as sitting in class, taking notes, and participating in the class
discussion, 3–5.9 MET is moderate intensity activity such as general cleaning and
exergaming with moderate effort, and 6 MET or above is vigorous-intensity activity
such as tennis and digging ditches. Physical activity can also be assessed through
devices such as pedometers and accelerometers. Many bodily systems and organs are
affected in a positive way by physical activity. There is clear evidence in the research
literature on the positive effects of physical activity on preventing, postponing, and
mitigating the effects of many diseases. The WHO and many countries provide
recommendations on levels of intensity and duration of physical activity for
different age groups. In a general sense, physical activity is often associated with
different types of sports or exercise activities performed individually or in groups
such as cycling, running, strength training, and outdoor or indoor activities
involving different age groups.
The notion of physical literacy seeks to describe the benefits that performing
physical activity on a regular basis provides apart from the beneficial effects on
physical health. Being physically literate provides one with confidence in one’s
physical ability and allows a person to feel secure in trusting her/his movement
abilities. The notion of physical literacy has mostly been discussed within sports
education and related pedagogical domains and within the health and social
sciences as a means to promote physical activity. The word ‘literacy’ has been
discussed as problematic, and an alternative notion of ‘inner aesthetics’ has been
proposed. Despite the debate on what terminology to use, the aim of finding ways
to express how physical activity relates the individual to her/his environment is a
common theme.
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3 Frame of references related work, concepts and theories
With the knowledge described as a background in the previous chapter, about the
positive effects of being physically active and how physical activity provides
opportunities for supporting the development of physical literacy, I will in this
chapter start by providing research results from a worldwide study showing that
many ages-groups in several countries does not reach recommend levels of physical
activity. The chapter will also describe how promoting physical activity and
addressing sedentary postures has been approached from different perspectives and
for different ages-groups, age groups similar to the ones in the four settings of
explorations, the main empirical material in this thesis. This chapter is a
walkthrough of related research results, concepts and theories that will reappear and
be discussed in relation to my research questions and results in the discussion
chapter, where my research to some degree resonates, to some degree disagree and
to some degree extend.
The research presented in this chapter is a selection of what I found to be the most
relevant work in the literature related to the two research questions. Although the
positive relation between physical activity and health and wellbeing has been
evident for decades, the results of recent studies confirm this positive relationship
and have a strong validity and reliability due to development of better tools for
assessing and analysing the effects of physical activity. The research results described
here are mostly from recently published work from 2009 to 2014. Research related
to the more detailed scope of my appended papers can be found in the reference
lists of the five papers that this thesis is based upon.
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3.1

Looking out for physical activity

Hallal et al., (2012) analysed the WHO global health observatory data repository
for 2011 and the WHO school-based student health survey from 2011 and
extracted data from various research databases. Part of the data included selfreported material from 122 countries and covered 88.9% of the world’s population.
They state that in the past decade the ability to generate valid data of such a
complex issue as the measurement of physical activity has been made possible
through the well-validated IPAQ instrument. This questionnaire has been used as
the basis for the Global Physical Activity Questionnaire (GPAQ). Standardised
instruments that measure total physical activity (including leisure, occupational
time, housework, and transportation) have made it possible to see that the old
image suggesting that people in countries with high income were more active than
people in countries with low income is the wrong way around. Earlier studies
mostly reported on physical activity performed during leisure time.
The analysis was made possible through the development of the MET system
(described in the section on Physical Activity). Their results showed that 31.1% of
adults (15 years or older) worldwide are physically inactive. For adolescents (13–15
years old) the figure is 80.3%. In their article they provide a figure demonstrating
adults levels of physical activity divided among men and women and countries.
Inactivity was defined as not meeting 30 minutes of moderate-intensity physical
activity for not less than 5 days per week, 20 minutes of vigorous-intensity physical
activity for not less than 3 days per week or an combination that reaches 600 MET
per week. For 13–15 year olds, this means engaging in less than 60 min of physical
activity of moderate to vigorous intensity per day. In this age-group boys are more
active than girls as seen from the proportion of the 80.3% inactive adolescents for
boys were present in 56 of 105 reporting countries and for girls present in 100 of
105 countries. Meeting the recommendations does not provide any guarantees of
good health, but it does reduce the risk of developing NCD (Hallal et al., 2012).
Hallal et al., (2012) argue for a translation of knowledge into action, and they have
found that people living in the 21st century are experiencing societal trends of
decreasing levels of physical activity and that approaches to date have not been able
to change this situation. They state, “The traditional public health approach based on
evidence and exhortation has – to some extent – been unsuccessful so far. With few
exceptions, health professionals have been unable to mobilise governments and
populations to take physical inactivity sufficiently seriously as a public health issue.”
(Hallal et al., 2012, p.254).
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They conclude their article with a call for action: “…governments, policy makers, and
the research community should help to build societies in which the choice of being
physically active is not only healthy, but also convenient, enjoyable, safe, affordable, and
valued.” (Hallal et al., 2012, p.254).
Craig et al. (2012) have come to the same conclusion that the approach needs to go
beyond behavioural science and beyond a focus on the individual level. They
propose a systematic approach at the population level and adopting a focus that
includes all of the complex correlates of physical inactivity. They define the
situation as pandemic and mention that epidemiology, exercise and sports science,
behavioural science, and environmental health science are among the disciplines
that are trying to address the problem area. They show concern for the development
in low to middle-income countries in ways that affect physical activity: “…building
of inter-sectorial action is particularly needed in countries with low-to-middle incomes,
where the unintended consequences of development might negatively affect transportrelated, household, and occupational physical activity”. (Craig et al., 2012, p. 294)
In April 2013, a meeting was convened by the International Olympic Committee
to bring together experts from sports and exercise medicine, public health, clinical
epidemiology, design thinking, industry leadership, advocacy, exercise science,
reliability and reproducibility of biomedical evidence, social marketing, education,
technology, and lifestyle behaviour interventions to discuss and develop a consensus
action plan for the prevention and management of NCDs. They reported figures
from, among others, Norway, the US, and the UK where 20%, 8.2%, and 5% of
the population, respectively, reaches the recommended levels of physical activity.
Because low levels of physical activity are correlated with increased risks for
developing NCDs, they chose the promotion of physical activity as the focus for
their actions to prevent and manage NCDs and the risk for NCDs. In the Global
status report, the WHO reports that about 60% of all deaths and more than 40%
of premature deaths are related to NCDs (WHO, 2011). Matheson et al., (2013)
suggested that the following steps be taken: ‘(1) Focus on behavioural change as the
core component of all clinical programmes for the prevention and management of
chronic disease. (2) Establish actual centres to design, implement, study and improve
preventive programmes for chronic disease. (3) Use human-centred design in the creation
of prevention programmes with an inclination to action, rapid prototyping and multiple
iterations. (4) Extend the knowledge and skills of Sports and Exercise Medicine (SEM)
professionals to build new programmes for the prevention and treatment of chronic
disease focused on physical activity, diet and lifestyle. (5) Mobilise resources and leverage
networks to scale and distribute programmes of prevention’ (Matheson et al., 2013, p.
3).
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They show concern that prevention is caught between healthcare and policy makers
asking each other to take action. They also point out that research has provided
evidence for the relation between low levels of physical activity and sedentary
behaviour and an increased risk for NCDs, but the actions taken so far have not
been successful in mitigating the steady rise in NCDs. The evidence has mainly
been disseminated as position statements and recommendations through national
physical activity policies, guidelines, and action plans and as such they do not
provide sufficient motivation for implementing the recommendations. And even if
they are implemented, there is no guarantee that these recommendations will lead
to a change in overall trends. Instead, they suggest collaboration with the design
community, or more specifically, the human-centred design approach. They reflect
on the possibilities for re-engineering the environment and discuss ‘nudges’ or
choice architecture as an example to support and encourage people to change their
behaviour. Because incorporation of choice architecture requires system-wide
strategies and huge amounts of effort, the authors turn to discuss what is already at
hand and available in many smartphones referring to different tracking technologies such as
pedometers and the possibilities embedded in these persuasive technologies to guide and
support healthy choices such as augmented levels of physical activity (Matheson et al.,

2013).
Straker and Mathiassen (2009), coming from the field of physiotherapy and
musculoskeletal research, discuss whether it might be appropriate to start designing
for increased workload in many modern work situations stating that “the traditional
physical ergonomics paradigm of reducing risk by reducing physical loads (‘less is better’)
is not appropriate for many modern occupations” (Straker & Mathiassen, 2009, p.
1215). They continue “…one may need to return some activities, putting high
demands on neuromuscular and cardiovascular systems, which prior ergonomists and
engineers took out of people’s work. Changes to work could be at an equipment level (e.g.
sit/stand tables, moving the printer to the second floor), task level (e.g. including physical
work as a work task, mixing available ‘heavy’ tasks among the employees) or
organizational level (e.g. physical activity campaigns, organizational culture changes)”
(Straker & Mathiassen, 2009, p. 1221). They describe how work domains that used
to be physically demanding, such as forestry had been reduced by the late 90s to
requiring only 5% of maximal muscular capacity. They suggest a shift from only
focusing on avoiding harm to promoting health, thus different theories and
approaches are necessary.
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3.2

Traces of movement – Sedentary postures are
ubiquitous

Many activities experience reduced muscle force and variation when they are
performed in seated positions, and prolonged sedentary postures increase the risk
for negative health consequences. Healy et al (2011) were the first to present
population-representative findings on prolonged sedentary behaviour and its
association with cardio-metabolic and inflammatory biomarkers. High levels of
these biomarkers are associated with cardiovascular disease, which is the leading risk
for premature death in the US. They described how sedentary behaviour is
ubiquitous in many developed economies and suggested that clinicians and
preventive health care units recommend reducing and breaking up sedentary time
because such behaviour might decrease the risk for cardiovascular disease. Sedentary
behaviour is a unique risk factor. Although low levels of physical activity are a risk
factor for cardiovascular disease, sedentary behaviour and physical activity appear to
be independent of each other. Meeting the recommended levels of physical activity
but still being sedentary maintains the individual’s risk for cardiovascular disease.
Van der Ploeg et al., (2012) analysed the data from a prospective cohort study in
Australia and focused on the dose-response relation between total time sitting and
all-cause mortality. They found no differences between men and women. They
discuss how the negative effects of prolonged sitting seem to be due to metabolic
and vascular issues: “Prolonged sitting is a risk factor for all cause mortality,
independent of physical activity. Public health programs should focus on reducing sitting
time in addition to increasing physical activity levels” (van der Ploeg et al., 2012, p.1).
Parry & Straker (2013) studied office workers and recorded their patterns of
sedentary behaviour during both work and non-work activities. In their study, the
participants were sedentary for 81.8% of their working hours with only a few short
breaks. They conclude, “Although office work has traditionally been considered a ‘low
risk’ occupation in terms of chronic health outcomes, it may in fact increase the risk of
mortality and cardio-metabolic disorders due to overall accumulated sedentary time and
especially sustained sedentary time at work” (Parry & Straker, 2013, p.9).
Because sedentary time is increasing in all societies, levels of non-exercise physical
activity (NEPA) are decreasing. Ekblom-Bak et al., (2014) looked at the relation
between NEPA, cardiovascular diseases, and mortality in 4,232 60-year-old Swedes
with a follow-up after 12.5 years. They found a relation between NEPA and
cardiovascular health and longevity in their group of study regardless of whether the
subject engaged in regular exercise or not.
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Research results from Sweden, the US, and Australia indicate that for many groups
of individuals 9–10 hours out of 16 hours of awake time are spent in sedentary
activities. Research has shown that being sedentary results in negative health
outcomes regardless of regular physical activity. Being sedentary has traditionally
been equated with being physically inactive and used to be defined as an individual
not reaching the recommended levels of physical activity. Recent research results
have started to see sedentary and physical activity as separate notions. Reaching the
recommended levels of physical activity for your specific age group but other than
that being sedentary much of the time has been proven to result in negative health
and well-being outcomes. Sedentary activities use about 1.5 MET and do not
involve muscle contractions to any great extent, in particular the standing muscles
and the quadriceps are inactive. It is worth mentioning that the total activity
counts. One individual might be regularly physically active but during work hours
be mostly sedentary and another individual might have a physically active job but
not participate in regular physical activities. Prolonged sedentary activities should be
addressed as a separate risk factor for health problems, and it is hard to compensate
for the sedentary time even when being physically active on a regular basis
(Ekblom-Bak 2013).
Leg-stretching during TV-commercials at home, getting up for a cup of coffee or a
glass of water, installing intermission programs at the computer at work, talking or
taking a walk with a colleague, and trying to reduce time spent in front of screens
are suggested activities (Ekblom Bak, 2013).

3.3

Physical activity on prescription

Within the healthcare domain, professionals such as general practitioners, nurses,
physiotherapists, and health instructors have many opportunities to address issues
about sedentary lifestyles and low levels of physical activity. They use different
information materials, coaching dialogues, step-counters, activity diaries, and
physical activity on prescription (FaR®). From 2008, all counties in Sweden have
adopted the FaR approach, and there are initiatives equivalent to FaR in all the
Nordic countries (Hellénius and Sundberg, 2011). Prescriptions are generally
associated with some sort of pills or assistive technology. To extend the scope and
provide physical activity as a prescription has many advantages. Physical activity is
addressed as a central component for staying healthy and taking action toward
recovering after disease or injury. With FaR, one receives a detailed dosage of
physical activity and access to individual or group activities. FaR is also said to build
knowledge, skills, and routines both for the individual and the healthcare
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organization. FaR makes it easier to make physical activity a regular habit whereas a
pill is often something taken for a certain period of time and will do little to
support long-term behavioural change of physical activity habits.
Although there is clear evidence in the research literature for the positive effects of
physical activity on many conditions, prescribing FaR has not yet been fully
successful. The reason for this has been related to the fact that education for
physicians has focused on pharmaceuticals and little focus has been placed on how
to implement and administrate physical activity as a prescription on equal footings
as a prescription for medicaments. According to a study by Persson et al., (2013)
general practitioners think that FaR should be addressed by someone else within the
healthcare system. Nurses report that they found it difficult to address patients with
questions about physical activity and that they would rather hand those issues over
to the physiotherapists and the general practitioners. Ekblom Bak (2013) describes
how physiotherapists are used to addressing sedentary behaviour from a
musculoskeletal perspective but how they have also started to address the problem
from a circulatory and metabolic perspective. Health instructors employed or
contracted by large companies report that dialogue is one of their most important
tools, and they see it as crucial that the whole organization focus on health and wellbeing in order to achieve the goal of augmenting levels of physical activity in the
organization. A policy that is developed and implemented at all levels of the
organization is important for success of such as goal (Ekblom Bak, 2013).

3.4

Physical activity and dementia

Dementia is a general term for many diseases caused by damage and or changes to
the brain that lead to neuron death and vascular-related damage to the white matter
(Prince et al., 2013). Having dementia decreases the individual’s ability to handle
situations that include reasoning, communication, and spatiotemporal orientation.
To execute and to perform intended actions becomes more difficult. The physical
ability is there, but coordination of intentions and actions is impaired. The person
suffering from dementia might seem restless and frustrated (Van Haitsma et al.,
2013).
Physical activity has been studied in relation to dementia. Bowes et al., (2013)
performed a literature review and conducted a survey and interviews to explore
physical activity among people suffering from dementia. They discussed difficulties
in such an approach because both physical activity and dementia are complex
phenomena. Nevertheless, they concluded that there are “strong indications of
benefits in terms of well-being and quality of life, and in terms of physical benefits such

30

as improved balance (preventing falls), and grip strength (supporting independence in
ADLs)” (Bowes et al., 2013, p. 9).
Potter et al., (2011) performed a literature review where they included studies
longer than 12 weeks. They found that physical function such as walking ability
and the ability to rise up from a chair were improved in older people diagnosed
with dementia by physical activity interventions. It appears that higher intensity
exercise is more effective when it includes lower limb strengthening.
Bellardini & Tonkonogi (2013) found several reasons to promote strength (or
resistance) training for the elderly and for people suffering from dementia. Strength
training not only increases muscular strength and fights muscular hypertrophy, but
it also provides significant cardiovascular benefits due to the fact that it lowers
blood pressure. Strength training reduces the risk of osteoporosis and maintains
bone density by regulating bone maintenance, stimulating bone formation, and
improving balance. To help prevent or lower the risk of fractures, dynamic exercises
with heavy weights for short durations and with long periods of rest between the
sessions (at least 6–8 hours) as well as using alternative movements that the body is
not accustomed to have proven useful. Walking, jogging, swimming, and similar
activities do not meet the criteria for preventing osteoporosis. Bellardini &
Tonkonogi (2013) have found that physical strength seems to be one of the factors
that have a protective effect with respect to risk of developing dementia. Finally,
strength training if performed as a group activity has the potential to promote social
interactions, and this is important because low frequency of social activities has
been found to be associated with a more rapid rate of motor function decline.
Korhonen (2010) has studied athletes for many years and followed them as they
have aged and he states:
‘[I]t appears that the rapid decline in strength seen in older people is, in large part, due
to reduction in specific exercise stimulus rather than aging per se. Although our findings
are not directly applicable to untrained people, they tend to favour the view that, to
minimize the effect of aging on neuromuscular performance, optimal overall physical
training might require actions that impose explosive-type overload to muscle’ (Korhonen
2010, p. 211).
When testing the explosive strength (the ability to produce maximum force under
the shortest possible time) the elderly athletes had the non-athletic 40 years old test
subjects. Korhonen (2010) discusses how explosive strength may play a role in fallprevention.
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3.5

Addressing sedentariness in schools and
universities

Turning to ages groups similar to the once explored in case 1 and case 3, Tremblay
et al., (2011) found correlations between sedentary behaviour and health indicators
among children and youth aged 5–17 years in their systematic review that included
over 200 studies and over 900,000 participants. They defined sedentary behaviour
as less or equal to 1.5 METS, and most of the included studies focused on TV
watching. ‘Watching TV for more than 2 hours per day was associated with
unfavourable body composition, decreased fitness, lowered scores for self-esteem and prosocial behaviour and decreased academic achievement’ (Tremblay et al., 2011, p. 1).
Although they found the threshold to be 2 hours, they discuss how this timeframe
might be biased because the methods of measurement were indirect and mostly
focused on watching TV. The authors discuss how computer games, mode of
transportation, and other activities add to the amount of time spent in sedentary
positions for the studied age groups. They propose that ‘children and youth should
try to minimize the time they spend engaging in other sedentary pursuits throughout the
day (e.g. playing video games, using the computer for non-school work or prolonged
sitting)’ (p. 16). They discuss that from a public health perspective it might be easier
to focus on a reduction of sedentary behaviour as a start instead of trying to
promote physical activity. There is no need for special equipment or changing
clothes and there is little economic impact on the individual.
Tremblay et al., (2011) describe how the negative effects on body composition,
fitness, and self-esteem from sedentary behaviour can be found already in children
aged 5 to 17 years, and that this is a motivating factor for strong action.
A study by Martinez-Gomez et al., (2011) on adolescents (12.5–17.5 years old)
from nine different European countries shows correlations between excessive
sedentary time and low cardiorespiratory fitness. Boys were more active than girls
and did not show the same correlation. The correlations among girls were
attenuated if the girls were motivated to meet the recommended levels of physical
activity of about 60 minutes of moderate to vigorous physical activity per day. The
strongest correlation in sedentary behaviour among children has been found with
being overweight. Researchers discuss in prospective terms that sedentary behaviour
might follow children as they grow up, and the negative effects of such behaviour
might manifest themselves later on in life. At these early ages, NCDs have not been
established.
Poole et al. (2011) explored ways to enhance physical activity through a schoolbased intervention using ubicomp. They evaluated a pedometer-based game with a
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web-based interface where the school children could see and compare results
between schools presented as a car race. When turning to the literature for support
in how to approach school-based ubicomp deployments, they found that little work
had been reported. In their work they discovered how the design of the school
“regulates students’ daily lives”, and this inspired them to approach the school as a
social institution.
Ciccarelli et al., (2011) addressed the concerns that school children interacting with
ICT are at risk for musculoskeletal health problems related to lack of variation both
in posture and in muscle activity. By quantifying postures and muscle activity in the
upper part of the body for different tasks using different technologies, they found
that paper-based (old ICT) tasks provide more variable postures and that tasks that
did not include any type of ICT (old or new) provided more variation in muscle
activity. They could not determine a relation between the degree of postural and
muscle activity variation and a reduced risk of musculoskeletal health problem, but
they suggest that combining old and new ICT tasks might lead to increased
variation.

3.6

Addressing sedentariness in office settings

Straker et al. (2013) studied the effects of using sit-stand desks and providing
information about the importance of variation in posture and regular breaks at callcentres in Sweden. Sedentary postures were common in the call-centres, and some
of the operators recorded sedentary positions for 95% of their work shifts. They
found a relation with reduced sedentary time and the use of sit-stand desks, but
they did not find any reduction in sedentary behaviour due to the information
about ergonomics.
Elmer & Martin (2014) studied energy expenditure in an office environment by
introducing and evaluating a cycling workstation. They report how the station
increased levels of physical activity and energy expenditure. Their participants
engaged in cycling while typing, but they describe design issues such as the height
of the desk being problematic in relation to space for the movement of the legs and
in relation to the shoulders and arms when typing.
Koepp et al., (2013) evaluated the use of a treadmill workstation for one year. They
found deceased weight and a maintained level of productivity among their
participants. They discuss how the ‘modern workplace fosters sedentariness’ (Koepp et
al., 2014, p.705) and argue for a reengineering of workplaces to cater for increased
levels of physical activity and decreased sedentariness.
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Fatemeh and Wiberg (2013) have looked at the history of workplace design to
describe the development of the many sedentary and physically inactive work
situations that exist today. They describe how technological developments over the
last 70 years have gradually unburdened the individual from physically active
interactions during the performance of their job. They provide examples from the
introduction of ICT at workplaces during the 80s and 90s where ergonomics
researchers provided a layout or a work-plan that would minimize the individual
worker’s use of strength and movement while performing their work tasks. They are
questioning some of the attempt of current attempt to remedy sedentary postures at
office-work settings. This is described as; ‘In keeping the tasks defining the work intact
and only adding the treadmill under the desk the result is a multitasking worker who
compensate for a work design which is still about inactivity and with the only difference
that exercise is carried out in parallel to work, but not as a necessary part of work’.
(Fatemeh & Wiberg, 2013, p. 1014).
Their attempt to remedy the situation is to make use of a concept-driven design
approach in a multidisciplinary team—including experts in informatics, medicine,
and architecture—that aims to redesign workplaces. Their initial result is the design
of a Personal Information (PI) system.
Li, Dey and Forlizzi (2011) investigated the design of PI systems and how this
technology should be designed to support the user’s preferences. People can use PI
to monitor, control, support, reflect upon, and motivate behavioural changes. They
identified the following six types of issues to which people address their data: Status,
History, Goals, Discrepancies, Context, and Factors. Although these issues are at
focus during different phases, they are most frequently at focus during the discovery
and maintenance phase. In this work, the authors explored ways to understand the
needs for self-reflection and how this can be supported by PI technology.
Bartley et al., (2013) developed the “World of Workout”, an exercise game-system
on smartphones that makes use of integrated sensor technologies. They included
several different ways of providing feedback and the ability for the user to design an
avatar that changes according to the level of exercise performed. They state that
feedback is of great importance for physical exercise to become a regular activity.

3.7

Products that disappear into the cloud leave us
empty-handed

Djajadiningrat, et al., (2007) explore the role of movement in tangible interactions
from a perceptual-motor point of view. They argue that there has been a neglect of
the “centrality of our bodily engagement in the world”, and they claim that many
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technologies ‘deny us the opportunity of building bodily skill’ (p. 657). Through a
movement-focused interaction style, they aim to improve the usability of products
and to provide more aesthetically rewarding experiences from interacting with
products:
‘Many products—for example, cameras, radios and phones—share a common historical
pattern of development. Some aspects of this pattern are clear: functions proliferate,
products become smaller and more mobile, and electronics and computing are added.
Other aspects are perhaps less obvious: interaction becomes less physical and form and
configuration become less expressive’. (p. 660)
‘The repertoire of actions has become very narrow: the only action required is pushing.
Movements have become very precise and take place at a finger level rather than a hand,
arm or body level. Feedback is nearly all visual and provided by displays’. (p. 660)
Van Campenhout et al., (2013) discuss how products—and thus the manner in
which consumers interact with them—have changed and become dematerialized;
they have disappeared from the physical world and are now represented in the
digital world. Their description of dematerialization is that it occurs when products
break loose from their physical limitations and become free and intangible. To
some extent, digital content no longer needs to be carried and thus it can flow
through networks and can be downloaded onto devices. Networks are taking over
the holding and carrying tasks that used to include physical activity. They discuss
the benefits and drawbacks of this development and use examples such as money,
books, photographs, and music. They describe how information in the digital world
has no shape and, therefore, it is not possible to be perceived by the human senses
as such but needs to be mediated or displayed through the shape and material of
something else.

3.8

Theories

In this section some theories used or developed in research that focuses on the
interactions and relationships between humans and the activity, technology,
environment or setting that are at focus, will be described.
In her article “Interaction Design Gone Wild: Striving for Wild Theory”, Rogers
(2011) discusses how HCI and IxD moved into what was defined as “beyond the
desktop”. Rogers describes how the desktop paradigm was abandoned in order to
focus on how to “design for people”. According to Rogers, the next ‘turn’ has been
evolving due to the fact that the people who left the desk were found to be “in the
wild”. Researchers have been probing people in the wild to understand and through
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technology enhance their ordinary actions. As the focus moved away from the
desktop, the theories needed to change as well. Wild context needs wild theories.
Among other notions she discusses embodiment, felt experience, and mindfulness,
and she proposes, ‘Wild theory will become part of a design discourse rather than
formulated into a specific prediction or explanatory framework’ (Rogers, 2011, p. 62).
In the same line (theories and design methods for ‘wild and real’ settings)
Kaptelinin and Bannon (2012) provide support for extending the applicability of
IxD in helping people themselves create better environments for their work, learning,
and leisure activities (Kaptelinin & Bannon, 2012, p. 277). They propose the
conceptual foundations for IxD in order to embrace the “ecological turn” and to
include technology-enhanced activity spaces. This concept acknowledges the
integration of the physical, social, and virtual spaces that are present in any given
situation. They discuss how the “ecological turn” within the domain of HCI and
IxD originates from Gibson’s notions of affordances (a central concept in his
ecological approach describing how environments are perceived) but has since then
often been used metaphorically. They state, ‘The ‘ecological turn’ in interaction design
means that the field has come to a realization that digital technologies have become an
organic part of the natural environment and should be understood and further developed
as such’ (Kaptelinin & Bannon, 2012, p. 290). Another related perspective on real
settings and peoples activities in these settings is discussed by Svanæs (2013) where
he examines, discusses and extends one of the notions of Merleau-Ponty’s analysis
of the lived body and its implications for design within HCI and IxD. With this
perspective, human interaction is embodied and because digital technology is
present in many everyday activities for many individuals, he states, ‘An
understanding of such technology consequently requires an understanding of the
physicality of its contexts of use, including the physicality of its users’ (Svanæs, 2013, p.
8:3). Applying Merleau-Ponty’s phenomenology and the concept of the lived body
to the design process should ‘allow participants to make use of their kinaesthetic
memory and creativity. Such processes also have the potential of fostering bodily empathy
with the end-user.’ (p. 8:24 Later on in the article he concludes, ‘…interaction design
for the lived body should to a large extent be done through active participation of the
lived body. The main challenge when planning interaction design projects is to allow
room for this to happen’ (Svanæs, 2013, p. 8:28).
Applying theories of behavioural change is common in research studies investigating
physical activity. There is a focus on individuals or groups of individuals both when
searching for correlating factors between physical activity and health and well-being
and when taking action to influence behavioural. Habits, physical skills, and
behaviour have been the focus of research and interventions (Faskunger, 2013).
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Interest from the HCI community to design technology for behavioural change
mainly for sustainability and health-related issues is growing as described in Hekler
et al., (2013). They discuss this issue from a theoretical perspectives and state, “The
majority of behavior change-oriented research in HCI has thus far focused on the
individual level (e.g., goal-setting, self-monitoring) or the interpersonal level (e.g., social
support, social networks), with less emphasis placed on understanding the context with
which these individual or interpersonal-level interventions are created and tested”
(Hekler et al., 2013, p. 2). They call for closer collaboration between behavioural
and HCI researchers in terms of developing both technologies and theories.
Perspectives on how to evaluate research actions or projects developing technologies
aiming for changing health-related behaviours within the context of HCI research
has been discussed in Klasnja, Consolvo & Pratt (2011). They maintain that
evaluating whether the technology manages to bring about the intended change in
behaviour is not appropriate for HCI research objectives mainly due to the fact that
behavioural change can only be said to be successful if it has endured for a long
period of time. Thus such change usually does not occur within the time limit of
HCI-oriented projects. They suggest that evaluations should target a smaller scope
than behavioural change, and they argue that a feasible scope of such research
would be to understand how the use of the technology is affected by its design.
Domains such as public health, preventive care, other related healthcare settings,
exercise, and sports have been promoting physical activity for health through both
practice and research for decades. Within these domains that study and promote
physical activity for health, the theoretical models have often been based on theories
of Behavioural Change. Two of the most commonly used models or theories are the
Transtheoretical model and the Social cognitive theory.
In the Transtheoretical model, behavioural change is a process that occurs over
time. The process goes back and forth through five different stages (precontemplation, contemplation, preparation, action, and maintenance) before reaching
the final stage, termination. At the final stage, the change of behaviour has been
manifested as a habit and is performed “automatically” and is integrated into the
choices made during everyday activities. The individual in the termination stage
will not go back to previously inactive behaviours. However, some have argued that
the termination stage is too utopian, and some have suggested that the maintenance
stage is the best that one can hope to reach (Hutchison, Breckon and Johnston,
2009). In the Social cognitive theory (SCT), behaviour with regard to physical
activity is seen as being constantly influencing—and at the same time being
influenced by—the individual’s physical and mental condition, the intensity of the
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activity or the choice of activity, and the surrounding environment (including
things like traffic, weather, and access to exercise facilities).
Self-efficacy is a central component of SCT and is often in focus while the entire
SCT approach is seldom articulated. Albert Bandura, Professor of Psychology, has
been developing the notions of self-efficacy for decades and has explored selfefficacy in relation to many other notions, among them health promotion. He
describes perceived self-efficacy as people’s confidence or beliefs that they master are
in charge of or actively influence situations and things happening that have an
impact over their lives. Levels of perceived self-efficacy will regulate and influence
behaviour, feelings, thinking and motivation. These effects are produced through or
channelled through different types of processes such as cognitive, motivational,
affective and processes of choice (Bandura, 1997).
He stresses the following four motivating factors that trigger, influence, develop,
and build self-efficacy (Bandura, 2004):
Enactive Mastery Experience: the person has previous experience with handling
or managing the situation or task under the specific set of conditions.
Vicarious Experience or Social Modelling: the person sees that someone else
has managed similar situations or tasks under similar conditions.
Verbal Persuasion: a trustworthy person says that you will do well. This is
positive and realistic feedback.
Physiological and Affective States: the person experiences the situation as
positive in a psychological way. A negative experience tends to lower self-efficacy.
Although Behavioural change models are common within research aiming at
promoting augmented levels of physical activity, approaching the problem area can
be done using perspectives that include more focus on environmental perspectives
from a multilevel basis.
In recent years socio-ecological models have gained interest and provide an alternative
to currently used theories that mainly focus on promoting physical activity through
behavioural change at the individual level (Richard et al., 2011). Socio-ecological
perspectives are multifactorial and approach the problem area from multiple levels.
They position the individual in multiple reciprocal relations with the context, a
context that has multiple, yet intertwined levels (Stokols, 1996; McLeroy et al.,
1988; Sallis et al., 2006 Moos, 1979). Equal focus is put on the environmental,
organizational, social, and communal perspectives when aiming to increase levels of
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physical activity or to reduce time spent in sedentary positions (Buchan et al.,
2012).
Socio-ecological, or sometimes referred to as social ecological models are common
and used within practice and research in many different domains and settings such
as healthcare, physical activity, nutrition, economy, sustainability, crime-prevention
and last but not least in public health (Schwartz et al., 2011; Richard et al., 2011;
Lejano & Stokols, 2013; Hukkinen, 2014; Domptail & Easdale, 2013; Matjasko et
al., 2010 and Lang, 2012). In the broadest sense, socio-ecological means ‘multilevel’ or multi-factorial’. Socio-ecological models have been promoted as being
suitable and applicable for areas of interest where there are a multitude of factors to
take into account. Within the public health domain, although many research
projects are referring to socio-ecological models, it has been discussed that the focus
is still in many cases mainly applied on one or few of the different levels described
in the models. The levels at focus are often the personal and the interpersonal levels.
To make more use of the entire model multidisciplinary teams both in research,
education and practise are proposed as a way forward (Golden & Earp, 2012).
However, a multitude of researcher among other Kenneth McLeroy (McLeroy et
al., 1988) and Daniels Stokols (Stokols, 1996) and practitioners have contributed to
the development of socio-ecological models, of which there are several variations
one researcher Urie Brefenbrenner and his lifelong research on the ecology of
Human development stands out as one of the pioneers.
Urie Bronfenbrenner, a developmental psychologist, introduced in the seventies a
conceptual model aiming at explaining how human beings and settings in the
environments in which they act and behave are interrelated and influence each
other. He further extended and developed the concept into a theory of human
development and in his publication ‘The ecology of Human Development:
Experiment by Nature and Design’ (Bronfenbrenner, 1979) he presented and
discussed the results of his research and provide a definition: “The ecology of human
development involves the scientific study of the progressive, mutual accommodation
between an active, growing human being and the changing properties of the immediate
settings in which the developing person lives, as this process is affected by relations
between these settings, and by the larger contexts within which the settings are
embedded” (Bronfenbrenner, 1979, p. 21).
His area of specific interest within the ecology of human development was child
development. He was motivated to explore other ways of conducting research than
was common at that time. He questioned the validity of lab-oriented research on
processes of development. According to Bronfenbrenner research on processes of
development should be performed in a setting familiar to the child, a context, or an
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environment in relation to people that the child was familiar with. They should not
mainly be studied in lab-situations where the child had mainly non-familiar
individuals to relate to. He argued that is was not a reliable way of conducting a
study of the process of development. He also stressed that if the study was
performed in a, for the child, familiar setting it would probably produce more
reliable results as the setting would be the ordinary environment that the child
encountered on a regular basis. At this time the environment was often referred to
as static with no related value-system. This was in his opinion not correct. He also
stated that it was also important to include more subjects present in the setting,
apart from the child at focus and the researcher if studying process of development.
He divided the relation and contextual influences on initially four different levels.
He defined these levels or systems as the micro-system, the meso-system, the exo-system
and the macro-system. The micro-system is the most proximal environment with
specific cultural related physical characteristics, where the individual may have faceto-face interaction with peers and family such as home, workplace and playground.
The meso-system includes the relations between different micro-systems in which
the individual at focus is an active member. It changes ‘in size’ when the individual
enters into new micro-systems or stops being an active part or a member of a microsystem. Finally, the macro-system is a system that is outside where the individual is
situated and thereby not actively or directly involved. The macro-system is the
ideology or the institutional system of societal or socioeconomic cultures. Examples
of macro-systems are economical, educational, legal and political systems
(Brenfenbrenner, 1979).
The early versions of his theory got criticised for not being able to make use of in
scientific inquiry, due to that it was too complex. He continued to develop and
change the theory alone and together with other researchers until his death 2005
and made major revisions.
In later research during his carrier he communicated results that he defined as
Proximal processes which take place in the humans’ close environment. Proximal
processes - the process of human development are progressively taking place
through reciprocal interactions that are growing in complexity between a human
that is defined as active, biopsychological and gradually growing and the close or
proximal environment including other individuals and artefacts. Proximal processes
are everyday activities and interactions under the influence of what is going on in
historical time. To have a greater impact on the development the interactions
should take place repeatedly and over long period of time. The proximal processes
are also influenced by the characteristics of the individual at focus and the
environment (Bronfenbrenner & Morris, 2006).
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Proximal processes are crucial and central in later versions of his research.
Bronfenbrenner acknowledge more and more the biological and genetic constraints
or aspects of a person and how these play a major role in the process of the human
development. Due to this shift of focus he also introduced the term bio in the
ecological model, thus bioecological model is now used.
The focus on Process–Person–Context–Time model (PPCT) continues from now on
in his research-carrier and lasts until his death in 2005. The model includes person
characteristics such as sex and biological conditions. Although the model may seem
relevant when focusing on human development it is limited since it has not been
able to fully explain how these characteristics are generated or how they support or
constrains the process of development. Brenfenbrenner also discussed time as an
important parameter when researching human development and in the
Chronosystem model time is treated as a central component on equal footing with the
environment when it comes to the influence on human development. Things
happen due to an active choice or by chance or accident during the lifetime of a
human being and these experiences may be defined as good or bad from a subjective
(or objective) perspective and they do change the relations or the dynamics between
the human and the environment, which will have an impact on the developmentprocess (Rosa & Tudge, 2013).
Brefenbrenner’s research has been criticized for not acknowledging the ‘eco’ in the
bioecological model to the extent that it actually influences human environment
and thereby the arena for action and development. In his article ‘Moving “eco”
back into socio-ecological models: A proposal to reorient ecological literacy into
human development models and school systems’ Stanger (2011) makes use of
Bronfenbrenner’s model but adopts it to include in the center, apart from the
individual human-centered perspective, also ‘the other’ referring to animals and
nature.
Faskunger (2013) reported on the results of an evaluation of the World Health
Organization European Healthy Cities Network (WHO-EHCN) initiative that
seeks to support and encourage local governments to implement active-living
programs. Active living is a way of integrating physical activity into daily routines.
Faskunger mentions walking and bicycling as means of transportation but
concludes that sports and exercise are still important components for active
lifestyles. Most of the included cities reported programs for active living, but only 8
of the 59 cities reported applying a socio-ecological model or framework that
specifically targeted an integrated perspective of active living. Many of the attempts
at establishing active-living routines were addressing obesity. These initiatives are
valuable, but to make a difference on a population level and for prevention, a
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broader target for the intervention is needed. Faskunger states, “…information-based
interventions have not been effective in changing the sedentary trend, and individual
approaches to behaviour change are usually too small scale to make a difference at the
population level” (Faskunger, 2013, p. 143)
Although socio-ecological approaches are reported as promising for interventions
targeting population level interventions on physical activity they are as described by
Faskunger (2013) difficult to fully implement in practice.
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3.9

Summary

Research results from healthcare, public health, and preventive care show that
physical inactivity is a major threat from a perspective of health and wellbeing. The
WHO reports that being sedentary and having low levels of physical activity is
pandemic. In many of the articles and papers written on the results of low levels of
physical activity and prolonged sedentary behaviour, the message is more or less the
same—action needs to be taken. Less sedentary time and increased levels of physical
activity will have a positive impact in supporting health and wellbeing. Many of the
approaches and actions taken to date have relied on theories of behavioural change
that focus on the individual or groups of individuals.
Attempts to change behaviour have promoted and supported increased levels of
physical activity by providing exercise equipment in different settings, information
about the negative effects of sedentary activities, and information about the positive
effects of physical activities. These interventions have in office settings included
things like sit-stands desks, treadmills, and cycling workstations as well as advice
such as going for a cup of coffee or talking to colleagues at regular intervals.
Information and reliable facts, however, do not seem to be sufficient to trigger
actions that lead to behavioural changes, and the problems with sedentary postures
and low levels of physical activities are a growing problem. Healthcare services in
the Nordic countries have been using physical activity on prescription—among
other approaches—as a way to promote active living among individuals at risk of, or
suffering from, non-communicable diseases (NCD). Programs and policy
documents are seen as valuable, but they do not guarantee change on their own.
The scale of the problem suggests the need for a multilevel approach such as socioecological models including collaboration among different domains.
HCI and IxD have developed a variety of person-centred monitoring and tracking
devices and applications that aim to support individuals in their attempts to
improve their health and well-being. There are discussions within the domains of
HCI and IxD about how interactions are changing due to physical products
disappearing and becoming digital. This is an interesting design space, and
subsequent chapters in this thesis will reveal how this work seeks to provide a
movement-aware design approach that relies on social and ecological factors.
An extended perspective on physical activity and a critical discussion of sedentary
activities seems appropriate, and HCI and IxD are well suited to participate and
initiate such a change of perspective. Simply adding exercise equipment does not
seem to be sufficient to change the current situation.
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4 Research approach
The research approach of the four cases, the empirical material in this thesis has
been explorative, participative, design-oriented and reflective. It has been
explorative in the sense of approaching the different settings relying on the process
of being together with the participants in field situations, getting to know the
situations, and generating knowledge in different forms together with the different
participants. The study has been participative in the sense that the research has been
based on active participation of both different participants and researcher aiming at
supporting the participants in their expressed desire for change and design-oriented
in the sense that through making things together, designing prototypes and probes
we can generate knowledge and explore possible futures (Wikberg-Nilsson, 2012).
Finally, this study has been reflective in the sense of reflecting both in and on action
as a way to support the knowledge-generation (Schön, 1983).

4.1

Research through design

The concept research through design (RtD) is inspired by Sir Christopher Frayling’s
(Frayling, 1993) ideas (to which he himself gives credit for to Herbert Read) first
presented over twenty years ago, about three different relations or interactions
between art and design and research: research for art and design, research into art
and design and finally, research through art and design. Where Research into art
and design is a backward-looking approach as in historical and theoretical
perspectives. According to Frayling (who wrote this article in the nineties) a
common way of approaching research. He attaches the question: ‘How can I tell that
I think till I see what I say?’ (p.5) to research into art and design. He defines research
through art and design as research aiming at development such as in new
combination of materials, other type of development work and research into new
design-spaces and context of use. Research through art and design can also be
action-research oriented. Research through art and design should communicate the
process of design that has been used for the design developed. He attaches the
question: ‘How can I tell what I think till I see what I make and do?’ (p. 5) to research

44

through art and design. These first two ways of performing research is quite straightforward according to Frayling. Research for art and design where the thinking is
embodied in the artefact designed and not verbally communicated elsewhere needs
to be further discussed and developed in order for this expressive model of
communicating to find its ways within or expanding research traditions. For the last
approach, research for art and design, Frayling attaches the question: How can I tell
what I am till I see what I make and do? (Frayling, 1993, p.5).
John Zimmerman, Erik Stolterman and Jodi Forlizzi presented an analysis of RtD
at the DIS’10 conference. They believe that ‘RtD allows researchers to rely on
designerly activities as a way of approaching messy situations with unclear or even
conflicting agendas; situations that are not well suited to other methods of inquiry.’
(Zimmerman et al, 2010, p. 310).
They report that RtD is described as a future-oriented research attitude with less
focus on the present or the past and that a central theme is the making, the
constructing of concepts, prototypes, systems and artefacts for preferred future
situations. What is made or constructed can serve as an opener to new design-spaces
where other designers and researchers can try out and refine these new concepts in
the new design space. RtD is said to provide the designer and the researcher with an
opportunity to have an active role to construct or co-construct these preferred
possible futures. Results from RtD can also be conceptual frameworks,
recommendations and the identification of areas and theories (often implemented
from other disciplines) that could benefit from further explorations (Zimmerman et
al, 2010). Results from RtD-oriented projects have experienced some difficulties in
being ‘accepted in the field’s scientific publication venues’ ((Zimmerman et al,
2010, p. 317). In recent years a new biannual conference series has started, and in
the end of March, 2015 the second biannual conference with a special focus on
RtD oriented research will be held in Cambridge, UK. On the conference website
www.researchthroughdesign.org/ the aim of the conference is described ‘RTD 2015
aims to foreground the materiality of design research, placing its artefacts, processes, and
practices centre stage. The exhibition will be used as a platform for presenting and
demonstrating research processes and outputs, and for generating debate about the role of
the design practitioner and their work in a research context.’
Although RtD, as described in Zimmerman et al. (2010), is recognised and used in
many research projects the authors argue that several challenges still remains to be
addressed in order to acknowledge RtD as a mature research approach. These
challenges include ‘successful methodology development, research examples, theory
critique, and evaluation criteria’ (Zimmerman et al, 2010, p. 316).
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In an essay Gaver (2012) discusses his view on what can be expected from RtD.
When striving for a greater focus on theory within the domain of RtD he argues
that this should not come at the expense of the multitude design examples that in
his view are central in design research. The role of theory should be to annotate
these design examples.‘Whenever practitioners describe their influences, discuss the
rationales for design decisions, and articulate their assessment of what they have made
and its importance, they engage in a form of implicit conceptual work by highlighting
important issues, dimensions of similarity, and criteria for choices and success. To the
extent these conceptual statements are articulated in general terms and applied to
multiple examples, they become recognisable as theories in their own right’ (Gaver,
2012, p.938). In his view theories within RtD are provisional, contingent, and
aspirational and they evolve around the making and the discussion of the artifacts or
systems being designed.
The research described in this thesis can to some extent be framed as Research
through Design (RtD) since it has been exploring alternative and preferred futures
through design activities (Zimmerman, et al., 2010). I have used RtD similar as in
Wikberg-Nilsson (2012) where she describes RtD ‘as a way to build both theoretical
and practical knowledge in collaboration with practitioners’ (Wikberg-Nilsson, 2012, p.
17).
Although the research presented here has not been designing any technically
advanced systems or aesthetically appealing prototypes that can be replicated or
further developed, its contribution resides in providing knowledge and guidance for
designing systems supporting changes regarding physical activity in the four societal
settings presented here.

4.2

Participatory Design

In Scandinavia, Participatory design, or co-operative design as it was initially
named, evolved from the work of Krister Nygaard and Olav-Terje Bergø in the
early seventies together with the Iron and Metal workers Union in Norway, where
they focused on planning, control and data processing in industry from the workers
perspective. This was at a time when computer-technology entered the scene in
many sectors mainly from a perspective of efficiency and many workers had seen
their jobs disappear or become dequalified. This led to that many labour
organisations were resistant towards technological development. In the Nordic
countries the trade unions approached the computer development from the
perspective of participation. Instead of acting against the computer technology
development they argued that workers if admitted influence over and participation
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in that development would make them able to keep their jobs and co-evolve
professionally (Lundin, 2011). Another project that, which was inspired by the
work of Nygaard and Bergø, and developed the Participatory design approach was
the UTOPIA-project. UTOPIA is an acronym is Swedish for Training, Technology
and Product in Work Quality Perspective (utbildning, teknik och produkt i
arbetskvalitetsperspektiv). The project took place mainly in Sweden and Denmark
during the early 80-ties and was a collaboration with researchers, among others
Pelle Ehn and Ewa Gunnarsson from the Centre for Working Life
(Arbetslivscentrum, ALC) in Stockholm, Sweden; Susanne Bødker and Morten
Kyng, from The Computer Science department at Aarhus University, Denmark;
Yngve Sundblad and Kerstin Severinson Eklundh from NADA (Numerisk analys
och datalogi) at the Royal Institute of Technology in Stockholm, Sweden. Graphics
workers from the Nordic graphic Union among others Gunnar Rasmussen (from
Aarhus, Denmark), Björn Burell, Bernt Eriksson and Malte Eriksson (from
Stockholm, Sweden) participated on half-time basis (Sundblad, 2011).
Participatory design in the UTOPIA-project included focus on design and
technological development together with and for the users (Sundblad, 2011). It was
however, also political and took action in the direction of democracy at workplaces,
through work organization and computer system development, which also was the
focus of the Swedish Center for Working Life, the main funder of the UTOPIAproject together with the trade union. The UTOPIA-project took action in order
for workers to have influence on technology development, to reflect their interest
and not mainly reflecting corporate interest as ‘…the aim with the UTOPIA-project
was to help unions translate their social values regarding the job skills, quality of work,
and quality of products into new computer hardware and software for the printing
industry. Its participants held a strong belief that technology largely shaped working
conditions. The underlying notion of technology being deterministic led them to argue
that it was crucial for workers to develop and control alternative technologies.’ (Lundin,
2010, p. 189-190)
The close collaboration and participation among users, designers and researchers in
all stages of the project was one of the results that attracted attention and this was
expressed by Liam Bannon as going from ‘From human factors to human actors’
the title of one of his papers (Bannon, 1991).
Other results and experiences that UTOPIA managed to bring forward was that it is
possible and manageable to design information technology in close cooperation
with users including issues of work environment, design methods such as mock-ups
and prototypes to enhance collaboration and how design thinking and design
practice could play a role in software development (Sundblad, 2011).
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Bødker and Pekkola (2010) argue that PD could play a significant role if applied to
large-scale system developments and not mainly be acting within small-scale
settings. They also describe how PD has gone from being used mainly in work
related settings to be applied in education, entertainment and urban planning
(Bødker & Pekkola, 2010). The seminal UTOPIA project introduced many
perspectives and methods in system design, many of which are still in use, among
other methods: collaborative production, mutual learning, prototyping, mock-ups
with low-tech material. Central was also inviting and putting workers or users at the
centre of the actions and treating them as experts in their personal work practice all
provided an alternative way of working, designing, and learning (Ehn, 1988;
Bødker, et al., 2000, and Sundblad, 2011). PD has grown and evolved, and the
approach has also been applied within healthcare, museum settings, alternative ways
of production, and democratic innovations (Grönvall & Kyng, 2013; Bortolaso,
Bach & Dubois, 2011; Björgvinsson, Ehn & Hillgren, 2010, and Seravalli, 2012).
Greenbaum and Kyng (1991) proposed four points for PD that I think still hold
value today when we can expand the word ‘work’ to include any setting that PD has
evolved to embrace. The points are:

• The need for designers to take work practice seriously and to see
that the current ways that work is done are solutions that have
evolved within a complex work situation that the designer only
partially understands.

• The fact that we are dealing with human actors, rather than cutand-dried human factors means that systems need to deal with
users’ concerns and to treat them as people rather than as
performers of functions within a defined work role.

• The idea that work tasks must be seen within their context and
are, therefore, situated actions and that the meaning and
effectiveness cannot be evaluated in isolation from this context.

• The recognition that work is fundamentally social and involves
extensive cooperation and communication.
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Part of the approach applied in this research has been the Scandinavian take on
Participatory Design or Co-operative Design. Although PD might not be
articulated as a full-fledged scientific or theory but rather described as an approach,
I find it useful and appropriate when approaching societal field situations with a
focus on participation of physical movement. Collaboration and dialogue are—to
my understanding—central parts in PD and I would even go so fare to call it
political in the light of democracy that this research hope to actively take part for
including the whole body not mainly the head or as it may seem the corporate part
in the design of everyday settings…such as activities in schools and universities,
elderly care units and office settings.

4.3

Touching upon ethnography and behavioural
change

My research has an ethnographical element as being ethnographically informed field
studies. The research has sought to describe field situations through participation,
observing and listening to individuals and groups of individuals, and approaching
them as experts of their situation and context. In three of the four explorative cases
also sought to do so for a relatively long period of time. I refer in paper III and
paper IV to having performed case studies and explorative case studies, but because
the research was not based on a hypothesis, I view them as simultaneously being
ethnographic studies. The attempt to write about the field explorations is an
attempt to produce something similar to a written ethnography because
ethnography can be seen as both the practice and the written outcome—“both a
process and the outcome of that process” (Lazar, Feng & Hochheiser, 2010 p 221).
I touch upon theories of behavioural change, or more specifically the notion of selfefficacy (Bandura, 1997), when analysing the empirical data in case 3 (paper V).
On a general level, this thesis aims to initiate and discuss ways to promote
behavioural change, but the focus is to not mainly addressing the individual or
groups of individuals but to also focus on the environment and the context and, to
some extent, on the preconceptions and habits that have been established through
the design of that context or that environment. In the Frame of reference section, I
elaborate more on self-efficacy and a socio-ecological perspective. Later, in the
section on the Contributions, to augment and enhance situation awareness in order
to design for change of that situation, context or environment, I will return to an
adopted version of a socio-ecological perspective as part of the conclusions from this
thesis inquiry.
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4.4

Mixing and blending approaches

This research can be described as a journey into unknown territories that are related
to the different field settings, the way I as a researcher have had opportunities to
participate in these settings, and the initially vague ideas I had that there was
something to look for—traces of movement. Because the research has mostly used
design-oriented methods such as RtD, and more particularly PD, it can also be
described as traveling into the wilderness where one has to make one’s own way
because there are no clear and straightforward highways to follow. By chance or by
coincidence, opportunities for different projects or areas of exploration arose. Moen
(2006) uses the word ‘serendipitously’ to describe a similar way of working. In
order to make use of coincidence, knowledge within the field of application is
needed to make constructive use of such chance occurrences. The common theme
was not immediately visible in the making; if it were it probably would have made
me less insecure in my actions, but from another perspective it might have made me
less open to seeing the process as a whole and to seeing things from the participants’
perspectives. The common theme became visible for me (it was probably visible for
the participants in the different cases all the time) during the analysis of the whole
journey (the reflection on the action as described by Schön, 1983). It was at this
point when the findings from the different parts, phases, or day’s marches each
provided support for the big picture that revealed itself through the journey even
though the primary focus of each case was to explore, to play, to teach, and to
design. The common theme will be shared through the writings of this thesis.

4.5

Designing

There is no single definition of design and designing in the research literature. The
field of design has been, and still is, discussing how to frame design, design research,
and the act of designing and there are many notions attached to the elements of
design in order to distinguish them from each other. In my explorations I make use
of RtD and PD. That said, I came across an attempt for a definition from
Subrahmanian et al (2011) that I think manages to capture the essence of some
parts of what is present in the activity of designing: ‘Designing is a cognitive (both
formal and informal structures, symbolic and perceptual) and a social activity
(negotiation, creation and evolution of language, and validation) for sense making that
is emergent over time at the individual and social levels, punctuated by temporary
closures for the requirements of the artifact being designed. Designing involves the
evolution of the artifact, the social system, language and the information embedded in
the social context’ (Subrahmanian et al., 2011, p. 10).
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I am attracted to that he defines designing both as a cognitive and a social activity
situated in the context of that design. What I would have liked to see included in
the definition is how it involves and influence the individuals involved in the design
from a perspective of physical activity that may be discussed in terms of skills,
knowledge and craftsmanship. Also mentioning the physical activity involved in
making use of the artefact or system being designed. In relation to designing is
making. Making has in recent years been used frequently, among others, by the
maker-movement and DIY initiatives. The act of designing, the process of design
includes making. Gauntlett (2013) argues that making is connecting people to each
other through the doing, repairing or re-making of products and systems. It may
also be put on the light of the physical activity embedded in that making –
something that may be invisible or taken for granted if focus is mainly on the endproduct – and also if the process of making is industrialized, the actual physical
activity is often marginalized.
4.5.1

Designing as Reflection in and on Action

Donald Schön suggested that practitioners such as psychologists, social workers,
teachers, and architects engage in reflection in action when they encounter a unique
problem or an issue that cannot be handled within the normal or standard system
or with the tools currently available. In such situations, the practitioners needs to
improvise and reflect on the fly and decide what to do. This leads to the perspective
of reflection on action in which the practitioners think through the previous
activities and how they solved previous problems. In order to learn the “how” in
designing, Schön describes the relation between the design student and his relation
to the master, the teacher, or the coach: ‘what he does not yet know how to do, in
order to get the sort of experience that will help him to learn what designing means. …
He must jump in without knowing… in order to discover - what he needs to learn’
(Schön, 1987, p.93).
In the four explorative cases in which I as a researcher was participating, I made use
of myself and my own knowledge—as well as that generated from being part of
these explorations—in the analysis of, and the reflection on, the material. There is a
comparatively strong relation between reflection in action and reflection on action,
and Donald Schön describes this as performing reflection in action and on action at
the same time (Schön, 1983). Being present in field situations and actively involved
in activities that may alter ‘procedures’ provides opportunities for reflection not only
for me as a researcher but also for the different participants in these field situations
(Smith, 1994).
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4.5.2

Designing in a compositionistic manner for the matter of
concern

Bruno Latour (2010) writes in his ‘An attempt at writing a ‘Compositionist
Manifesto’ that as a compositionist he composes (slowly and progressively) his
world from disjointed unities and pieces. He writes about the word ‘composition’ as
something that has to be put together and, therefore, it is similar to the word
‘compromise’. Latour discusses concern for where to find energy to act, react, and
compose. His suggestion is that energy to act, react and compose will be achieved
through a slow process of composition and compromising. Things composed of
separate parts can be de-composed or taken apart again in contrast to only
hammering things down with a critique in the effort to reveal the “real world”, the
‘real facts’ hidden beyond what we can see. A compositionist wants matters of
concern and not just matters of facts. Knowledge is not enough. In his writing of
“What is the style of matters of concern? (2008) Latour explains how: ‘Matters of
fact were indisputable, obstinate, simply there; matters of concern are disputable, and
their obstinacy seems to be of an entirely different sort: they move, they carry you away,
and, yes, they too matter. The amazing thing with matters of fact was that, although
they were material, they did not matter a bit, even though they were immediately used to
enter into some sort of polemic. How really strange they were. Another extraordinary
feature, as I have shown at length in Politics of Nature, is that although they were mute,
they were supposed to speak directly – “facts after all speak for themselves, don’t they?’
(Latour, 2008, p. 39)
This may be associated with research that provide facts and imply that these facts
will trigger action and thus that the facts possess an inherent form of agency.
Research within the field of physical activity has sometimes disseminated “facts”
about the risk of low levels of physical activity, as if these facts should be sufficient
to bring about change. In research aiming at behavioural change such as quitting
smoking or promoting physical activity, however, it seems that we as human beings
need more stimuli than only facts to trigger action.
Turning back to Latours ‘An attempt at writing a ‘Compositionist Manifesto’, he
revolts against the modernist perspective and finds that the modernists face their
future looking backwards and with no idea of the importance of composing. In my
reading of Latour, I see this from a physical activity perspective, and this suggests
that they have got their hands into the past. This past is fixed and static and,
because time has already passed and the actions are impossible to alter, they are not
progressing. As a researcher applying RtD, and more specifically PD, approaches to
explore perspectives of physical activity I approached the area by placing myself in a
forward moving position with my hands, arms, and head—including my eyes, ears,
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and mouth—attentive to the present situations at hand and open to participate in
the design of possible futures both near and far away. From a physical movement
perspective, the Modernists’ walking forward while facing backward seems awkward
and risky. I would argue that as human beings we are designed to actively engage
and put our hands into the matter of concern and participate in the making of the
future.
4.5.3

Practice and Knowledge production

Inquiring into physical movement, physical actions, and physical activities and their
places in everyday settings are to some extent a form of practice-based or practiceled research where knowledge is generated through inquiries into social situations.
Can we trust practice and can we trust participants’ expressed experience of that
practice and frame it as research results? The answer depends on how we frame
science and knowledge production and what methods we think are reliable for
generating data. I believe that the choice of applying a PD approach, where the
focus is on the process and on the results of the design, is appropriate when seeking
to describe situations and phenomena that derive from settings of exploration
similar and as described in this thesis. When knowledge is generated through
practise and as such becomes integrated in the way of acting or being, as in the role
of a practitioner, does it transform into a skill based on experience or can it still be
described as knowledge? How does this process take place? In the mix of observing,
practicing and experiencing, we reflect and also generate things to reflect upon. I
take comfort in the mix of Dewey (1938) and Schön (1983) and their descriptions
of the process of learning and experiencing and the notion of “reflection in action”
and “reflection on action”. Dewey describes human experience as a central
component situated and interrelated with the situation, a situation that is physical,
social, and cultural (Dewey, 1938). These notions give support to how I try to
frame my inquiries.
Research is about producing knowledge that is hopefully useful for others. I have
been participating in practise as transparently as possible in all of the case studies,
and in order to describe the knowledge produced by this work I will try to write
about the four cases as a story and as detailed and as vividly as I can. This will allow
my readers and peers to get the impression that they were there as well and that
they can participate in the dialogue with the material, make assessments, argue,
disagree, and hopefully agree to some extent.
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4.6

Methods for generating data

In the cases related to this thesis, the empirical data has been generated through a
variety of methods such as participant observations, contextual interviews,
workshops, field notes, written assignments, survey, probe, and design of
prototypes/concepts. My motivation for this multiple choice of methods is that
research in the field aiming at building knowledge of phenomena that include
people, contexts, and artefacts/systems need to select methods for generating data
that provide opportunities to capture the complexity in these settings. Details about
the methods used in context are described in the different cases in Chapter 5. An
overview of the different methods and in which case (and related paper) they have
been used can be found in Table 1.
Method/Participants

Children

Elderly

Students

OfficeWorkers

Related Paper

I & II

III

IV & V

V

Participant observations
and field notes

X

X

X

X

Contextual interviews

X

Workshop

X

X

Prototypes/Concepts

X

X

X

X

Sketching

X

Written reflection

X

Probe

X

Survey

X
Table 1: Methods used in the different cases to generate empirical data.
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4.6.1

Participant observation and field notes

Participant observation (Lofland et al., 2006) has been central in all settings in this
thesis. When fieldwork and PD are central in a research project, I see participant
observation more as a part of the whole approach than just as a method for
generating data. Depending on the situation in the different settings, my way of
‘observing’ came to be more or less active on the continuum of active participation
and passive observation. Participant observation is a skill that needs to be practised.
It might seem that it is sufficient to just “be there”, but I would argue that it
requires delicate behaviour from the researcher and the ability to fine-tune their
behaviour in order not to overtake or become too engaged in the activity or, on the
contrary, to try to become totally invisible and thereby somewhat detached from
the environment. The researcher must be able to focus on the action outside of oneself but to use one-self and the impression or feelings that the situation evokes.
Taking field notes (Berg & Lune, 2004), in practise, I found it to be quite a
challenge. To take notes about what you are observing or during participant
observation can hamper and interfere with the situation. When one writes down
notes after some time has passed, as I sometimes did during my travels back from
the eldercare units in the project with the elderly described in paper III, the material
becomes influenced by an analysing state of mind and thereby might include more
than just what was observed. Although there are technologies available such as
recording functionalities on smartphones that make the methods less intrusive, I did
not use these technologies but instead I often note down short words on my hands
to function as a reminder of what to write down in full later on.
Together with other methods for generating data such as interviews and prototypes
(being, talking, and doing), participant observation creates a strong mix of methods.
4.6.2

Contextual interviews

The interviews performed have been contextual and semi-structured adopted from
Beyer & Holtzblatt (1998). There were nine video recorded and transcribed
contextual semi-structured interviews from the projects with the elderly and 30
semi-structured interviews from the project with the office workers. The aim of the
interviews with the office workers was to provide an opportunity to share issues or
comments not included as questions in the survey. During the transcription, the
spoken words have been the material in focus. Gestures, sighing, and hesitating
have been left out. The transcription can be seen as a first filter in the process of
interpretation. In connection with evaluating physical movement probes, semistructured interviews were used and more details are in paper V. Why use
interviews? The situation of an interview is rewarding because it provides an
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opportunity to verbalize thoughts. It might reveal issues not “seen” or visible in
actions or issues that are taken for granted because they have become a habit (Kvale,
2008). Being present in the field-situations provides many opportunities for
‘collecting stories’ during conversations and dialogue. Many times in the different
cases the participants also eagerly and spontaneously came to share with me their
reflections and ideas apart from what was discussed during the participant
observation or contextual interviews. This happened in all of the different settings
but was most frequent in the work done with the elderly, the university students,
and the children. More details can be found in papers I–IV.
4.6.3

Workshops

I have used workshops as a way of providing a focused arena for collaborative work,
co-designing, and problem solving (Westerlund et al., 2003). I held workshops
during the projects with the elderly and with the children (papers I, II, and III).
The workshops with the elderly where situated at the care-center and the workshops
with the children where mainly at the school and at the university. The aim during
the project with elderly participants was to redesign or develop the game controller.
Together with the gamers, an occupational therapist, an enrolled nurse, the
researcher, and the project manager, we developed, through several iterations, a
working prototype that consisted of a cover that could be added to the controller.
Workshops were a central method in the projects with the children. In one of the
projects, described more in detail in paper II, we conducted five full-day workshops.
Workshops as a format are ‘rich’ because there are so many “things” going on at the
same time. To capture some of these ‘happenings’, we recorded videos and took
photos. Workshops as used in the situations described in this thesis have been a way
to provide a focused arena for making design concepts and different types of
prototypes.
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4.6.4

Prototypes/Concepts

In three of the four cases, the explorations included the participants in the
production of low-tech prototypes (see papers I, II, and IV) during the workshop
format. The aim was to provide an opportunity for communication through the
making of the prototypes. The design process of producing prototypes and the
activity of prototyping can be framed as practise-based knowledge generation and as
a process that generates experience and, if practised repeatedly, generates skills. We
also used video prototyping in a similar manner as described by (Mackay et al.,
2000, and Westerlund (2009) as one of the methods to make the physical
prototypes come alive. The participants where asked to act out and video-record
their acting out of different scenarios of use of their prototypes. During the acting
out of the design and during the reflection (viewing the video) opportunities for
alteration where identified and changed.
4.6.5

Sketching

Sketching has been used mainly in one of the four cases – together with the
students, physical movement sketching inspired by the concept of sketching user
experience by Buxton (2007) and his view of the value of sketching in interaction
design was explored. Buxton describe sketching as a way to explore the design-space
and the design-process through its potentials to question, propose and provoke.
Physical movement sketching makes use of body movement aiming at generating an
experience of the initial design-ideas. It may be explored individually but if
communicated within a group it support discussion. Physical movement sketching
is described in more detail in case 3 and in paper IV.
4.6.6

Written reflections

In the cases with the university students (papers IV and V), reflection in the format
of written text seemed appropriate because they provided the students time for
reflection on action (Schön, 1983). Although reflection was an on-going activity ‘a
continual interweaving of thinking and doing’ (Schön, 1983, p. 281) during the
course both in the class, project-groups and during field explorations, through the
written reflections the students were provided with an opportunity to summarise
their reflections and as described by (Ash & Clayton, 2004) it may also enhance
learning of the experiences of the course activities. The assignments were partly
individual and partly performed in their project-group. The aim of keeping one
part individual was to provide a possibility for the students to be personal and to
limit the influence of peers. The assignments were mandatory (the project report,
the personal reflection on the use of physical movement sketching, and their
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reflection on the themes used during the course). The individual reflections where
not used as basis for grading. The individual reflections from 59 students where
ranging from 3 to 4 pages in length (in total about 200 pages) and the projects
reports from the design groups (17 in total during the two courses) where about 30
to 40 pages (in total about 500 pages).
4.6.7

Probes

Probes are widely used within HCI and IxD and in many modified versions from
the original Cultural Probe concept (Gaver & Pacenti, 1999). A Technology probe is
a usable prototype of an application that is constructed for understanding users’
needs through their use of the probe. The focus is not on the prototype itself but as
a means to understand related issues (Hutchinson et al, 2003). We developed three
different Physical Movement probes that were tested and evaluated by 30 office
workers (paper V). The aim was to generate data concerning the experience of being
physically active while performing office work.
4.6.8

Survey

In the case with the office workers (paper V), I used a web-based survey (Babbie,
2012) as one of the instruments to generate data about user experience. The survey
consisted of 24 questions, including two free-response questions, about the office
workers’ (30 participants) experiences with using three different movement probes.
Most of the questions were of Likert or Borg-type with rates of perceived exertion.
The survey was used as a quick method to generate initial impressions. It was a
web-based survey, pilot tests and interface tests were conducted, number of
participants that received the survey was 30 and the response rate was 100%.

58

4.7

Analysing the generated data

Methods for analysing data have, in many situations, been intertwined with the
generation of the data, as is the case with participant observation and field notes. I
relate to the notions of reflection in action and reflection on action as described by
Schön (1983). The generated data have focus and are aiming at augmenting the
voice and desire of the participants in the different cases. In relation to that
description I want to point out that I also, as being a participant observer in the
different cases, make use of my reflection in and on action during the analysis.
Analysis has also been done through dialogue and reflection together with research
peers, as was the case in the projects with the children (papers I and II). I have used
thematic analysis (papers III, IV, and V) for ‘identifying, analysing and reporting
patterns (themes) within data’ (Braun & Clarke, 2006, p.79). Thematic analysis has
been a valuable tool in my search for meaning and knowledge production. The
analysis has gone through different phases such as ‘familiarising myself with the data,
generating initial codes, searching for themes, reviewing themes, defining and naming
themes’ (ibid, p.87). Field situations and the PD and RtD approach, generates rich
empirical material in terms of different types of data through the interaction with
different groups of participants. Analysing such rich material is a challenge. I have
found that thematic analysis provides good support for such analysis.

4.8

Reflecting on the applied methods

The selected methods for exploring field situations have been participative and
design-oriented. Being a participant and being involved with different groups of
participants in the field situation—for extended or a limited period of time—
provides a valuable opportunity to generate a broad spectrum of data. I found the
mix of selected methods suitable for my research approach that sought to develop
knowledge and to find and initiate possibilities for change. Of course, there are
always alternative ways of approaching research in similar settings that can come up
with similar or different results. Research within the domain of physical activity,
public health or preventive care would probably include some methods to measure
or assess levels of physical activity through monitoring heart rate, using movement
sensors, or writing self-reports. My focus and interest, however, has been to explore
and disseminate how the users described their different situations. Thus the
methods used in this work have included designing probes, prototypes, and
movement opportunities/possibilities—and designing spaces for movements. We
cannot design experience any more than we can design movements—they are tied
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to the individual. However, I do think we can design opportunities and possibilities
for experiences and movements.
Included but not specifically mentioned in some of the above described methods or
means of generating data are video recordings and photographs. Participants and
organizations in all projects orally or through signed written agreements approved
that the generated data could be disseminated for the purpose of research and
communication to the public, for details of these approvals see the different cases
described in Chapter 5. In retrospect, I wish that I had taken more photographs
and videos especially in case 3 to be able to disseminate the results in a more visually
appealing manner, but I was too busy trying to be focused and receptive to the
situation at hand to remember to take out the camera that I often carried with me.
This could be described as me not being skilled in managing the balance of being
an active participant and an observer. The methods for generating and analysing
empirical data used in these settings challenged me as a researcher to step in and
step out of the situations and the material (to absorb and reflect) in order to “listen
and see” what the material was communicating while always keeping in mind
alternative perspectives. Can the material be understood in another way? Did I get
it right? Was this what the participants expressed? As a researcher, I have tried to
fine-tune myself during my active participation and to use reflection as a way to
ensure accuracy. This has been an on-going process during the different stages in
the research presented here.
More details and descriptions about how I used the methods for generating and
analysing data in the fields of exploration can be found in papers I–V.
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4.9

Summary

Research has been done through exploring, participation, designing and reflection
in different field situations. I am inspired by Schön (1983) and his description of
designing as Reflection in and on Action, Latour (2010) and his view on the
activity of designing as a compositionistic manner and his discussion on the matter
of concern and matters of facts, and finally but not least (Dewey, 1938) and his
description of human experience and activities and how these are both physically,
socially, and culturally situated and interrelated with the context. These notions
give support to how I try to frame my inquiries.
Data has been generated through making and reflection on that making. The
research has been guided and made use of Research through Design and
Participatory Design. The research has been performed as an iterative movement
between making, generating/collecting and analysing/reflecting sometimes
happening at the same time-frame sometimes in different time-frames separated
from each other.
Methods for generating/collecting data has been; participant observation,
contextual interviews, workshops, prototypes/concepts, physical movement
sketching, written reflections, movement probes and survey. The generated material
or data has been analysed through reflection in and on action, through thematic
analysis and survey analysis.
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5 Methods and results
from four explorative cases
Here I describe the four cases, the empirical material on which this thesis is based.
Summaries can be found at the end of the description of each case. I write on a
reasonably detailed level in order to provide the reader with a more in-depth
understanding of the material. Exploring and studying activities and movements in
societal settings or field situations where everything is moving and changing is a
great challenge. The moving and changing also implies that the now is constantly
being transformed into the recent past even before we have a chance to grasp all of
the relations between the props and the people present in that situation.

5.1

Case 1: Children at school and at the museum

In several research projects that I as an assistant co-ordinator participated in before
becoming a PhD candidate, the general method and approach was PD. The settings
included home environments, museum settings, and school environments, and the
general theme of the projects could be described as collaboration, communication,
and sharing. Carrying out the projects often demanded improvisation and changes
of direction due to many parameters, including work conflicts for our participants,
technology breakdowns, or delivery failures of purchased technology or other
materials to be included in the project. The projects have focused on the design of
intergenerational communication in families, tools for supporting school children
in their collaborative storytelling, interaction with and design of mixed-media
installations in museum settings, and design related to social responsibility and
future innovations. One of the main activities in all these projects has included
more or less similar kinds of workshops. During the workshops, prototypes or
concepts were developed often using low-tech material and user scenarios were
acted out during the production of video prototypes. When I, together with two of
the other researchers involved in the projects, revisited some of the generated
material and analysed the workshops, we found that being together in the physical
making of prototypes; using materials that one could physically interact with in
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ways such as twisting, bending, cutting, and crushing; and physically acting out
future interactions were more central to the positive experiences of the workshop
than we initially had acknowledged. This was not only a way to enrich the
description of the developed prototype where words or design concepts were
insufficient to describe the interaction, this physical approach also seemed to have
motivated and stimulated active participation in the workshops and sped up the
process of becoming socially at ease with each other and with the context. In the
projects where adults cooperated with children in the making of the prototypes, the
children seemed at ease and described the situation as familiar and nothing special,
whereas adults described working together in a hands-on manner to be a very positive
experience. The adults had most of their previous experience with this kind of
material, mainly as helpers for the items their children produced. Now they were
invited to become co-creators. We could also identify that the children became
more actively involved during the making of the prototypes and concepts compared
to their participation during some of the brainstorming sessions.
We used an open dialogue format when revisiting the generated material of
photographs, videos, notes, and project reports. Some of the prototypes had been
put in storage and were brought out for recapturing actions. These discussions or
dialogues did not follow a validated scientific research method for the analysis; but
we found this open format of reflection to be very productive. Through the
dialogue with each other and with the material, we came to see perspectives that
had been overlooked. When we were able to sit down with the material with less
time constraints than during the core of the projects these new perspectives became
visible to us. For a more detailed description of each project and the discovered
common perspective on physical activity inherent in the workshops, see paper I.
For me, one of these projects became the real starting point for my exploration of,
and interest in, perspectives of physical movement in these research projects and in
the relationship (the power balance) and interaction between human movement
and computer technology.
In the specific project that initiated my research interest, 33 school children aged
from 13 to 18 years played the role of scientists engaged in designing and
developing solutions for what they thought were the current or future problems of
the world. This project was part of a yearlong European Culture project where four
partners collaborated and approached the theme of responsibility of scientists. More
material from the project can be accessed at http://cid.nada.kth.se/faust/. The focus
here is the work conducted at KTH in Stockholm, Sweden, where we collaborated
with voluntary participants from three different schools. We asked their teachers,
and they asked the schoolchildren if they would like to participate. We also sent out
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an invitation letter and received oral agreement from parents that the processes and
prototypes developed during the project could be disseminated within the research
community and within learning environments such as museums and schools.
During five full-day design workshops, the schoolchildren generated a large amount
of ideas, discussed these among themselves, and decided on which ideas to develop
further. After some initial research, they built low-tech prototypes and filmed video
scenarios of how the products or services would work and how they could be used.
They prepared designs for posters and set up an exhibition at the Nobel Museum as
the final event. Thus, this project had an extra dimension of stress, tension, and
excitement because the final part of the workshop was to produce a publicly
displayed exhibition.
My expectations for the design solutions were mainly ideas of innovative
technology. It was an eye-opener for me when some of the design solutions had a
focus on active participation through physical activity and as such was framed as a
sustainable approach both for the environment and the individual. The way the
young students worked and the way they communicated how the innovations and
the prototypes were supposed to function was something I did not fully
acknowledge during the course of the project. The young students’ design proposals
and solutions did not merely focus on technology inventions, even though they
showed great interest in technology. Their designs suggested, from the perspective
of sustainability, how to take active part in local transportation (through a
bus/bicycle combination) and how to make use of energy that we produce in our
everyday activities (this included such activities as going to the gym and making
love, and even activities in settings such as prisons were considered). These two
takes are exemplified through the headings they developed for the posters used at
the publicly available exhibition at the Nobel Museum: “Aiming for a work-out and
still want to be at work on time? – Take the FAWAHAMA” and “Don’t waste it Team Energy can make use of the energy you produce in everyday activities” In Figure 2
the FAWAHAMA is being discussed while developed and Figure 3 show details of
functionalities (how the FAWAHAMA gets off and on the train and the biking
while on the train can be combined with a competition module among travellers.
Figure 4 show the setting where most of the prototypes where done. Figure 5, 6 and
7 are showing the concept under development, the Team Energy demonstrating
their concept during the exhibition at the Nobel Museum and details of their
model.
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Figure 2: In the making of the FAWAHAMA concept.

Figure 3: Details of the FAWAHAMA concept.
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Figure 4: Workshop setting, material and activities.

Figure 5: in the making of the Team Energy concept.
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Figure 6: Demonstrating Team Energy.

Figure 7: A close-up of the Team Energy concept.

The above discussed design concepts and prototypes developed and exhibited by the
children triggered my reflection on the way we value or acknowledge potential
participation of physical power and physical activity in interaction design. Are we
inviting the whole individual or only specific parts of the individual to participate in
PD research projects? A conclusion from the European Culture project is the
discovery of a ‘blind spot’. By blind spot I refer to the blindness of initially not fully
acknowledging the perspective on physical activity that the children communicated
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through their prototypes. There seem to be a risk of being somewhat blind to some
perspectives, some ‘spot’. This is maybe partly due to that the method and the
settings (technology-oriented learning environment) where the workshop takes
place. Another impact may be related to the knowledge area of researchers involved
in the project has not been “movement-oriented”. However, the children identified
physical movement as an unused resource in the design and development of
everyday actions. For a more detailed description of the children’s designs and the
research results generated through this project, see paper II.
5.1.1

Summary

Participants: 33 children from 13 to 18 years old
Period of time: February–October (5 months plus 2 months break of summer
holiday)
Environment: School and museum settings
Conclusions:
•

•
•

•

•

Being together in the cutting, bending, colouring, twisting, and stamping
and trying out different design ideas as well as negotiating with actions
and not only with words opens up a broader variety of perspectives for
individuals with different preferences in communication.
The children identified physical movement as an unused resource in the
design and development of everyday actions.
An important motivating factor in active participation is the
encouragement of physical movement aspects, both in the design
workshops, acting-out scenarios, and video prototyping as well as in the
resulting interactive prototypes and scenarios.
The children seemed to be more at ease or familiar with the making of
prototypes, and the adults expressed a joy in being part of, and included
in, that making process.
The children showed and demonstrated a confidence in physical
movement as a way to support change and to promote a sustainable
future.
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5.2

Case 2: Elderly at four different care centres

I was approached by a research colleague asking if I would like to carry out a
explorative project aiming at determine if exergames (at this time only the
Nintendo Wii Sports system were available on the market in Sweden) would be
useful in an eldercare unit and especially among individuals suffering from different
stages and different types of dementia. I accepted the challenge, and together with
the elderly and their caregivers we undertook this intervention. A detailed
description of the project can be found in paper III and in my licentiate thesis
(Tobiasson, 2011). There is also a video publicly available on YouTube™
(http://www.youtube.com/watch?v=KQ3Wm3CDErw). We received some
financial support from The Swedish Institute of Assistive Technology.
This case consists of two parts, the first part is focusing on one specific site
(Vibacka) the second part of the project includes three sites in different places
(Bysjöstrand, Marielund and Danielsgården).
The first part was held at the eldercare unit, Vibacka, situated in Ockelbo, a smaller
community about 200 km north of Stockholm, Sweden. Vibacka can host up to
sixty people at a time in residence. There is a department specialized in dementia
care, and assistance and supervision are offered around the clock by registered
nurses, enrolled nurses, and other assistants.
In dialogue with the elderly, their caregivers, and their relatives, we approached
them with whether they would like to try a new activity that included physical
activity and a game. Ten individuals were willing to participate, and the participants
gave written approval for the use of the generated material for research and public
information. Eight of the participants were women and two were men, and their
age span was 80 to 91 years. Everyone was diagnosed with dementia, but in
different stages. Some were in wheelchairs, others used a walking frame, and others
were able to walk on their own. Many other residents participated after a while
because the game system was placed in an open area where everyone had access to
it. We encouraged everyone to come along, play, and take part, but the research
aspect of the project focused primarily on the ten gamers originally selected.
I took the train from Stockholm two times a week to work with my new
teammates—the elderly and their relatives, the nurses, the managers, and the
caregivers. The project was initially estimated to take approximately four weeks, but
due to significant interest for the intervention from the participants the project was
expanded. I ended up participating in the intervention for four months, and the
activity has continued since then.
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In the interviews, the managers, the nurses, the elderly, and their relatives described
that activities that entertain and engage as well as create excitement and learning are
not common in care units for people with dementia. Many of the elderly and their
caregivers described how inactive and sedentary everyday life tends to be for the
elderly. Providing occasions for physical activity in everyday life for the elderly
seems difficult and they are at risk of becoming increasingly passive. The following
are some examples of comments:
After moving down here – one hasn’t been busy with so much to do. (gamer)
It’s more fun if there are some more exciting things to do. It keeps the brain alert to
compete – it gets too boring otherwise. (gamer)
The thing I like the most is to see how they wake up by learning something new. In their
case, it’s otherwise more the situation of preserving skills like getting dressed and eating
and using the bathroom. (enrolled nurse and manager)
These comments agreed with my own observations during the time I spent at the
different settings. I explored how elderly in these settings seem to be cut off from
having opportunities to use their physical movement abilities (reach, force,
transport, and balance) in a challenging way. They were sitting most of the time
quite inactive or were strolling back and forth in the corridor. The activities
provided were mainly calm and involved sitting, singing, talking, or reading old
newspapers as a way to trigger memories and stimulate discussions about the old
days. Visitors seemed rare.
I used PD as an approach when introducing the exergames in this setting. The
research focus was two-fold and aimed to explore if PD would be an appropriate
method for this setting and if exergames would motivate the elderly to play and be
physically active.
Initially, a dedicated nursing assistant and myself arranged design sessions with
participants from a variety of professions within the care centre, including
managers, caregivers, relatives, and service personnel as well as the elderly
themselves. We discussed where to place the game, how to play, and when to play.
Through the use of PD that aimed to include perspectives from all participants, it
became clear that I, and some of the caregivers, were somewhat prejudiced in the
elderly’s motivation for playing. We had introduced the game as something aiming
at soft and tranquil physical movements mainly, in order to bring a little circulation
into their bodily systems. However, the participants showed that they enjoyed
competing and had us put up record scores and the names of winners and losers.
Stories started to circulate about “who managed to score” and “who played with
whom”. After some time, it seemed as an hour of active play was most common
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even if the gamers sometimes played for up to two hours at a time. As they (and we)
became more accustomed to the situation, they became more secure in their
movements and in how they positioned themselves in front of the screen. Reactions
to exergaming can be seen in Figure 8 and 9.

Figure 8: Happy success or happy failure?

Figure 9: Aiming with support.
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Some of the participants wanted to stand and let go of their walking frame while
swinging the controller in golf or bowling. They put more and more force behind
their throw, and there were noticeable changes in the colour of their faces and the
sounds of their breathing that suggested that they really had been involved in
physical activity. Some of the participants even said they got sore muscles. Many of
the caregivers shared their experience from playing with the elderly participants as
something much more positive than they could ever have imagined. During the
design meetings, it became obvious that the activity should be incorporated into the
caregivers’ agenda on equal footing with other tasks in order for them to feel that
they have the time to “go gaming”. We as project leaders managed to bring this
information to the managers of the facilities who were very positive about the
activity and gave their permission to put it on the agenda.
One obstacle to overcome was the design of the controller. During a workshop, we
developed a cover together with the elderly to support the handling of the controller
(see Figure 10) because some of the elderly had deficits in their fine motor control
and often pressed too many buttons at the same time. In doing so the system
stopped working and this was very frustrating and time consuming. The aesthetics
of the cover might be questioned from a design perspective, but the physical
movement that the design made possible was beautiful.

Figure 10: The controller re-designed.

In the second part of the project, I collaborated with three different eldercare units,
Marielund in Umeå, Danielsgården in Tierp, and Bysjöstrand in Ockelbo all sites
are situated in northern part of Sweden. A physiotherapist working at Marielund
and an occupational therapist working at Danielsgården became my contact points.
They had both already begun using exergames in their work, but they wanted
support in developing the activity. My aim was to generate more data and to get an
opportunity to revisit Ockelbo. At Ockelbo, Vibacka the site at focus during the
first part of the project was closed down and had moved to Bysjöstrand a newly
build eldercare unit. At Marielund, the focus was on people suffering from
dementia but at Danielsgården it also involved individuals suffering from post-
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stroke disabilities (they came to the facility as out-patients) apart from those
suffering from dementia living at the facility.
At Marielund, five individuals, four women and one man, were often playing the
game. They ranged in age from their late 70s to their mid-90s. They were all
affected by dementia in different ways, but they could all walk unassisted. At
Danielsgården, there were two groups of gamers, the first consisting of three men
and one woman and the second consisting of two men and one woman. All gamers
were in their mid-80s with some in wheelchairs, some walking with the support of a
walking frame, and others walking without support. Some had physical
impairments due to stroke, for example, the right side of their bodies had limited
functionality.
Knowledge generated during the first part of the project was now transferred to
these other sites, including the re-design of the controller, the way to introduce the
game, and how the same game could be mastered through very different physical
movements. Very forceful to smaller less forceful movements could be equally
successful with respect to winning the game. However, for many of the participants
using physical force seemed almost as important as winning.
The staff and the researchers had become quite bored with the bowling and the golf
(at least of the sounds and music played during the game). I was happy, therefore,
that some of the elderly men at Danielsgården asked me for a hunting game. I biked
around Stockholm City to different shops asking for hunting games or games that
would fit or be appropriate for the elderly. I did not get much of response to the
second request, but at least I came back with a hunting game, see Figure 11. It soon
became obvious that the objects to hunt were too small and were moving too fast.
No matter how the participants tried (and they tried!), all they managed to kill or
hunt down was the dog. At least this generated big laughs and we could release
some of the tension that had been building up for not being able to provide them
with what they had humbly asked for.
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Figure 11: The Hunting game with the controller in a plastic rifle.

The methods used for generating data from the first and second parts of the project
consisted of participative observations (including field notes), probes, design
workshops, video recordings, photographs, and interviews. Motivations for the
chosen methods can be found in Chapter 4 in section 4.7
Through thematic analysis of the generated material, three themes were extracted:
The first was the Challenge of learning and managing how to handle the controller
and the game system. The other two came as a result of the first one and included
Physical movement interaction and experience and Social interaction.
The analysis indicates that the challenge of mastering the exergames, which requires
the participants’ focus, physical force, and fine-motor control, was very motivating.
The ordinary activities for elderly residents living in a care facility are often not that
challenging and are in line with my own initial ideas that old people want activities
that are calm and without stress or competition. However, it became clear that in
these settings the exergames managed to motivate physical activity and provide a
fare arena for competition among the elderly residents, despite different disabilities.
The exergames (although somewhat modified) triggered social interaction such as
cheering and teasing each other for failure and success. The activity fuelled
discussion among the elderly, their caregivers, and other participants. Having
something at stake seemed important in order to make the physical movement
interaction a success.
The three themes will here be discussed on a more detailed level:
Challenge of learning: There was a significant challenge in learning how to handle
the controller, and the gamers had lots of questions and comments about where to
press and when. There were also issues with the coordination between the action of
the controller and what was happening on the screen, and this involved the
structure and information given in the different games and required care when
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setting up and operating the system. These challenges also affected the participants’
motivation and immersion in the game. The citations below represent part of a
conversation between the coach and a gamer when initially learning how to handle
the controller and the game system.
Press on the backside of the controller – down – and let go. Can you feel that there is a
bar on the backside? You pick up the ball by pressing and you let go when you want to
throw the bowling ball. (coach)
Should I press on the backside? – Only on the backside? (gamer)
Yes, and then let go when you’re in front…(coach)
Should I press here on the backside? Huh, should I press on this one? (gamer)
Exactly, then you get it started again (coach)
Is it my turn, should I press the thing on the backside? (gamer)
Yes. (coach)
Should I press this one and then backwards? Should I press on the backside? (gamer)
Yes. (coach)
Should I press on the backside? (gamer) – LAUGHTER but ‘ugh’ (gamer and coach)
Should I press on the backside? (gamer)
Yes. (coach)
Physical movement interaction and experience: This thematic category evolved from
comments and observations around the physical movements during play and how
researcher and the caregiver provided some coaching instruction for the movements.
Fatigue, range of motion, coordination, balance, joy of movement, modification,
and redesign of movements are included. The citations below exemplify the second
theme.
It’s a good feeling to feel that you’ve used your body. (gamer)
Now I got going to stand up – now I got some speed. (gamer)
Some really stretch out and say that they get a pain in their arm from playing. (nurse)
They didn’t say, ‘Oh no, now I’ll sit,’ they were all red in the face. Their movement
improves if they stand – they can feel it. (caregiver)
Not so much fiddling and fewer questions, more games. Bigger movements and more
power behind the strike. (from my field-notes).
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Social interaction: Here, the comments and observations were about success and
failure during play, cheering, teasing, coaching, and competing—these made up the
social interactions between the gamers and between the gamers and their caregivers.
We need to get a manual and learn some terminology. (gamer1)
We’d better watch Tiger Woods. (gamer 2)
Yeah, but that Annika isn’t bad either. (gamer 1)
That was close! (some spectators have arrived, cheering)
There was no winner in this – oh yes, that was me! (gamer 3)
Now don’t you pass me or overtake me or I’ll hit you with the stick (LAUGHTER).
(game1 to gamer 3)
It’s been good to see them, watch them – you can tell they had fun. (caregiver)
They become more alert after playing and seem to carry a feel-good feeling for quite some
time after. (caregiver)
I didn’t expect it to be such a success. (relatives)
The conclusions from the project show that many of the elderly gamers in the
project enjoy making more use of their physical movement abilities. They would
like to be given more opportunities and to be encouraged in their everyday life to be
an active participator. They were also motivated to participate in design solutions to
make the controller easier and more powerful to use. The exergames (after some
modifications) compensates for, many of the physical weaknesses in strength and
fine motor skills that would have made it impossible to do well on the golf course
or in the bowling alley, not to mention the water activities. The system provided a
level playing field and fair competition because it was playable despite significant
differences in the gamers’ abilities. The elderly seemed to be motivated by the
system structure of something being at stake, that you might lose or might win, and
that you need to learn to master the game by exploring how it works. Their days
were normally filled with the same activities, and variety was scarce, and their
participation declined as they lost certain abilities. From monotony to autonomy, from
being cared for to being in charge. The exergames managed to support the feeling of
“being in control” and “handling the situation” for elderly people suffering form
dementia who often have to cope with losing abilities. Surprisingly enough they
seemed to be motivated to stand up, put their support to the side, grab the
controllers, and start to compete and socialise. Through observations of the elderly
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gamers during playing, and based on many of the gamers’ comments, I concluded
that the gamers enjoyed the experience of the physical action almost as much as the
score they got. Comments such as, “It is good to use the body, I got pain in my arms
and I liked that ”—and observations that although we tried to coach many of them
to score by telling to make just tiny little movements without much force they
overdid it both in force and in amplitude of movement and missed the goal—
suggest that strenuous physical activity was a motivating factor for playing the
game. For example, in golf, where a tiny little movement would have made the
shot, many of them over and over again went full-force really stretching out and
showing power and force in their swing. In this situation it became somewhat
frustrating for us in our coaching role. However, those situations often ended up in
laughter after several shots jumped over cup. It was not until the analysis of the
empirical material that I came to fully realize that they were actually very clear in
their intention—they liked to make use of their physical force. Involving the elderly
in physical activities through exergames can be seen to incorporate knowledge on
movement from social, cognitive, and physical perspectives. The results of this
research were at that time to some extent novel in that it contradicted certain
generally accepted ideas.
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5.2.1

Summary

Participants: 22 selected gamers in the ages between 80 and 91 years old (not
including care-givers or relatives).
Period of time: The first part of the project was run at one site for 4 months of
active playing for 3 hours two times a week, and there was some preparatory time
required to purchase, arrange, and set up the system. The second part was run at
three facilities for 12 months. Eight months passed between the two projects (but
they were still playing at Ockelbo when I came back for the second part) from 2008
to 2010.
Environment: Eldercare units, including outpatients and in-patients.
Conclusions:
• Through PD our preconceptions, prejudices, and biases as researchers,
caregivers, and managers were exposed.
• Many of the elderly and their caregivers described how inactive and
sedentary everyday life tends to be for the elderly. Providing occasions for
physical activity in everyday life for the elderly seems difficult and they are
at risk of becoming increasingly passive.
• Many of these elderly people suffering from dementia and from poststroke disabilities can enjoy learning, competing, and socializing, and if
these participatory aspects can all be combined in the same activity this is
even better.
• Many of the elderly gamers in the project enjoy making more use of their
physical movement abilities. They would like to be given more
opportunities and to be encouraged in their everyday life to be an active
participator.
• Activities that include an aim other than training physical movement seem
to motivate physical effort and exertion as an added value. It is important
to provide opportunities to let them use their maximum exertion!
• There is an inherent value of actions that have an effect on the future and
of not knowing the outcome - having something at stake—knowing that
there is a risk that you might lose—that is thrilling and physically
motivating.
• Providing opportunities to be physically active in a forceful way is
appreciated by and beneficial to the elderly participants. They report pain
in the arms after exergaming as a positive experience.
• Too much focus on avoiding strenuous situations or muscular exertion
seem detrimental to the participants.
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5.3

Case 3: Students at the University

Based on my experiences that there was a lot of action, joy, and movement hidden
in the old and stiff bodies of the elderly participants in the previous project who
were suffering from dementia, post-stroke disabilities, or other disabling
experiences, I went on to explore another age group and another setting. How can
design-students be invited to explore their physical abilities as a tool during the
design process? The description that follows derives from explorations together with
design students within the university and from field explorations. During two
design courses in industrial engineering and management, 30 students explored
outdoor gyms and 29 students explored office environments. The duration of each
course was 6 weeks.
During the first course, the students, who were divided into 9 groups, were
critically exploring and redesigning outdoor gym facilities in and around
Stockholm, Sweden. I introduced the students to the concept of trying their own
movement possibilities as a tool for sketching in something I defined in paper IV as
physical movement sketching. The general aim was to explore ways to include
physical movement as a frame of reference for future design, largely through
inviting the designers themselves to explore their own bodies’ movement capacity as
a potential tool in that work. Designers sketch, visually assess, and make decisions
for the development of products and systems. If a method that directly uses the
designer’s physical movements’ as a sketching tool is included in the design process,
then interactions between these future systems and products and their users might
have a greater potential to involve physical activity. The aim from my perspective as
a teacher and as a researcher was to start exploring the question of how we can teach
embodiment in design. Or more specifically, how can we teach perspectives on
physical load, physical activity, and movement participation/inclusion in design?
Could this way of using physical movement be included as a design dimension in
the creative process?
Most of the data generated in this project were self-reflections in the form of
written texts that each student had to hand in at the end of the course. I received
oral agreement from the students to use the material in my research. A detailed
description of the course, the students’ work, and how I generated and analysed the
data can be found in papers IV and V.
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5.3.1

Outdoor gyms

A relevant question to ask is why one would focus on outdoor gyms when these
have such an obvious focus on physical movement. Because my ideas for exploring
movements as a way of sketching were in their very initial stage, I would have
needed a smaller number of individuals and more time for feedback and reflection if
this question were explored in a less movement-inclusive setting. A design task
focusing on outdoor gyms meant that movement was already a central component
of the setting and as such it provided a “safe environment” for movement to be
tried and explored.
A short introduction to outdoor gyms might be appropriate. An outdoor gym is
simply an exercise facility placed outdoors in a public space such as a park or in
close conjunction with an area for sports. Outdoor gyms are becoming increasingly
popular and have gained great “success” at least in terms of the number of gyms
that have been created. Outdoor gyms are usually paid for by the community and
are free of charge and open for everyone to use. I have observed and tried them in
several countries throughout Europe and in Beijing (see Figure 12). In Sweden,
there are specific gyms that are developed for the elderly. The outdoor gym has its
origin (at least for the modern version of such facilities) in China. Prior to the
summer Olympics in 2008, the Chinese government placed numerous outdoor
gyms in public places to stimulate physical activities, as seen in this YouTube video
(http://www.youtube.com/watch?v=zAeabu8HWT8).

Figure 12: Action at an out door gym in Beijing visited in August 2009.
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Before the nine groups of students went in search of outdoor gyms in different areas
of Stockholm, they got to try Physical movement sketching. First they explored it as a
more open-ended movement in order to “warm up”. They were asked to explore
their bodies’ range of motion or even beyond their support area, beyond balance.
They should notice the sensations, feelings, and thoughts that are evoked. Then
they were given a more focused area for the movement exploration so as to start
sketching ideas for movements that they would like to perform in an outdoor gym
setting. Then the students met up in their smaller project groups and mimicked
each other’s movement sketches, and this allowed them to share and use each
other’s individual experiences with their movement sketches. Finally, they discussed
and reflected on these movement sketches within the group. It was a matter of trust
to show others unconventional movements or ways of interacting during the course.
In short, physical movement sketching is an attempt to use movement to develop
an idea, to experience that movement, to transfer that movement to be experienced
by others through imitation, and then to reflect on the movement through
discussion.
For the design tasks, the students were provided with instructions to search and
explore how Physical Movement Sketching could be used to test the limits and
possibilities of the outdoor gym in a given area in Stockholm. The students were
then to generate data from other users and experts such as developers and managers
in charge of outdoor gyms through methods such as observations, interviews
supported by prepared questions in the form of a short survey, and simply giving
time for the user to tell their story about issues concerning the outdoor gym. As I
followed the students’ design work together with a colleague, I got to listen to their
generated stories from their interviews and observations. I learned that one quite
frequent type of outdoor gym was designed to cater mostly to very strong and large
individuals. In interviews with parents and their children at a playground, the
parents asked for items such as a steeplechase course for children and adults to be
able to play on together. Some told the students that it was boring to be at the
playground with their children and that they were using their smartphones to have
something to do. The students focused on several groups of users, including
children and parents (families), other university students, and the elderly. For the
group that had chosen students for their design, it became obvious that they
themselves started to reflect on the fact that the outdoor gyms were free of charge
but that they were somehow not cool or socially attractive for the students. They
engaged in how to motivate students to use outdoor gyms, and they identified a
placement near a student dormitory for a possible setting for an outdoor gym aimed
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for this particular user group. More details about physical movement sketching and
the students different design concepts are discussed in paper IV.
Did I find any traces or influences from the physical movement sketching in their
final design? No, this was not really obvious in the designs as such, but it was
obvious in the design process. I was aiming to generate data on the students’
experiences of using their body movements as a tool for exploration and sketching,
and a thematic analysis was used to extract the essence of the students’ reflections
on their experience with physical movement sketching. Four themes were
discovered, and physical movement sketching seems to be able to open up the
discussion, generate early moving concepts, generate feelings, and generate a notion of
physical load. All the citations originate from different students and are provided as
examples of text that generated the theme.
1. Open up the discussion – Performing physical movement sketching as a group
opened up lines of communication between the students and it was described as icebreaking to perform their ideas for future design issues, to mimic each other’s
movements, and then to discuss their movement ideas with each other.
“To perform ‘strange movements’ seems to have opened up the somewhat difficult
language of communication between us.”
“The experience in your body of the movement sketch gives you some material to discuss
with end-users.”
2. Generate early moving concepts - Physical movement sketching provide an
experience of the “future movement” that might be overlooked or not
communicated if relying on traditional sketching methods. Further along in the
design process, physical movement sketching was described as rather useless because
at that stage knowledge needed to be searched for and found elsewhere among other
methods or areas of knowledge such as biomechanics, anthropometry, and
ergonomics.
“One generates ideas that might not have come up if using only discussion and pen and
paper sketching.”
“Through the movement sketching, it became very obvious that we all had different
preferences on how to move since our previous experiences were all different.”
3. Generate feelings – This was described as a potential obstacle because a strong
feeling could be hard to suppress and set aside if other data pointed towards another
road for the design than what the designer had experienced through their
exploration during physical movement sketching.
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“If it ‘feels good’, it can be difficult to change the design even if the result from the enduser survey shows that they want something else.”
“Your own experiences tend to be very strong and might trigger you to solve the problem
you encountered in the bodily sketching.”
4. Generate a notion of physical load – Having a focus on the movement and postures
included in these movements seemed to have managed to provide an initial sense of
workload. This concept was especially obvious if the sketch included props.
“We experienced how parts of our body felt quite heavy after quite a short amount of
time. We used the experience of the movement sketch to inform the questions in our enduser survey.”
“After the body sketch you can easily go back in your memory and refer to the experience
of feeling the weight or the load.”
From the analysis of the students’ reflections on their experience with physical
movement sketching, I conclude that physical movement sketching is able to evoke
strong feelings, open up discussions, generate early moving concepts, and generate a
notion of physical load. Out of the four notions, three were described as adding
something of positive value, but one could have a negative effect on the design
process. I was surprised that the students described physical movement sketching as
evoking strong feelings to such an extent that this could make it difficult for them
to change directions for the design.
It seems that physical movement sketching might lead to a broader variety of inputs
for the design. It may be looked upon as “rapid ergonomics” in the broadest sense.
So, why not just teach physical ergonomics, anthropometry, and biomechanics? In
my own experience, it is difficult during a short course to extract the essence and to
provide an inspirational setting for these subjects. These perspectives are difficult to
make tangible. The books within these fields tend to be heavy bricks, and the
developed ISO standards are not easy to access and are difficult to include in the
early phase of a design course (Tobiasson, 2011).
5.3.2

Office-work

Outdoor gyms are becoming more and more popular and can be found in many
countries throughout the world, and there seems to be a never-ending variety of
training and exercise methods being developed. However, research results indicate
that we are becoming more and more sedentary and inactive in our everyday lives,
and many professions have seen their physically demanding work tasks transformed
into office work. Although, the potential to leave the office behind has been made
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possible thanks to developments in mobile technology, many workers are still
performing most of the work tasks seated for extended hours during a normal
workday. See Figure 13 for three examples of office settings, two sedentary and on
at a standing desk. If the manner of working is mainly sedentary for long period of
times without breaks it is related to health issues such as an augmented risk for
metabolic syndrome, cardiovascular disease, obesity, and cancer (van der Ploeg et al.
2012, Ryde et al. 2013). It is hard to compensate for extended daily periods of
being sedentary through regular physical training.

Figure 13: Office at the Metro station and at two different companies.

Students participating in the second design course approached physical inactivity in
office settings. This time 29 students (20 women and 9 men) divided into eight
groups were provided with a design brief to explore office environments and
through methods such as participative observation, interviews, questionnaires, and
prototyping develop concepts or physical prototypes that could be used to
investigate the situation and to design support for physical activity in the office
environment. I received oral agreement from all participants to use their data for
research purposes. Together with two research colleagues I supervised the students’
design process, and through their final reports and through the discussion during
the supervision session it became obvious that the office environments the students
visited had already taken actions to support physical activity, but the products or
possibilities were seldom used. There were Pilates balls, sit-stand desks, and other
equipment aiming to provide support for a variety of physical movements and
postures. Notes were placed within the office environment to motivate physical
activity, but these exercises were almost never performed. Some of the office
workers said that it was not socially attractive to do these kinds of movements. They
did, however, say that they were moving when going to the coffee machine several
times per day even though they did not drink all the coffee they picked up. The
outcomes of the students’ design work are discussed in paper V.
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At the end of the course, the students were asked to hand in a 3–4 page individual
reflection. They were also given the possibility to share any other matter related to
the course in their reflections. This exercise was optional, but it was mandatory to
write some reflection on four predetermined themes, Office, Movement, Work and
Design. The generated data were analysed through thematic analysis (Crabtree and
Miller 1999). The aim with the task and the analysis was to find out what reflection
these themes triggered and generate knowledge to be of value for future designs.
The use of thematic analysis within HCI has been described as valuable for
evaluating and/or informing design (Pykhtina et al. 2012, Tanaka et al. 2012, Toth
et al. 2012).
Reflections on the notion of office, indicated that the students had identified a
paradox in which computer technology has been part of reducing levels of physical
activity in the work task in office settings but then props that have no relevance to
the work task are added to promote physical activity.
“Office work is often referred to as done by someone working with information,
administration, paperwork, with a laptop or a desktop computer. Sitting in front of a
computer, performing light flickering with the mouse and tapping on keyboards.”
“Equipment at the office is not so easily changed – a computer, a phone and a printer do
not really urge you to be physically active.”
In the reflection on the notion of work tensions were identified when it came to
how work tasks are performed, and there was, to a certain extent, a critical
perspective on what was being done. If the movements are not included in the
actual work activities, they seem superficial.
“It is a paradox and a stress factor that management puts pressure on their employees to
be physically active and yet more effective – if the workplace design and the work pace do
not support physical activity, why talk about it?”
“Many work situations include a lot of documentation and administration nowadays in
order to check and measure resources and efficiency. No matter the profession, many of us
have to document everything we do.”
The students’ reflections on the notion of movement were quite disparate. In their
explorations of office settings, the students identified issues of regulations and
policies concerning health issues at the office, but during the discussions they said
that they did not think that regulations would help to remedy the sedentary
situation. They described movement in everyday life as not such a big issue and
how people are problem-solvers and will deal successfully with problems of
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inactivity. At the same time, they described perspectives of movements in everyday
life as being on the losing end in the drive towards efficiency.
“Humans have designed and overcome problems throughout history such as moving fire
between places and getting oneself transported over the Atlantic. It would not be likely
that we will continue with this sedentary behaviour and slowly die out as a species. We
will overcome this problem.”
“One does not post on social media that one peeled potatoes or just did some simple
activities – one posts something if one ran 10 km or took part in a competition.”
“There are regulations for ventilation, noise, lighting, space, etc. and we get
opportunities to be physically active during office hours, but the job as such does not
demand physical movements to any great extent.”
In the reflections on the notion of design, the students described design as a
powerful tool that could promote and enable change. Design is described as to a
minor or greater extent being actively involved in shaping the context in which we
live. In these workplace settings, design can increase or decrease opportunities to be
physically active in everyday interactions.
“Both artefacts and environments are designed – design has great impact on the way we
can interact with people and things in our environment. “
“I see our university from a different perspective now after the course – the entire school
is designed for sitting. I have started to stand, but by doing so I stand out.”
“Design can be used to form our everyday environment – it is something that is not just
there. We are responsible for the sedentary and stressful work climate that we have.”
The results from the analysis of the reflection on the four predetermined themes,
Office, Movement, Work and Design generated a picture that describe work-tasks as
lightweight in interaction, including a lot of documentation and performed in a
seated position. Although the tools seems to have been changing form desktop to
laptop from stationary to mobile as in computers and phones the environment
seems to still be rather traditional in the explored office settings. The equipment
and the work-tools are discussed as not easy to change and not supporting or
inviting to augment levels of physical activity. Finally, design is described as a tool
for change but also partly involved in the existing situation in the explored settings.
Apart from the results from the reflections on the predetermined notions, during
the analysis of the free reflections it became clear that the students had taken action
to change their own level of physical activity. They described how they came to
realise that they are seated for many activities in their daily lives from school, to
studying, to entertainment, to shopping and how they desired to change that
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situation in order to increase their levels of physical activity. Many of the students’
described the school environment as designed for sedentary behaviour and as such it
was difficult to re-design the environment or change behaviour when at school
where they were sedentary for most of the time.
The students took action altering the ways they travelled to school. The choices of
how to get to and from school might be salient, but at school the choices for
changing behaviour from being sedentary to being more physically active are less
obvious. Traveling to school was something they had to do no matter what, and it
was an activity in which they could find ways to make it more physically
demanding. They described how they started to walk to school when they realised
that the distance was not that far. Taking the bus or the subway had simply become
a habit. However, they also shared their doubts about how long they would manage
keep walking, and some of them were concerned that they were likely to step onto
the subway or hop on a bus after a while.
The data were analysed by thematic analysis (Braun and Clarke 2006). This method
was used to identify, organize, and understand the generated material, as thematic
analysis can support the interpretation and understanding of the research. Citations
from different students under the themes are provided as illustrations of the text
that generated the theme. As a result, the following three themes emerged:
discovering habits, describing postures, and changing behaviour.
Although the students themselves were not the focus of the enquiry at the course,
they started to “see” and discovering habits, which may bee seen as a first step in the
process of actively changing behaviour.
“Before starting up my studies at KTH, I worked as a ski instructor in Canada. I had a
lot more energy after the workdays then. I know that I am all too sedentary in my
everyday life, but I cannot find ways to change the situation. It is affecting my sleeping
pattern and I often have pain in my neck, shoulders, and back.”
“Sitting is very much fundamental and integrated in my way of living my life – it is
comfortable to sit. Nothing is really stopping me from going for a walk for a short period
of time, but I have never done that. Maybe in my next apartment and in future work
situations I might change the habits and routines that I now live by – seated for most of
my awake hours.”
The theme of describing postures, evolved from texts where the students shared how
they discovered their sedentary habits and they described the problems in more
detail. They identified when the problematic postures occur, and they related the
postures to situations and contexts thus narrowing down the design space.
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“I have friends that have been working for some years after university studies and they
say that the work situation is much less flexible and much more seated than the situation
during heir education. They are much more desk and screen bound now.”
“I sit during my studies, I shop on the net sitting in front of my computer screen, I
entertain myself through video games, etc. in front of a screen. Or I do all these things at
the same time by multitasking but still through the exact same physical movements.”
The students described how realization was the driving force for the changing
behaviour. This seems to be a strong motivating factor for finding a way out of the
described problem area. Discovering possibilities and alternative ways of behaving is
connected to self-efficacy, design solutions, and theories of behavioural change. The
students were also concerned with the sustainability of these new habits. How much
can they (the students) rely on continuing these changes of behaviour when the
context, the environment, and the social cues do not support this kind of change of
behaviour?
“I realize that the course has made me change my behaviour when it comes to how I
travel to school. I used to take the bus or the subway but now I try to walk as much as I
can. As we discussed during the course, I wonder for how long I will be able to maintain
this change. I feel that the risk is high that I will slide back onto the bus and subway
after a while.”
“I started to walk to the university instead of taking the bus. I realize that the design for
students involves sitting postures and that we tend to focus on the tasks and thereby forget
to include physical variation – I feel my body hurts a lot after studying for exams but I
do not experience the pain until the exams are done.”
A concluding remark on the results from the free reflections that revealed the
students discovering and attempts to alter their sedentary situation at the university.
It made a great impression on me as a teacher and a researcher that the students
took action to alter their sedentary situation. Only that I think the way they
proceeded can be taken as a call for action for those in charge of the design of the
university.
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5.3.3

Summary

Participants: 30 students (21 women and 9 men) engaging in outdoor gym
environments and 29 students (20 women and 9 men) engaging in office
environments. In total 59 students between 20 and 30 years old.
Period of time: Each course was 6 weeks for a total of 3 months.
Setting: University classroom and field explorations.
Empirical material: Presentations and reports from the design groups in the two
courses all ranging from about 30 to 40 pages (in total about 500 pages) and the
individual reflections from the 59 students all ranging from 3 to 4 pages (in total
about 200 pages).
Method of Analysis: Thematic analysis
Conclusions:
• Physical movement sketching seems to be able to act as an icebreaker and
open up discussion, further the generating of movement concepts early in
the design process, generate feelings even if these are too specific and
difficult to translate into the final design and sketching through the means
of physical movements seems to provide an experience of physical
load/workload.
• Changing office settings to become less sedentary has been attempted for a
long time, but the results do not seem to be sufficiently effective.
Computer technology at use is mostly mobile but the user-situation is
described as sedentary.
• Out-door gym is a quite recent innovation aiming at enhancing
possibilities for different user-groups to participate in physical activity free
of charge. Design issues about collaboration, ergonomics and attraction or
aesthetics were identified among the user-groups.
• The students’ described the school environment as designed for sedentary
behaviour and as such it was difficult to re-design the environment or
change behaviour when at school where they were sedentary for most of
the time.
• They described how they came to realise that they are seated for many
activities in their daily lives from school, to studying, to entertainment, to
shopping and how they desired to change that situation in order to
increase their levels of physical activity.
• The students initiated change by changing their method of transportation
habits so as to become more physically active but were concerned that the
change of behaviour would not continue over time.
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5.4

Case 4: Office worker at the office

With the knowledge generated together with the students about office
environments, a colleague and I developed and received data of user experiences
with three different movement probes. I re-examined the students’ design work from
the course and found the following to be common descriptions of the results from
their field explorations:
•

Office settings visited seem to mostly provide sedentary work tasks in
front of a computer screen of various size and numbers. Laptops and
smartphones are common work tools.

•

In terms of workload the tasks seems low and related to MET mainly
between 1.5 – 3 METS.

•

There is a myriad of products and services at the workplace visited, among
others, balls, flexible desks, break-time gymnastics, gym facilities, and
financial support for physical activity outside the workplace aiming at
enhancing levels of physical activity.

•

The office-workers described that these products and services are seldom
used. This seemed to partly be due to that one had to change from the
work-task to focus on physical activity and that using these products for
physical activity was not seen as socially acceptable.

•

Motivating factors to get up from the office chair were the coffee machine
and the water cooler, to chat with a colleague, going for lunch or
collecting items from the printer.

Many of the approaches, seems to have been focusing on adding products in order
to enhance levels of physical activity and remedy prolonged sedentary postures.
There is a broad array of products, apps, and systems available on the market that
can be used to monitor and motivate individuals to be more physically active in
their daily lives. On their own monitoring or coaching products do not provide the
means for becoming more physically active and less sedentary in the office
environment. Redesigning the work tasks and the work tools to include augmented
levels of physical activity has not attained great focus.
Motivated by the results from case 3 that indicated that office worker asked for
movements to become an integrated part of the work-task we decided to further
investigate how this could be approached by developing, what we define as
movement probes. In this case the movement probes combine training equipment
with office equipment. A treadmill, a step-machine, and an exercise bicycle were
combined with tablets and laptops, see the Movement probes in use in Figure 14.
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The rationale for the selected combinations was that we wanted a mix of activities
that should not be extremely hard or difficult to perform while doing current office
work tasks, and we found that walking, stepping, and biking fit this criterion. The
tasks selected were similar to what our participants would do at work, including
reading, writing, watching, and listening. The aim of the study was to generate data
on user experiences in order to frame and support next step in the area of
exploration. Office workers were invited to explore the probes by sending out a
mailing to employees at a large university department with a mix of PhD students,
researchers, and technical and administrative support personal. Thirty participants
volunteered, and they were between 25 and 69 years old and consisted of 14
women and 16 men. They were asked to use these movement probes and to provide
their experience by answering a survey. Directly after filling in the survey, the
participants were offered the opportunity to give comments in relation to the test
situation or any matter related to their work situation. They were all informed and
agreed to that photos and generated data would be used to share and communicate
results within the research community and to the general public. The movement
probes were different both in terms of the equipment used and in the task
performed, therefore no parameters associated with the experimental conditions
were isolated. The evaluation cannot compare or point out any specific factor of the
design that can be clearly related to the answers on the survey. In stead, we were
seeking a deeper understanding of the area of inquiry (levels of physical activity in
office settings and how design of work activities in office environments can provide
for more opportunities to be physically active) trough the user experience data (how
the participants described the use of the movement probes and their current work
situation). Focusing on users experience of interacting with early stage technologies
is described in Klasnja et al. (2011) as equally important and promising for
supporting researchers in their strife for gaining an understanding of their design, as
evaluating the efficacy of a specific function of that technology (if the technology
are performing according to the intention from the researchers or the developer
from a more quantitative perspective). Although, in this setting, the participants
explored movement probes and not an early stage technology, the motivation for
focusing on user experience is similar as described by Klasnja et al. (2011). In the
given context of office settings, the results provided a kind of design hypothesis
inspiring further explorations by us and by other researchers as described in (Hekler
et al. 2013).
The total time for one participant to explore all three movement probes where
about 25–30 minutes or more depending on how many comments the participants
wanted to share with us as designers and researchers. The time limit was set after
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pilot explorations of the three movement probes by myself and after reflection on
the time limit that could be appropriate for asking the participants to attend the
explorations, since they were not given any compensation for their effort apart from
a free cinema ticket. They came one at the time so there were never two participants
in the test at the same time. They were all provided with the same designs to
interact with, and the survey was in digital form. The participants explored:
A: A combination of using a bike and reading a text on a tablet. The selected text
was from the university website and included late-breaking research news.
B: A combination of using a step-machine and watching a video on a tablet (also
late-breaking research news) with the sound provided through Bluetooth
headphones.
C: A combination of walking on a treadmill and filling in the web-based survey on
a laptop that generated user opinions about the probes and about the users current
work situation.

Figure 14: the movement probes A, B and C in use.

5.4.1

Results from the survey

The survey, a mix of questions and statements (Likert items) 24 in total, generated
data, for example, about the perceived exertion of interacting with the probes, the
order of preference of the movement probes, interest of using them at work, open
questions on what they liked and did not like about the movement probes and
questions about the participant’s present work situation. At the end they were given
opportunities to share comments and thoughts. The survey answers and the
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comments in direct connection to the movement probes exploration are the
empirical material in this case. Some of the results from the survey will here be
shared.
Questions concerning the participants’ current work situation and levels of physical
activities made use of a 10-point word-based Likert item response format from 0
(never or not at all) to 10 (always or extremely). The last question made use of a 5point word-based response format (Carifio & Perla, 2007).
Out of the 30 participants 90% answered that they most of the time were
interacting with computers during the work-tasks. More than 70% did answer that
they where sedentary, the work tasks monotonous and more than 80% reported the
work as not physically demanding. 80% answered that they would like to make use
of their physical ability to a greater extent during the workday. Physical activity was
mostly done (evenly scored) during leisure, domestic time and during local
transport. None of the 30 participants scored work as the most physical active
situation.
The participants were asked to grade their preferences with respect to the movement
probes A, B, and C on a 5-point word-based (1 - lowest to 5 - highest) Likert item
response format. The frequencies or the distributions are given in Table 2.
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Table 2: Preferences of movement probes A, B and C.
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The following pie charts (Table 3, 4 and 5) show the distribution of the 30
participants answers to the question how they experienced the combinations of
activities in the different movement probes. The question was motivated by the aim
to gain a deeper understanding of user experience of levels of physical activity
during work tasks. The mean value 2.9 is just below Average for station A, 3.9 just
below Good for station B, and 3.0 just over Average for station C.

Table 3: A - Experience of biking and reading.

Table 4: B - Experience of stepping and watching the video.

Table 5: C - Experience of walking and typing on a laptop.
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The participants were asked if they would use the movement probes or similar ones if
these were available at their workplace. Although this is a speculative question it
provided some data on possibilities of use over a longer period of time and in their
everyday work setting. Possible answers on a 6-point word-based Likert items
response format were: no, not likely, maybe, somewhat likely, most likely, and
definitely.
A: responses (16-14) were almost evenly divided between more likely and more
unlikely. Presented as mean value 3.6 on the response format in between maybe and
somewhat likely.
B: responses (10-20) on the more likely side were double those on the more
unlikely side. Presented as mean value 3.8 on the response format closer to
somewhat likely than maybe.
C: responses (8-22) on the more likely side were more than double compared to the
more unlikely side. Presented as mean value 4.4 on the response format between
somewhat likely and most likely.
Presented through the mean value movement probe A with 3.1 was ranked the
lowest, B with 3.9 was ranked as the most preferable and C with 3.7 was ranked
slightly lower than B. They also rated the movement probes according to percieved
exertion using the Borg scale the rate of perceived exertion, (RPE) which measures
how strenous they experinced the use of the probes. The interval of the scale is from
6 to 20. Related to the mean value, station B was rated as the most strenuous with a
mean value of 10.9, followed by A rated as less strenuous at 9.8, and finally C, the
least strenuous with a mean value of 9.1 on the Borgs RPE scale. Although, the
rated perceived exertions differs between the movement probes, most of the ratings
are within the range of what people usually are able to maintain for a longer period
of time, much longer than the actual time for the testing, according to the Borg
RPE scale.
The different mean values presented are used mainly as a way to provide material
for discussion since transforming word-based response items into numerical items is
not really applicable in this case. The research focus has been to generate data of
user-experience in an open and exploratory format. The generated data is here
approached as a descriptive level aiming at guiding or informing future design
research. The mix of open free text questions, different word-based Likert items
response format and the concluding dialogue enhances the understanding of the
research focus. To provide the participants with physical activity in close
connections to tasks that are similar to what they are doing during their work-
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situation provide an opportunity to explore and reflect on physical activity and
movement in (in this case) office settings.
In Table 6 the mean values of some of the questions are presented in a matrix form.
A

B

C

RPE

9.8

10.9

9.1

Conditions
for the
combination

2.9

3.9

3.0

Preference

3.1

3.9

3.7

Use at the
workplace

3.6

3.8

4.4

Table 6: Mean values of results from some of the survey questions.

A reflection is that, although movement probe B was highest ranked on the RPE
scale it was also ranked as the highest when reflecting on the experience of the
conditions for the different combinations of activities (movement probe B stepping
and watching a video). Movement probe B also generated the highest mean value
when ordering the movement probes according to preferences. Even though
movement probe B was experienced as the most strenuous, it was the most
preferred by the participants. Followed by movement probe C that was rated the
least strenuous but almost as highly preferred as movement probe B.
Then when it comes to the questions which movement probe the participants
would use if it were present at their workplace, movement probe C received the
highest mean value among the three.
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Finally, some of the answers from the free text questions where the participants
were asked to describe what they liked and did not like about the different
movement probes (A, B, and C) and some comments are given below.
Movement probe A
“Too much movement to work a touch screen.”
“A little difficult to focus in the beginning, much easier after a while. But of course it
depends on the content of the text. Also, I felt like my knees did not like biking.”
Movement probe B
“The stair climber and listening was perfect. With a low setting on the machine, I
probably would have done it for quite a while, even without thinking about it.”
“It was nice that one can go on pretty hard without losing focus on either the movement
or the movie.”
“The movement was a bit strange. It felt a bit strange to do it, but at the same time it
felt good.”
Movement probe C
“Surprisingly simple to walk while thinking and writing, felt quite comfortable.”
“Walking while typing was the most difficult task, but the difficulty was lowered when
the speed was lowered. Overall using a computer while walking is very pleasant.”
“I like the posture you get while walking. You can’t hunch down over the computer.”
“It felt natural to go and write simultaneously. Maybe felt a little more alert when
moving about too.”
“Not as effective as writing while sitting or standing still.”
“Walking disturbs other activities for an old man. Clicking the chosen alternative was
tough and error-prone.”
The free texts answers and the comments may be reflected upon and discussed in
relation to the outcome of the survey. Comments on the experience of using
movement probe A where not that many and the comments where mainly on the
negative side. Movement probe B where described in more positive terms in words
but also described as providing a mix of feelings “The movement was a bit strange. It
felt a bit strange to do it, but at the same time it felt good.” Although B received the
highest score in preferences movement probe C received most comments among the
three probes. Comments where both negative and positive. Sometimes somewhat
contrasting as illustrated by the two comments: “Surprisingly simple to walk while
thinking and writing, felt quite comfortable.”
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“Walking while typing was the most difficult task, but the difficulty was lowered when
the speed was lowered. Overall using a computer while walking is very pleasant.”
The conclusion from the 30 participants description of their exploration of the
three movement probes and their description of their current work-situation point
towards that the exploration of the probes provided an opportunity to reflect upon
and discuss physical activity in relation to work-tasks at office settings. To actually
“do” physical activities and in close relation to the “doing” focus the discussion on
the experience of physical activity managed to highlight the area of interest through
a direct link between action and discussion. In the explored settings office-work are
described as sedentary, monotonous, mostly performed as an interaction with
computer technology and mostly including lightweight interaction as seen from
muscle force amplitude. The participants describe the exploration of the movement
probes mostly in positive words and state that although somewhat difficult to
combine the two different activities and that the combination had a negative effect
on efficiency of the work-task at hand they enjoyed and appreciated to be able to
augment levels of physical activity during work-tasks performance. Many of the
participants also describe that lowering the speed or the phase of the treadmill or
the staircase would enhance performance of the work-task at this stage of the
exploration. Some of the participants described how they thought practice would
make them perform the combination of activities in a more efficient manner.
Although many of the comments where reflections on efficiency and task
performance the free texts and comments directly after the explorations are also
reflections on how the explorations made them feel. Words such as, pleasant,
comfortable, natural and “it felt good” was common. The results from case 4
indicate that physical activity integrated into the work tasks are preferred by the
participants and may have a greater chance of motivating physical activity to
become a sustainable choice in office-settings. Moreover, the participants preferred
physical activity that was somewhat strenuous. More details of the methods and
results are presented in paper V.
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5.4.2

Summary

Participants: 30 participants, 14 women and 16 men aged 25 years to 69 years
Period of time: 4 months purchasing equipment, 2 months building the probes
and developing and pilot testing the survey, 1 months for a test period, and 1
month for analysing the data
Setting: office environment
Empirical material: results from the survey and comments directly after
movement probe exploration Method of Analysis: Survey numerical
presentation and reflections on comments in relation the survey responses
Conclusions:
• The 30 participants were able to bike and read, step and watch a video,
and walk and type. They differ in how they perceived their skill in
handling these combinations.
• They report that they mostly enjoyed the activity. Some told us that they
thought their performance would improve through practice.
• The 30 office-workers described their current work situation as
overwhelmingly computer bound, sedentary, and monotonous.
• They desire to be more physically active during work-task performance.
• Equipment added to enhance physical activity were seldom used.
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5.5

Overview of the four explorative cases

The whole picture - an overview of the four explorative cases is illustrated in matrix
form (Table 7).

Table 7: An overview of the cases and crosscutting common conclusions.
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A crosscutting common conclusion evolved as a result when the conclusions from
the four explorative cases were put together (reflection on action). The conclusion
in the separate cases had been generated through reflecting on the field explorations
using among other methods participant observation, probing, prototyping, and
interviewing.
The crosscutting common conclusion show how the participants in different ways
described how their physical abilities are not acknowledged in their settings and
how their work-tasks or activities at focus in their setting does not allow them to be
as physically active as they would like. They described how their movement abilities
or abilities to be physical active are not considered or taken into account to the
extent that they desired—they seemed to long for something to throw their hands
into, some resistance, something that would make them expend more energy than
their present settings required, more variation in movements, less sedentary and less
monotonous movements. They described how the design of the setting did not
support this need; there were artefacts, activities, and equipment aiming to promote
physical activity, but these were not very motivating and seldom required for the
actual work-tasks.
In the design of tools and environment at the office, the university, and the
eldercare units, opportunities to use physical movement, especially in a forceful
way, seem few. I found few traces of movements in these settings—nothing where
muscle force above 1–1.5 METS was needed, which equals being sedentary with
only baseline energy expenditure. Some of the participants demonstrated ideas for
future design. Active participation, to physically explore and making things together
stimulates user involvement and nurtures discussion while at the same time
providing opportunities for increased levels of physical activity and energy
expenditure.
The children demonstrated a confidence in their physical abilities and made use of
them in their concepts for a sustainable future. They made use of activities and
abilities such as lifting, carrying, and stepping, and they relied on their movement
both as a means to save and to produce energy. They problematized activities that
produced energy but did not make any use of that energy—it was wasted.
The crosscutting common conclusion addresses the first research question: What
levels of physical activity are present in societal settings such as eldercare units, schools,
universities and office environments?
The crosscutting common conclusion did also reveal a design gap between the
human desire to, need of, and opportunities for, engaging in physical activity. How
can this desire for meaningful resistance be approached from a design perspective?
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That design gap became part of the design space and the motivation for the
development of the second research question addressed in this thesis work: How
can the design and development of artefacts, systems, and context-related
conditions in settings such as eldercare units, schools, universities, and offices be
informed by physical activity knowledge? More exact: How can knowledge of physical
activity inform the design and development of interactive artefacts and systems in these
settings?
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5.6

Summary

From the results and the knowledge generated within the different explorative cases,
a picture evolved of a theme present and common in all cases. In many settings and
situations, and for many individuals dwelling in these settings, activities do not
include or invite their physical abilities to participate to any great extent or to the
extent that the individual desires. Expressed in MET hours Physical movements are
present at levels similar to lying down. This crosscutting common conclusion
addresses the first research question: What levels of physical activity are present in
societal settings such as eldercare units, schools, universities and office
environments?
Few traces of movements were found in the four field explorations. There was
hardly any sweat being produced, few stories of use, few marks, few traces of worn
out or torn out. The exception was the children in the first case who showed already
from the start great confidence in their movement potentials and who demonstrated
physical literacy. In the second case, the elderly and their caregivers described a lack
of activities that made use of the elderly people’s physical abilities—they mainly had
tranquil and sedentary activities such as reading or sitting gymnastics. In the third
case, the students discovered and expressed that their environment at the university
and the design of the tools within that environment did not require or motivate
their physical movement to any great extent. They were mostly sedentary and as
such rarely spent energy above 1–1.5 MET. Office-worker in the last case described
their setting as sedentary and not making use or inviting their abilities for physical
activity as an integrated part of the work-tasks.
The participants in these cases show in different ways how their physical abilities are
not acknowledged or integrated into their environments—and this might be most
evident in the office environment where the tools required for the work are all
arranged to minimize the worker’s level of physical activity and separate equipment
are added to increase levels of physical activity.

103

6 Discussion
The bits and pieces introduced in previous chapters will here be discussed. First, the
crosscutting common conclusions—illustrated in the overview of the four
explorative cases will be discussed. Strengthen by related research as presented in
Chapter 3, the Frame of Reference, the crosscutting common conclusion provide an
answer to the first research question. Then, guided by the Headings that are
designed to support transmission between the different sections, sections that
discusses my results and conclusions from the four cases in relations to physical
activity and physical literacy as presented in Chapter 2 the Background, and
research literature results presented in Chapter 3, the Frame of Reference, a shift of
perspective will take place. Chapter 7 will present and describe: A Movement
Acumen Design Approach. This approach is providing an answer to the second
research question.

6.1

Complex and hidden, but globally present

Hallal and colleagues (2012) report that physical inactivity and sedentary behaviour
are present on a global scale. Although measuring physical activity is a complex
endeavour, they report that the development of the MET system and validated
questionnaires have been important for providing reliable results. Their results are
most alarming for adolescents (13-15 years old), 80% of whom do not reach
recommended levels of physical activity for their age group. This means that this
age group is engaging in less than 60 minutes of physical activity of moderate to
vigorous intensity every day (3–6 METS and above). This is cause for concern
because being physically inactive and sedentary (1–1.5 METS) is correlated to
augmented risks for NCDs such as coronary heart disease, diabetes, and certain
types of cancer, and these types of diseases account for 60% of all deaths. The
authors state that the situation has not been taken seriously enough, and they urge a
cross-disciplinary approach in order to build societies where the choice to be
physically active is ‘not only healthy, but also convenient, enjoyable, safe, affordable,
and valued’ (Hallal et al., 2012, p. 254). Part of the cross-cutting common
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conclusion, from the four explorative cases, although based on small-scale cases with
results generated through methods among other such as, workshops, interviews,
movement probes and prototyping, is inline with Hallal and colleagues (2012)
results as they, clearly indicate that physical inactivity and sedentary behaviour are
present for different age groups in many of the explored settings.

6.2

A health problem or a design gap?

Perspectives on physical activity are often discussed and studied in relation to
different health parameters (Bellardini & Tonkonogi, 2013; Korhonen, 2010;
Healy et al 2011; Van der Ploeg et al., 2012; Parry & Straker, 2013 and Ekblom
Bak, 2013). This might seem to be a straightforward approach if aiming to present
evidence that low levels of physical activity and prolonged sedentary activity are
creating health problems. If physical activity is to become an integrated part of
everyday actions to a greater extent than is present today in many settings, it might
be of value to approach the area of inquiry from a participatory design perspective.
Although the results from research within the health domain are to be taken
seriously, we might need to leave their results as background knowledge and
rediscover physical activity or physical movement as a central component integrated
in the complexity of real-life situations. In all four explorative cases in my research
the different participants (children, elderly, students and office-worker) described in
words and through design activities that they wanted to be involved to a greater
extent from a physical movement perspective in different daily activities performed
in settings such as schools, universities, eldercare units and offices and not just be
provided with opportunities for physical activities in situations that are mainly
designed with a focus related to avoiding health problems. I find it appropriate to
frame this issue as a design gap, in relation to the current state in many everyday
settings. This design gap evolved through the four different explorative cases and
was strengthen by the results from related research literature. This design gap has
been the design space that I have approached through the second research question:
How can knowledge of physical activity inform the design and development of
interactive artefacts and systems in these settings? To answer this question I turn
both to the conclusions from the four explorative cases and to related research and
notions as will be described in sections below.

105

6.3

Physical activity—from a mainly separated to a
more integrated activity

There has been a shift in the last decade in during what situations physical activity
is measured both within research and in real life. It used to be something mostly
measured during an activity performed for the sake of keeping fit, and such
activities were mostly performed during leisure time. Now physical activity can be
calculated more broadly including work time, housework and transportation. This
has balanced the picture between high and low-income countries because physical
activity in other situations than during leisure time is more frequent in low-income
countries (Hallal et al., 2012). If focusing on energy expenditure and aiming at the
health benefits of being physically active or aiming at the positive effects described
as being physically literate, it does not matter if the activity is performed as a
dedicated activity with the main aim of being physical active or if it is being done
while engaged in activities that are not associated with the general picture of
physical activity. Although not explicitly addressed by Hallal et al., (2012) one
might discuss whether work and mode of transport have become ‘leisure activities’
in high-income countries and still are ‘hard work’ in low-income countries and if
so, why? Support from technological innovation and development and a general
strive to make life ‘easy’ might be one possible perspective. In the explorative cases,
the young children expressed a desire to be physically active for the sake of both
themselves and the environment. The students expressed a concern about the
sedentary design of their university. They found it difficult to change or find
alternatives within the university, so they tried to find ways to get to and from the
university in order to increase their level of physical activity. The elderly suffering
from dementia and living in eldercare units expressed a desire to be more physically
active, but their caregivers described how striking a proper balance between caring
for the residents’ basic needs and providing support for physical activity was
difficult, simply put, caring for from a healthcare perspective or providing support
for independent living. The office workers expressed a desire to use more of their
physical movement abilities during their work tasks, but they described how the
equipment available to them to increase their levels of physical activity was mostly
left untouched because it was not integrated into or needed during the actual
performance of their work.
Low levels of physical activity (as exemplified by figures from Norway, the United
States, and the United Kingdom showing that only 20%, 8.2%, and 5% of the
population, respectively, reach the recommended levels of physical activity) usually
assumed to have relations to technological developments. Actions taken to address
this issue seem to focus on behavioural change through different means of
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information campaigns. Matheson et al., (2013) are critical of results being
disseminated as policies and recommendations because they do not feel that these
are sufficient to further the implementation of interventions or provide any
guarantee for change. Instead, they suggest that collaboration within the design
community and an increased use of human-centred design can have significant
effects on preventing and managing NCDs by focusing on physical activity. They
suggest that theories of behavioural change need to become a central component in
all preventive programmes and organizing centres and that the focus needs to be on
preventive programmes for chronic diseases, the application of human-centred
design methods, and the inclusion of knowledge and skills from Sports and Exercise
Medicine.
One way they promote this is through the use of smartphones in the effort to
support change (Matheson et al., 2013). If aiming for actions beyond information
and monitoring, smartphones might be of interest. At the same time, however,
smartphones are used mainly for information, monitoring, and providing
motivational support for behavioural change on an individual level when used to
support increased levels of physical activity. I think there is a need to fundamentally
reflect on ways to invite physical movement and physical force back into the actions
performed in everyday endeavours. This is not an easy task, and Craig et al., (2012)
encourage low and middle-income countries to pay attention to not design and
develop situations that encourage physically inactive and sedentary behaviour, as has
been done in so many high-income countries in regard to transport, work, and
household chores.
Although the domains of HCI and IxD are not directly mentioned or invited in
Matheson et al’s (2013) call for action, I argue that these domains have great
potential to contribute and to have an impact on these issues as the results from the
four explorative cases demonstrate. Technologies (products and systems) developed
within HCI and IxD have been part of designing lightweight everyday interaction
modalities but in recent years the interests has been growing in finding ways to
open up the interaction for a broader variety of interaction modalities. In the four
cases, the results point towards a desire for physical movements and a physical
force–inclusive design in settings such as schools, universities, eldercare units, and
office environments. Although there is currently an on-going shift or a change in
perspective on physical activity, the results from the four explorative cases indicate
that this can be addressed further from a design perspective. Changing design could
have great potential for affecting behaviour; further explorations of design-concepts
as demonstrated by the children in the first explorative case might be a sustainable
approach.
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6.4

Too little resistance, too light a workload, and too
little variation?

Straker and Mathiassen (2009) discuss a traditional physical ergonomics paradigm
of reducing risks by reducing loads and how this constant unloading has worn out
its role in many modern work settings. They continue by discussing how ergonomic
professionals and engineers in their aim to provide safe workplaces developed the
strategy of ‘less is better’ and that it is appropriate to ask if they might have
managed this too well. There are no obvious relations between ergonomics and
engineers in the four explorations presented in this thesis, but the participants at the
university, the office, and the eldercare units said that their settings did not cater to
workload or muscle resistance anywhere near what they would like to experience.
In paper IV, I used the title ‘less is too little - more is needed’ when I described how
the university students expressed their everyday settings as being designed mainly
for activities performed in seated postures. During this case study, the students
explored Physical movement sketching. Physical movement sketching is an attempt to
provide a method that encourages design students to explore their own movement
capacities as a tool to open up the design space for different perspectives on physical
movement. In this case, the method seems to have opened up the discussion,
facilitated the generation of ‘moving concepts’ early in the design process, and
provided a better understanding of the notion of physical workload. This physical
movement sketching might be one way to provide opportunities to build
movement competence, movement awareness in other words to enhance physical
literacy. The students said that competence in ergonomics and sports exercise would
be crucial for a design-project aiming at designing an outdoor gym but physical
movement sketching could have a place in the initial phase of such a project. At this
stage of the exploration, I would frame physical movement sketching as a way to
explore the potential of physical movement to have a more focused and central role
in the design process.

6.5

From being sedentary to participating and scoring
in exergames

Studying physical activity in relation to dementia is complex. Bowes et al (2013)
studied physical activity in relation to parameters such as well-being, quality of life,
improved balance, and grip strength, and they found that all parameters were
improved by increased levels of physical activity. Potter et al., (2011) studied how
abilities such as walking and standing up from a chair improved through physical
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activity, and these authors promote higher intensity and inclusion of the lower
limbs in physical activity.
In my explorations with elderly suffering form dementia, I performed a more
qualitative study rather than measuring a specific physical ability such as walking in
relation to the exergame activities. The mix of social, cognitive, and physical activity
and the challenges inherent in the exergames seem to have created a positive
atmosphere within and among the participants as described by themselves and their
caregivers. The outcome of the game was not clear at the start, and the feedback
from the game was immediately acted upon. The approach used PD both in the
way the activity was implemented within the facility and in the way it was
organized together with the elderly. The results are descriptive and originate from
comments or actions shared by the gamers or the people around them—they
expressed a joy at being provided with opportunities to move, act, score, socialize,
and make use of their muscles as well as to be included in the design and
implementation of that activity.
Bellardini and Tonkonogi (2013) promote strength training and dynamic exercise
with heavy weights, short cycles, and periods of long rest between sessions for the
frail elderly. Physical strength has been found to be one of the factors that can
protect against the risk of developing dementia. Low levels of social interaction have
been related to rapid rates of motor function decline, and strength training can also
be a way to provide for social interaction. The rapid decline in strength found in
the elderly is mostly due to the reduction of specific exercise stimulation and not to
aging itself (Korhonen, 2010). These findings influenced my work with the elderly
suffering from dementia and provided encouragement for finding ways to provide a
broader repertoire of activities that would increase the inclusion of physically
forceful movement. Their situation had been expressed as physically and socially
inactive both by them and by their caregivers.
Many of the elderly expressed a longing to use their muscles. They described how
much they liked the feeling of sore and painful muscles after using them in the
exergames. This was clearly expressed during the exergames (mostly in bowling and
golf), when the participants would exert their maximum force and overshoot the
goal and then laugh about it. In some of the situations, they continuously used too
much force and made the golf ball miss the cup. They certainly seemed to enjoy
doing this, but as coaches we became frustrated because we were focusing too much
on supporting them in managing the game system. Initially we had been driven by
the aim of just trying out the exergame as an activity, but it quickly became obvious
that the participants were thrilled with the competitive aspect of the exergame
system.
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Korhonen (2010) suggests that good design should allow for opportunities for
explosive muscle overload and maximum exertion in order to minimize the effects
of aging on neuromuscular performance. To develop a broader perspective on
activities that make use of maximum muscle force might seem straightforward, but
from my experiences I would like to share a reflection that it might be the
caregivers, the structure of the organization, and even me as a researcher that are
guided by preconceptions about what the elderly can do and what we allow them to
do in relation to our own fears of them falling or getting hurt. For example, sitting
gymnastics provides positive effects for circulation, energy expenditure, and
breathing, but such activities are akin to getting into a car, putting it into gear,
turning the steering wheel, and pressing the windshield wiper on and off but not
being allowed to drive the car to go anywhere. Thus the activity becomes more of a
functional test, an assessment of your range of motion, but if you pass the test you
are not provided any opportunity to use it in a skilled manner. What is the meaning
of being able to extend one’s arm to its full length if there are never any
opportunities to use this motion? The exergames described here are more like going
for a ride instead of just sitting in the driveway.
All in all, every activity is valid but it is a challenge to find activities that manage to
get through to people suffering from dementia. The balance is tricky between giving
support for living a life and just helping them to stay alive. When moving from
independent living to a care centre, it might be difficult to maintain opportunities
for forceful muscular actions in everyday actions—‘there is not so much going on’,
according to one of the gamers in the explorations presented here. The setting and
the organization seem to have a great impact on the way the elderly can act, and
some of the preconceptions present within these eldercare units became clear
through the use of PD methods that aim to include every participant’s ideas. The
combination of PD and the implementation of exergames in the dementia care
centres are not a quick fix; instead, they should be seen also from their potentials as
a catalyst to reveal issues that need to be addressed.
I hope that my results from the explorations with the elderly will encourage the
HCI, IxD, and eldercare domains to expand the movement-inclusive and
challenging perspective present during the exergame activity to try ways to invite
and incorporate physical movement into everyday actions. The initial situations
discovered at the different eldercare units seem similar to how movement is
described by the students exploring office settings: ‘Through development aiming at
efficiency, our movements seem to have become smaller, lighter, and less spontaneous’.
The elderly are left with nothing to put their hands into, they have no tasks,
nothing is depending on their participation or actions—at least nothing other than
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dedicated activities such as sitting gymnastics and now exergames. Physical
movements in the eldercare units seemed to be carried out mostly by the caregivers.
This might be related to issues of efficiency. Does it take too much time to have the
elderly themselves involved? In one way, the projects with the elderly suffering from
dementia and their settings within eldercare units opened up more questions than
they answered. They revealed preconceptions, and it might be that the elderly want
not only activities that are tranquil and slow—they might also want to be immersed
in challenges.

6.6

Ubiquitous sedentary postures leave few traces of
movements

Correlations have been discovered between prolonged sedentary positions and
cardiovascular disease and an increased risk for all cause of mortality. Sedentary
behaviour should be seen as a unique behaviour that is separate from physical
activity and not just as a lack of physical activity. Sedentary behaviour is described
as ubiquitous, and for many groups of individuals 9–10 out of 16 hours of the time
awake are sedentary. Office work that has been regarded as low risk might actually
be high risk in relation to cardio-metabolic disorders and mortality (Healy et al.,
2011; Van der Ploeg et al., 2012; Parry & Straker, 2013 and Ekblom Bak, 2013).
Ekblom-Bak et al., (2014) show how sedentariness has increased at the expense of
non-exercise physical activity (NEPA). This result is interesting because activities
that are integrated into everyday actions are worth considering from many
perspectives as described by the participants in the four explorative cases and not
only from a health and well-being perspective, but without results such as these,
NEPA might be overlooked. In the design of ICT for everyday activities,
technology provides amazing possibilities when it comes to easing the burden of
mundane activities. However, these mundane activities can actually have a positive
impact on the experience of these activities and on health and well being this should
more considered to a greater extent in the design of ICT.
Research suggests that preventive health care units, public health programs, and
clinicians should address these issues by promoting the reduction and the breaking
up of sitting time. They propose leg stretches, getting up from the office chair to get
a cup of coffee or water, walking and talking to a colleague, and reducing time in
front of screens. They use methods such as different information materials
describing facts, coaching dialogues, step counters, activity diaries, and physical
activity on prescription (FaR). Prolonged sedentary behaviour was present but
initially ubiquitous in many of the explored settings. In the first case, in which I
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worked together with children, one of the concluding reflections was that we at first
did not acknowledge or even see some of the children’s desires to include physical
movement and force as valuable for a sustainable future. The two groups
FAWAHAMA (‘Aiming for a work-out and still wanting to be in time for work – take
the FAWAHAMA’) and Team Energy (‘Don’t waste it - Team Energy can make use of
the energy you produce in everyday activities’) are examples of the children’s
perspectives and their straightforward inclusion for active physical involvement and
participation. Physical movement was discussed as a hidden power, a blind spot at
least initially hidden for me as a researcher. Tremblay et al., (2011) found
correlations between, negative effects on several health indicators and more than
two hours of sedentary postures per day among children. They suggests that time
seated be reduced and they exemplifies this with activities such as video-games and
computer use fro non-school work. One might reflect on whether children and
youth in this age range have the ability to choose for themselves what activities to
select? Settings that provide sedentary interactions are ready-at hand and frequent.
Besides that most of their seated time may occur during school-hour, so maybe the
focus for interventions should concentrate on that setting? My explorations among
children in case 1 show how participatory design can guide the way in
acknowledging children’s perspective, in this case they how would like to make use
of physical activity in order to support a sustainable future environment.
In the second case with elderly people suffering from dementia, they described how
their situation was mostly sedentary and inactive. They expressed that using their
physical movement-abilities produced a good feeling, as exemplified by some of
these citations: ‘After moving down here – one hasn’t been busy with so much to do
(gamer)’. ‘It’s a good feeling to feel that you’ve used your body (gamer)’. ‘They become
more alert after playing and seem to carry a feel-good feeling for quite some time
afterwards (care-giver)’.
During the explorative case together with the first group of university students who
were engaged in redesigning outdoor gyms, the students reported being sedentary
for more then 9 hours when they monitored their activities over 24 hours
(including sleep). In the second group, where the students explored office settings,
the students began to reflect on their own sedentary situation at the university.
They described how many of their daily activities were performed in a seated
posture and that the design of the university promoted sedentariness. They shared
ideas about changing habits in their future work situations to being less sedentary,
but some students described how work situations seemed to be even more
sedentary, desk and screen-bound, than the university setting. During the
explorative case together with office workers, they described their work settings as
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mostly sedentary. Some described how the items placed in their office environment
to promote physical activity are mostly left untouched because they are not required
for the work tasks as such and because they are not seen as socially acceptable to
use. When asked how often they were seated at work, 73% answered ≥ 7 on a scale
of 0 to 10. This encouraged the building of three movement probes in order to
generate knowledge about ways to invite physical movements back into office
settings as described in paper V.

6.7

From physical compensation to situated embodied
experience

Adding sit-stand desks and cycling and treadmill workstations in office settings as a
method to remedy sedentariness and low-levels of physical activity are described in
the literature as having positive results on energy expenditure, weight loss, and
decreased sedentary time while still maintaining productivity at work (Straker et al.,
2013; Elmer & Martin, 2014 and Koepp et al., 2013). At the same time, the use of
equipment such as treadmills and bikes is debated because they are just designing
multi-tasking situations and are not dealing with the core of the ‘problem’
(Fatemeh & Wiberg, 2013). This is in line with the results from the explorative case
in the office settings where the office workers described how the equipment
intended to support increased levels of physical activity to some extent created a
feeling of stress and a guilty conscience for being left untouched. Attempts to
remedy low levels of physical activity and prolonged sedentary postures have for
many years followed the same approach by trying to motivate a change of behaviour
through adding equipment or providing advice to stretch, go for a cup of coffee, or
put the printer far away from the workstations. However, printing is often done as
the last thing at the last minute and under stress, and if one then has to run up to
the next floor or far away down the corridor, this would probably be
counterproductive and stressful in a negative way. The participants said that they
are aware of their situation of being too inactive, and they asked for a design that
integrates physical movement as a part of the actual work activity and not
something that forces them to stop the work to attend to physical activity. As
described by Straker et al., (2013), ergonomic information or ergonomic awareness
alone did not manage to enhance variation in sedentary patterns. The following
quotation from one of the students after their field studies at different office
environments summed up the complex paradox of the discovered design space: ‘It is
a paradox and a stress factor that management puts pressure on their employees to be
physically active and yet more effective—but if the workplace design and the work pace
do not support physical activity, why talk about it?’
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Prolonged sedentary activities and low levels of physical activity are also present in
schools and universities. Several attempts have been made to focus on the school
and university as a social institution and to use ubiquitous computing, personal
information technology, smartphones, pedometers, and a mix of old and new
information and communication technologies to support variation, provide
feedback, and enhance behavioural change through self-reflection and through
game design (Ciccarelli et al., 2011; Poole et al., 2011; Bartley et al., 2013; Li, Dey
and Forlizzi, 2011). The results from having thirty office-workers explore the use of
the three movement probes were quite disparate. They appreciated the challenge,
but the activity was perceived very differently among the participants as illustrated
in how they described the probes. Because the movement probes were a
combination of common training equipment (bike, treadmill, and step-machine)
and common ICT products (tablets and laptops), the experience of reading,
writing, and watching/listening while being physically active might be related to
each participant’s earlier experiences with the different training equipment. They
were all familiar with the ICT technology used in the movement probes. The
conclusion from the explorations of the movement probes is that the participants
valued it, and they all expressed a desire to make use of their physical abilities to a
greater extent during their work-task performance. The problem area is complex
and difficult and there is no straightforward way to ‘just add movements’ to office
environments.
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The participants in the explorative cases described how they found few possibilities
for making use of their physical abilities in many of their everyday settings. One
way to acknowledge this is to reclaim physical movement in the design of everyday
activities and to refuse to be left with mainly office-gymnastics and sittinggymnastics as a remedy for physically inactive designs. Refuse to be mainly seated –
start to sit-in. The mind and body go together, and because we cannot ignore the
body and go to school or work with just our heads, we are stuck with having to
cater to an integrated perspective not only from a philosophical or theoretical
viewpoint, but in the design of everyday actions, a dynamic equilibrium as
illustrated in Figure 15.

Figure 15: Towards a dynamic equilibrium.

6.8

Related approaches in the HCI and IxD domains

Approaching the problem area of physical inactivity is the focus of many projects
within the HCI and IxD research domain, and several examples are provided in the
related work sections of the appended papers. Here I will discuss some related work
on a more general level.
Products such as cameras, radio, telephones, money, and books have become
smaller and embedded within electronics and computer technology. This
transformation is discussed by Djajadiningrat, et al., (2007) and Van Campenhout
et al., (2013) as a dematerialization, through digitalization. In the transformation to
digital entities, the diversity of artefacts and, to some extent, the artefacts themselves
disappear. Digital content is carried and transported through networks, and only a
small device is now needed to download the content. There is no need to carry
around a big bag of money, books, cameras, or radios. Interactions with digital
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products seem to take place at the finger level and with few variations in movement,
and this means that many opportunities to build bodily skills are lost. From a
physical activity and physical literacy perspective, this also implies that there is not
much need for muscle force or variation in muscle use in the discussed interactions.
This relates to how the participants in my explorations expressed a desire to be
included in the interaction from a physical movement perspective. This thesis’s
second research question has been motivated by this desire. It aims to investigate
and propose an argumentation for an approach to the design of interactive
technology that make more use of and integrate physical movement abilities. In
order to develop a sustainable design approach, the inclusion of movements and
muscle force should be considered.

6.9

From therapeutic treatment to movement-inclusive
design of everyday activities

The ability to move is often taken for granted until problems arise such as pain,
weakness, and limitations to range of motion. There are many methods to approach
these problems. If they are not due to a severe injury or disease, treatments may
include therapies such as Basic body awareness therapy, Feldenkrais and Alexander
techniques, as well as professionals such as chiropractors, physiotherapists,
naprapaths, and others who provide treatment and advise (Tobiasson, 2010).
Different kinds of sports, games, and outdoor activities, whether they are done as
competition or as hobbies can be described as performative movement activities athletes or professional sportsmen or - women, professions such as physiotherapists,
and dancers to mention a few, are accustomed to using their body movements as a
reference for experiencing the world around them. There already exist wellestablished perspectives and knowledge domains within these areas, including
motor skills, exercise, and kinaesthetic awareness, both for improved health and
performance-related perspectives on physical activity. These domains have also
developed a vocabulary, a language to use when discussing movements. Maybe we
can revisit some of these concepts but from another perspective?
I turn here to physiology and the contraction-relaxation phenomenon that is the
basis for many stress-relief programs. Hard work is really relaxing—contracting the
muscles and then relaxing them provides a general sensation of relaxation. Muscle
contraction can be performed in a static manner without any resistance, but if done
as part of an activity or during the handling of some sort of material that provides
some level of resistance the movement force will be adjusted accordingly. This
variation in muscle tension is protective for example against myalgia. To discuss
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human movement in terms of action potentials, nerve stimulation, a reciprocal
innervation, a contraction and relaxation of motor units, or in terms of quality,
frequency, and duration seems inappropriate, or at least insufficient, for the design
gap addressed and discussed in this thesis. These concepts do not capture the
motivation for movement. I have found it extremely difficult to discuss the area of
inquiry and not be adjoined with already established understandings of concepts
such as physical activity, exercise, and Human movement studies. Although I use
them as background knowledge, these expressions does not seem to cover the many
variations of movements in everyday activities that seem to have been lost in
designing for efficiency.
How can we shift from describing movement related to healthcare and therapeutic
issues or primarily as a specific activity that can be framed as corporeal practices,
specifically aiming at supporting self-confidence and self-awareness, to make use of
the multitude of positive effects inherent in physical movement no matter whether
it is performed within these corporeal practices or within domains such as schools,
universities, eldercare units, or offices?
With the emerging evidence of the negative consequences of low levels of physical
activity and increased sedentary activities, it will likely be beneficial to open up a
wider range of perspectives and to develop new terminologies and notions to
support this change. It will also be important to develop vocabularies and notions
that are not associated mainly with sports or specific body-centric activities. From
activities for health to lived integrated actions – it is hard to find definitions that
seem to catch movement and muscle force in the interaction with, and in relation
to, materials, systems, and artefacts. Perhaps one possible way to develop new
terminologies is to cut the line with the healthcare culture and take on the role of
an artist, a composer, a choreographer, a leader, a coach, or a designer. In such a
case, the essence or the positive values or outcomes of the two notions of physical
activity and physical literacy can be extracted, merged, and incorporated into the
design of everyday activities, including activities that make use of communication
and computer technology. Doing so might be a way to meet the participants’
expressed desires to make use of movements in their tasks at work, at school, and in
eldercare units.
Many tools and systems that we interact with on a daily basis in our everyday
activities are becoming more and more digital and thus often require little bodily
activity to use. The body’s need for some physical load and some circulation is often
left outside the design space because we do not seem to grasp the whole picture—
one more product or system designed for the digital will not hurt!
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Ubiquitous technology, adaptive systems, and smart systems are often described as
automatically changing in relation to user preferences, but being too responsive and
too adaptable may not always be appropriate, and being too light may be
detrimental in the long run from a health and well-being or physical activity
perspective.
In many cases technology has been developed for monitoring in elder care,
monitoring levels of physical activity and the like—it might be a way forward to
also design for resistance, variation, speed, force, and so forth. Technology can be
used and is being used to also support a physical activity approach. This should be
acknowledged in this discussion. Maybe it should be framed as a lag between
technology development done within the research community and until it reaches
everyday situations at workplace, schools, universities and eldercare units to
mention a few? This research deals with the situation in the field situations explored
but again I would like to stress that I see many ‘physical movement-promising’
takes within the research domains of HCI and IxD.
A major shift from designing technology that mainly monitors and tracks and takes
over human activities to designing technology that to a greater extent opens up and
includes physical activity—in non-exercise physical activities—is needed. ‘However,
a major challenge remains in converting the knowledge to practical reality–going from
the evidence that currently exists regarding the health benefits of physical activity to
effectively and naturally integrating physical activity into daily activities’. (The Public
Health Agency of Sweden, 2010, p. 51). Actions have been suggested and taken in
some of the explorations based on the participants’ comments. Design aesthetics—
such as the cover for the game controller in case 2 or the probes used in case 4—are
not always beautiful, but the movement and feelings that are made possible by the
designs are. Physical movement can be integrated into the activity itself, as
described in the exploration with children in case 1 (paper II) and in the officework exploration in case 4 (paper V), and these movements can be connected to
everyday activities at work, school, and elder care and ultimately to support a
sustainable future that includes a physically sustainable perspective. I found it
interesting that the university students in case 3 described the relation between
movements and feelings with such strong words (paper IV). Thus it appears that
having access to movement might provide an outlet for communicating feelings.
Physical movement is not mainly about ‘physical activity’ in the generally associated
meaning of it as for the sake of health and well-being, and exercise does not catch
the entire essence of physical movements. Physical movement may be described as
interaction between humans, within a human being, and between one or many
human beings and their environment on different scales or levels. If that physical
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movement and the relaxation that comes after the muscle contraction involved in
the movement is acknowledged and included as a central component in these
situations, it will promote well-being and health without having to stress that
specific perspective as a separate activity. To separate physical movement from the
work-activity, such as running on a treadmill while typing, might not be the best
way to make use of the intelligence and the resources embedded in physical
movements. I state that (and here I rely on the results from the four explorative
cases) physical movement inherits a potential and many perspectives that we as
human beings can benefit from in various ways. It should be more acknowledged
and made use of in activities that we call ‘everyday activities’ in such a way that it
maintains its functionalities.

6.10 Changing perspective– from the individual and the
group to societal
Faskunger (2013) reports that there have been few attempts to use socio-ecological
theories, models, or frameworks to increase active living, and those that do tend to
mostly target means of transportation such as biking and walking. He states that
information-based interventions are not sufficient to change sedentary behaviour
and that focusing on the individual level will have limited effects at the population
level. This is similar to the explorations with university students as they altered their
means of transportation to and from the university when trying to change their
sedentary habits. They said that they could not find a way to change such behaviour
while at school or during the lectures and that it was easier to change the means of
transportation. I find encouragement for bringing physical activity back, to the core
of interaction with the digital, in Svanaes (2013), where he states that if aiming to
design technologies for the lived body, an understanding of physicality both of the
context of the use of such technology and the physicality of the users is
valuable.’…interaction design for the lived body should to a large extent be done
through active participation of the lived body’ (p. 28). Svanaes (2013) proposes active
participation of the lived body in the design process for enhancing creativity and
empathy with end-users. I see possibilities to likewise enhance physical literacy and
promote increased levels of physical activity through the active participation of the
lived body, both for the designer and the end-user of the design. In one of his
examples, he describes how physiotherapists enacted the role of a patient and
‘improvised innovative games for the Wii platform’ through body movement design
where corporeality was central and important in this process. From my experience
and to my knowledge, I would say that physiotherapists are skilled in making use of
their bodies as a design tool, as a material in design and as a means of
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communication. I often mimic the patients’ situations in order to come up with
ideas for how to support them. Researchers and professionals within the domains of
HCI and IxD might benefit equally from a broader variety of physical movementinclusive methods in order to provide opportunities to build physical skills, physical
knowledge, physical competence, and physical literacy in relation to their practise. I
speculate that this would, in the long run, have a positive impact on levels of
physical activity and prolonged sedentary postures for the users of future computer
and communication technology.
Although HCI and IxD have in many situations left the desktop and focused on
people in the wild as described by Rogers (2011), traces of the old and sedentary
desktop are present in many everyday settings and situations as discovered and
discussed in the empirical material in this thesis. As Rogers states, ‘Wild contexts are
in need of wild theories’. This thesis aims at providing, if not a wild theory, a design
approach for wild everyday interactions. I frame it as a Movement Acumen Design
approach. Many of the ingredients in this approach have to some extent been
neglected when discussed by others (Djajadiningrat, et al., 2007 and Van
Campenhout et al., 2013), and these include the values inherent in the physical
activity, the possibilities for muscular contraction and relaxation, and the resistance
that physical materials and products provide for our bodies during our interactions
with them.
Research aiming for a change in relation to levels of physical activity and sedentary
activities often uses theories of behavioural change. In doing so there is a risk that
when the focus is on the individual or groups, the context or the design of the
setting where the behaviour is taking place might be overlooked (Faskunger, 2013
and Hekler et al., 2013). When evaluating technologies developed within the
domains of HCI and IxD that aim to support healthier behaviour, setting
behavioural change as the final goal might be unrealistic within the time limit of
those kinds of projects. Klasnja, Consolvo and Pratt (2011) propose a smaller scope.
They suggest evaluating technologies supporting healthy behaviour in the frame of
understanding how the use of the technology is affected through design. I find this
perspective interesting and reflect that in the explorative case together with office
workers the generated knowledge was to some extent an understanding of how the
use of the movement probes was affected by their design.
Another part of the knowledge generated was found in the office workers’
description of their workplaces where the use of computer technology in these office
settings is physically inactive and sedentary. The results of probing offices, the
results point towards the idea that if the technology at the core of the work tasks
does not make use of physical movement abilities above resting levels of 1–1.5
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METS, it seems hard to compensate for this by adding equipment just for the sake
of the office worker being physically active.
In the transmission to the digital world, many objects and activities—and thereby
the possibilities for non-exercise physical activities—disappeared as well. I find the
notion of the digital world somewhat problematic and would suggest that the use of
the term digital world would disappear as well. It seems to promote dichotomies
similar to the body–mind dichotomy that we are trying hard to get rid of. Why go
for another in separating the world into one that is digital and one that is physical?
Or as discussed by Kaptelinin and Bannon (2012) as they promote an ecological
turn for the IxD research domain – ‘digital technologies have become an organic part
of the natural environment’ (p. 290).
In recent years ecological theoretical models also have been used in research projects
promoting physical activity as an alternative to theories that focus mainly on
behavioural change at the individual level. Ecological theories are multifactorial and
approach the problem area from multiple levels—and equal focus is put on
environmental, organizational, social, and communal perspectives when aiming to
increase levels of physical activity or to reduce time spent in sedentary positions
(Buchan et al., 2012). The ecological perspective seems appropriate based on the
results from the four cases where the participants described a stress and a discomfort
from being at the focus of behavioural change on an individual level. It seems as
though they were suffering from the symptoms of an environmental design gap.
The university students described how they were worried that they would not be
able to maintain their change in behaviour in terms of their form of transport. The
office workers described discomfort with having the exercise equipment placed at
their work sites because it gave them a guilty conscience when they never used them
because they were not part of their normal work tasks. At the eldercare units, being
physically active was even more demanding on an individual level because the
environment and the organization did not include the elderly in any specific
activity—there was no need at all for their physical engagement. The children in
case 1 came closer to the ecological aspect as they developed prototypes that
incorporated physical movement as power for change.
Finally, all these ‘bits and pieces’ of experience and knowledge generated connected
to different research results and discussed from various perspective have been
leading step by step up to and being part of building up what will in next section be
presented as the Movement Acumen Design approach which is the main
contribution, the end-product of this thesis.
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7 Contribution Movement Acumen Design approach
The Movement Acumen Design approach is the conclusion or the condensed
knowledge generated through making, prototyping, movement probing, reflecting
in action, reflecting on action, and reading related research literature in relation to
the design space that evolved during the analysis of the four explorative cases. In
this perspective, Acumen stands for percipience, insightfulness, and sensitivity in,
for, and through movement.
The Movement Acumen Design approach has adopted a socio-ecological
perspective. A socio-ecological perspective is multilevel, multifactorial, participative,
and reciprocal. Such an approach seems appropriate in relation to the complex
design space that the Movement Acumen Design approach seeks to embrace. A
conceptual model has been adopted from Stokol’s description (1996) and from
Sallis et al., (2006) and is presented and described in Figure 16 with the
contributions from the different explorative cases included.
The aim of introducing a model is to provide designers and researchers within HCI
and IxD (aiming to support through design of interactive artefacts and systems an
increased level of physical movement integration in settings such as schools,
universities, offices, and eldercare units or to try it out in other settings) with a
point of orientation.
The socio-ecological model within the Movement Acumen Design approach aims
to support the integration of physical movement perspectives in future designs and
by that, provide a more generally integrated perspective on physical movement
sustainability.
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Figure 16: The model of the Movement Acumen Design approach.

The socio-ecological model is categorized into five different levels, contexts, or
environments that can influence, support, or constrain the possibilities to be
physically active. The levels are: individual, interpersonal, organizational, community,
and public.
Individual – Age, gender, knowledge, skills, self-efficacy, physical literacy,
attitudes, values, intentions
Interpersonal – relationships, social interactions, social networks, habits or
patterns in social cultures, and networks such as school, home, family, peers,
colleagues, and caregivers
Organizational
–
policies,
culture,
and
structures
within
organizations/environments such as schools, universities, workplaces, and healthcare
units
Community – access to built or grown environments such as parks, urban
designed spaces, commercial spaces, playgrounds, local transport, outdoor gyms,
and bike trails
Public, societal/society – policies, norms, and regulations on a governmental
level
The Movement Acumen Design approach makes use of the two notions of physical
activity and physical literacy, or more precisely, the positive effects of being
physically active and thereby building physical literacy. The approach aims to

123

support the design of opportunities to be physically active and to build literacy
through movements that are integrated into everyday actions and to make use of
these effects in the core of environments and settings where such actions taken
place. The Movement Acumen Design approach acknowledges the importance and
impact of physical activity in the general sense as related to sports, fitness, and
exercise. However, for the specific aim of supporting the inclusion of physical
movement or transforming sedentary activities and activities with low levels of
physical activity in settings such as work, universities and eldercare units (to
mention a few), it separates physical activity from its association with sports,
exercise and fitness. The approach also tries to shift the focus of physical literacy
from often being related to basic, fundamental movements and the attempts to
measure and assess physical literacy by testing certain types of movement capacities.
The how, when, and why tied to physical activity and physical literacy are
exchanged with the how, when, and why expressed by the participants in the four
explorative cases and put into the context in which the participants asked to be able
to make more use of their physical movement abilities.
The approach aims to support the design of interactive artefacts and systems that
allow individuals or groups to have the possibility to be physically active in their
everyday routines of working, learning, and playing at any age. The Movement
Acumen Design approach is reciprocal in that it caters for physical movement to
have a more central place in design for the designers and also to play a central role
for the participating end-users. It aims to enhance the understanding of how
physical movement behaviours are influenced through different situations at
different levels from a socio-ecological perspective and to try to address the design
space accordingly.
The Movement Acumen Design approach makes use of concepts such as dynamic
equilibrium, contraction-relaxation, and resistance. It aims for energy expenditure
of 3–5.9 MET or above. Participation is a central component in the design
approach, involving users in the iterative making and reflection in and on that
making.
The approach also makes use of explorative methods such as movement probes
(paper V)—which are to be tailored to each specific situation (Gaver & Pacenti,
1999; Hutchinson et al, 2003)—and physical movement sketching (paper IV).
These or similar versions aim to support the design of movement-inclusive artefacts
and systems for situations that might be defined as non-exercise physical activities.
The different notions and methods have been described and discussed in the thesis.
Therefore, they are here only briefly described:
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•

•

•

•

•
•

Dynamic equilibrium in these settings relates to an integrated perspective
where cognitive and physical activities are approached as a unified entity
that, if being in a dynamic equilibrium, is in a balanced state of constant
change. In some of the settings in the four explorative cases, the expressed
situation was near to static or mostly sedentary, and low levels of physical
movement were identified.
Contraction– relaxation is related to a general perspective aiming to
enhance both the positive effects of making use of physical activity to a
greater extent in the defined design space while not neglecting the positive
effects of relaxation. The experience of relaxation may be most evident
after physically strenuous work. An example is how the elderly in case 2
(paper III) described it as a good feeling to have used the body in vigorous
activity. Contraction–relaxation relates on a more detailed level to the
reciprocal activities that occur when one muscle contracts (the agonist)
and the opposite muscle relaxes (the antagonist) in order to allow
movement around the joints. For example, when raising the hand the
biceps on the front of the arm will contract while the triceps on the back
of the arm will relax.
Resistance refers to the physical resistance that many material or function
in the material provide when handling these materials often through
handling of objects. Interacting with materials in the broadest sense can
play a role in enhancing the possibilities of making use of different levels
of physical activity.
Energy expenditure of 3– 5.9 METS (moderate intensity) relates to the
expressed desire from the participants to have more opportunities for
physical movement interactions in their settings. In order to make a
difference, a design that aims to support a physical movement inclusive
perspective may benefit from aiming at levels of moderate energy
expenditures.
Movement Probes can provide data of the current situation and generate
ideas for future design.
Physical Movement sketching through moving the body so as to transport an
idea of movement, then experiencing that movement, and finally reflecting
on the movement, can open up discussion, generate early moving
concepts, generate feelings, and generate notions of physical load.

The following are examples of how the Movement Acumen Design approach can
take action at the different levels of the socio-ecological model. These are
exemplified and in some ways demonstrated in the different cases described in this
thesis.
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Individual – explore alternative ways of moving and acting from a movementinclusive perspective in everyday interactions, reflect, make use of the notion of
contraction–relaxation, search for resistance, and look for traces of movements. On
an individual level participants in all cases were offered with opportunities to reflect
and discuss and explore physical movement in their specific setting (case 1, papers I
and II; case 2 paper III; case 3, paper IV; and case 4, paper V).
Interpersonal – discuss with and get support from family, peers, and friends in
taking actions towards a more movement inclusive approach to everyday settings.
Explore, design and initiate change. The elderly starting to tease, cheer and support
each other during exergaming and the students coaching each other to sustain
change of behaviour in local transport (case 2, paper III and case 3, paper IV).
Organizational & Community – if these two levels are looked at
simultaneously, the picture of how the different levels are influencing each other
may become clearer, as was the case when focusing on outdoor gyms and
discovering how sedentary the design of the university was (case 3, paper IV), when
exploring the movement probes that were combinations of movement technology
and office technology (in case 4, paper V), and when the introduction and
implementation of the exergames through PD (case 2, paper III) provided the
whole organization with opportunities for reflection both in and on action. Not to
forget case 1 (paper I and II) where the children designed and demonstrated
alternative ways of local transport and how to make use of energy produced in some
activities of everyday actions. On a community level, there are design-oriented
actions being taken to increase physical involvement with a focus on green
recreational areas, urban design for growing vegetables, parkour trails, and the like.
These examples (although not explored in this thesis) probably include and
integrate contraction–relaxation, resistance, and energy expenditure of 3–5.9 METS or
above.
Public policy – policies, guidelines, and regulations are not on their own
efficient in promoting physical movement in everyday activities, as shown in the
research literature. On a public or governmental level, a Movement Acumen
Design-oriented process might be valuable approach to explore if aiming at
changing the pandemic situation of low levels of physical activity. It is better to
work it out than write regulations and laws. On a general level, it might be
appropriate to reflect on action at the state and governmental levels and critically
examine existing policies, regulations, and programmes that try to provide support
for augmented levels of physical activity. Are the texts mostly relying on healthoriented or sports-oriented arguments for active living? Are there participatory,
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inclusive perspectives on physical movements for autonomy for citizens in everyday
settings such as work, school, care, and transport?
A Movement Acumen Design approach strives to operate and engage in all levels
described in the model.
The short version of the Movement Acumen design approach is as follows: the
approach, based on a socio-ecological theoretical perspective makes use of the
knowledge inherent in physical activity and physical literacy. User-participation is a
central component, it makes use of methods such as movement probes and physical
movement sketching and is guided by and tries to implement the following notions
in the design:
•
•
•
•

Resistance
Dynamic equilibrium
Contraction–relaxation
Energy expenditure of 3–5.9 METS or above

The Movement Acumen Design approach is not a static model – hopefully it will
be changed and developed while being deployed more explicitly and made use of in
future projects that has been made possible through successful research funding.
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8 Conclusions
Wearing lenses sensitive to movements, I took off in search of traces of movements
in four different societal settings. The design space described and discussed in this
thesis revealed itself through the analysis of the four explorations. Although, my
lenses were sensitive to movements they were not sharp enough initially to see or
grasp the entire picture.
In this thesis, I have described how I have explored and together with the different
participants generated knowledge based on explorations with movement probing,
physical movement sketching, prototyping and related research literature. I have
disseminated these results and discussed them within design research, pedagogical,
and HCI communities. This includes exploring possible futures and future
possibilities as well as questioning current and the existing contexts to find new and
alternative ways, new paths and to make new traces of movements. Therefore, this
thesis moves around. It has been moving between research domains such as
interaction design, human–computer interaction, public health, preventive health,
physical activity, and physical literacy. The research, in terms of a design process,
can be described as not going through a complete design process but iteratively
probing and prototyping to generate knowledge and skills to hopefully in the future
being able to participate in a project going through a full design process making use
of the Movement Acumen Design approach.
Part of the knowledge contribution in this thesis is the design of a movement-focused
lens that if applied will hopefully make physical activity more visible and thereby
trigger action and design for augmented levels of physical movement-inclusive
artefacts and systems. The movement-focused lens has been framed as the
Movement Acumen Design approach. This approach has been developed through the
explorative cases in my encounter and engagement with different participants,
through ‘the making’, and through reflection both in and on action. Some of the
notions included in the approach have been tested in these explorations.
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8.1

Answering the research questions

The research questions formulated in the Introduction have been investigated
through the explorations, experiences and discussions of the four cases. A method,
Physical Movement Sketching, has been developed and explored, an adopted
version of probes – Movement Probes have been developed and explored and the
Movement Acumen Design approach has been evolving over the course of the
research. Now, I will summarise my answer to each question.
The research questions:
RQ1
What levels of physical activity are present in societal settings such as
eldercare units, schools, universities and office environments?
In the four explorative cases, the participants expressed in different ways how the
environments (activities, artefacts, systems, and organizations) in their settings did
not acknowledge or include their physical movement abilities to the extent that they
desired. They described their settings as sedentary and mainly catering to low levels
of physical activities. This is in line with what I as a researcher experienced when
participating in these settings in the field. There were few traces of movements.
This is also strengthened by results from related research literature describing how
low levels of physical activity and prolonged sedentary postures present in many
societal settings are augmenting the risk for non-communicable diseases.
RQ2
How can knowledge of physical activity inform the design and
development of interactive products and systems in these settings?
One way to approach RQ2 is to make use of the Movement Acumen Design
approach developed in the research described in this thesis. This is a movementparticipative and movement-centred design approach that makes use of the positive
effects of being physically active, preferably in ways that expend energy above 3–5.9
MET, cater to a contraction–relaxation situation, and provide some resistance to
facilitate the physical activity. This approach also adopts and makes use of a socioecological model and methods such as movement probes and physical movement
sketching in order to generate knowledge and experience of the selected design
space and to feed this information into future designs.
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8.2

Epilogue - Concluding reflection

What more have I learned during the search for traces of movements? With all the
trends related to movement and physical activities such as ultra marathons, long
trail runs, endurance sports, and martial arts in a never-ending variety, it might
seem over the top to focus on physical activity in everyday activities when what we
might need is to sit down and take a rest at work, but even though it might seem as
if everyone is physically fit and constantly active, my findings and epidemiological
figures are telling another story – physical activity seem marginalised in many
activities of everyday life. But I do like to acknowledge that I am happy to see
initiatives such as the maker-movement approaching many areas in life. Let us go
and look for and make more traces of movements in our own lives and strive for
hands-on body-engaging activities in everyday situations. A call for action might be
appropriate – start to sit in to show that actions for change. In the reciprocal
relation described as a statement: ‘Technology moves us—Moving with technology’
it is up to us – how.
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