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Abstract
In this monograph the use of physical movements in the human-computer interaction
situation is treated historically, theoretically and empirically. Current technology
enables use of a broad variety of movements in interaction, which here has been
studied in designing activities for and with elderly people. That experience is put into
context of theories of bodily movement, and participatory design.
A theme is to visualize perspectives on physical movements in the human computer
interaction situation and to point out possible synergies for the design of interactive
system from the domains of HCI (Human-Computer Interaction), Interaction Design
and Human Factors/Ergonomics.
With the thesis I want to add to the motivation to ensure that physical movements,
and the way we physically can use our bodies, is incorporated as material in design and
as a parameter in evaluation of interactive systems.
My interest in this field derives from my background as practitioner in physiotherapy
and expert in physical ergonomics during eight years and from ten years of design
experience from research projects within the HCI domain. This background, with one
leg from physiotherapy and ergonomics and the other in the HCI research domain,
influences my perspective.
The motivation for this work is that movements are central for human well-being in
many situations and over time. We, as human beings, move. The way we seem to get
opportunities to move differs in different stages of age.
In the two projects described the theme has been to observe, analyse and reflect on the
way bodily movements can be involved in and enhance interaction with computers in
social situations. I have looked at the reaction and changed situation for elderly at
caring institutions when introducing technology that encourages bodily movements.
This includes analysis of bodily movements and participatory design with the elderly.
My main study is about what will happen if elderly living at Special Housing for
dementia or outer elderly patients coming for rehabilitation are given access to physical
action gaming. The resulting outcome was way over our expectations. They surprised
us all! So much of forceful, vivid and focused movements were hidden in the old
gamers bodies when motivated to take action and enjoy.
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Till Moa och Emma – nu kan vi äntligen leka!
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Chapter 1

Introduction
In this monograph the use of physical movements in the human-computer interaction
situation is treated historically, theoretically and empirically. Current technology
enables the use of a broader variety of movements in interaction, which has been
studied here through designing activities for and with elderly people. This experience is
put into the context of theories of bodily movement and participatory design.
The theme is to visualise perspectives on physical movements in the human-computer
interaction situation and to point out possible synergy for the design of interactive
system from the domains of Human-Computer Interaction (HCI), Interaction Design
and Human Factors and Ergonomics (HF/Erg).
The thesis hopes to add to the motivation to ensure that physical movements, and the
way we can physically use our bodies, are incorporated as material in design and as a
parameter in the evaluation of interactive systems.
My interest in this field derives from my background as a practitioner of physiotherapy
and an expert on physical ergonomics for eight years, and from ten years of design
experience from research projects within the domain of HCI. This background, with
one foot in physiotherapy and ergonomics and the other in the HCI research domain,
influences my perspective.
The motivation for this work is that movements are central to human well-being in
many situations and over time. We, as human beings, move. The way we get
opportunities to move seems to differ depending on our age – at least in some parts of
the world.
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From early childhood to our last step, we are designed to move. This may be most
obvious in the beginning, when a baby starts to crawl and after a while explores the
situation and pulls himself up, stands and practises walking until he masters it. Tasks
such as clapping hands, feeding oneself, swimming, skiing, etc., are all based on bodily
movements and skills. As we grow up we encounter a long list of physical skills, to be
mastered for better or for worse. In working life, we have designed conditions in many
professions to relieve us from physically demanding tasks. There is nothing wrong with
this ambition, but we may have managed too well. In the broad use of computeroriented work tasks for handling information, one may sit in ergonomically designed
office chairs, frenetically tapping on ergonomic keyboards, and have visits from
physiotherapists, working with prevention, providing you with advice on how to sit
and organise your work, the proper level of your desk, gymnastic exercises to perform
during breaks and animated figures showing how to stretch your muscles. For many
years, the main physical interaction between humans and computer technology has
been our fingertips on the keyboard and some clicking with the mouse while the rest of
our body has remained seated. Today, however, we are seeing an increasing number of
devices and applications that open up for a broader variety of physical movement.
These include the Nintendo Wii, the Kinect system and the Apple iPhone. Some of
these interaction devices were developed for gaming purposes. When computer
technology grew into our workplaces and other areas of our everyday life, many of the
opportunities to use our physical abilities diminished. The macro-monotony of
movements in, for example line production has become micro-monotony in front of a
2d screen and a keyboard.
Outside the work situation as well, we have designed the environment to make our
lives easier. The stove is regulated by tapping; the TV channel or radio station is
changed by waving. Driving a car or a train is now almost only a cognitive skill, with
only a minor focus needed on our motor skills. The boot of the car opens as one
approaches. In lavatories at modern airports, the toilet flushes automatically as one
leans, relaxes and sinks down a bit. Then at the sink to wash your hands, the water
runs from the tap as you put your hands under it. You can then dry your hands by just
holding them in front of the pictured hands on the dryer. This aim has of course been
motivated by various perspectives, one being inclusion. Still trying to maintain our
well-shaped bodies, we attend aerobics classes and lift heavy weights at fancy gyms,
where we pay to get access to do this.
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The motivation and choice to work specifically with elderly people at care institutions
derives from the notion that bodily movements tend to become even more scarce in
this context, but are at least as important as our physical ability can improve through
practice no matter our age and our brain is plastic during our entire life span. The
elderly at these institutions do not need to do the dishes, cook or do laundry. They can
still perform activities of daily life, at least if the activities are somewhat redesigned, but
they do not always get the opportunity to do so.

Physical interaction in computer development,
HCI and HF/Erg
Computer technology comes in various forms, from interactive walls and surfaces to
micro-processors embedded in many of the objects and tools we use on an everyday
basis, at least in the Western world. Many perspectives on the importance of the design
of such technology have been heard, with ICT having found its way into almost every
hour and action of our everyday life, and our lives through this technology becoming
more and more leisurely in terms of physical load. At the beginning of the age of
computer development, one of the motivating factors was to relieve people from
strenuous work tasks. Now, we may benefit from incorporating more knowledge about
our capacity and motivation for movement in the design of computer technology. A
focus should be on how to strengthen methods to ensure that we include movements
as design material when developing computer technology. If one is aware, one can have
the active choice of including or excluding movements – to guide the decision of
“hands on or hands off”.
In computer development size matters, from huge room-sized computers to desktops,
from handhelds to devices woven into the clothes we wear. This has an impact on how
we can physically interact. In the HCI domain, an example of this is the shifting
perspective and focus of interest from an information processing perspective in the
human-computer interaction to seeing the interaction from a wider perspective that
includes context and experiences. Among others, physical computing, tangible
interaction and touch are changing the perspective and opening up for a variety of
physical movements while interacting with computer technology. Finally, in retrospect
HF/ Ergonomics seem to have been stuck in the “too late loop”, often concerned with
the evaluation of the actual use of technology and seldom in the early stages of design
and development. The concern has been to improve productivity, avoid human error,
and weigh and measure the human body in order to design products that can fit, for
19

example, the human hand. The perspective on movement and the methods developed
to assess it have been somewhat instrumental.
For many years, the main physical interaction between humans and computer
technology has been our fingertips on the keyboard and some clicking with the mouse,
while the rest of our body has been seated. Today, however, we see an increasing
number of devices and applications that open up for a broader variety of physical
movements. Among others there are the Nintendo Wii, the Kinect system, the Apple
iPhone and the Microsoft surface (see Chapter 3). Many of these interaction devices
were developed for a gaming context. When computer technology moved into our
workplaces and other areas of our everyday life, our opportunities to use our physical
abilities continued to diminish. The macro-monotony of movements in, for example,
line production has become micro-monotony in front of a screen. Now we have
technology designed to invite us to move and be physical again.
We know enough from research and practitioners that physical activity is fundamental
to human well-being. Both physical and mental health improve through a balanced
level of physical activity in everyday life. Two-thirds of the adult population (people
aged 15 years or more) in the European Union do not achieve recommended levels of
activity (Ref. WHO “Evidence for Action”, 2006).
The traditional desktop metaphor and the cognitive and information processing model
seem to have no use for the body. Only the head and the mind count, since this is
where cognition and thinking are assumed to have their origin and centre. One is
reminded of the body-mind dichotomy, the classical Cartesian heritage. Today more
artefacts and systems are designed with a broader variety of physical interfaces. This
work will focus on the body and its capacity to handle complex objects and perform a
never-ending variety of movements.
This said, the aim is not to invert the Cartesian dichotomy or to turn the perspectives
upside-down by focusing on the body first and then the mind, but rather to balance
the picture towards a perspective in which the body has equal space and possibility to
interact and make its voice heard in the never-ending growth of computer technology
for everyday life (see Figure 1). When interacting with the digital, which is based on
ON and OFF, it seems as if we as humans attempt to mirror the computer behaviour
to smoothen the conversation by only using a very limited spectrum of our abilities.
Work has been done in the fields of Ubicomp, tangible interaction, haptics and whole
body interaction that focus on the user’s experience of physical movement. See
Chapter 3 for pictures and references.
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Figure 1 The whole body-balance.

In the human-computer interaction situation, practitioners in HF/ Ergonomics are
often called in to investigate the situation around the physical interaction when the
software and hardware have already started being used. Traditional physical
ergonomics present requirements and specifications, at best based on ISO standards,
but all too often arrive on the scene when the product or software has been in use for
some time (often with a narrow focus on the individual), alerted by the request of an
individual employee to evaluate a problematic work situation from an ergonomic
perspective. The lesson learnt seldom reaches the eyes of designers or software
programmers. The focus is on avoiding physical strain and injury, but there are more
qualities inherent in our ability to move than a lack of strain and injury. A broad
variety of ideas have sprung from ergonomists, trying to solve the problem then and
there at the workplace, not being in the position to confront or discuss things with
hardware or software developers. Some examples of this are all the different artefacts
that can be added to the desktop work situation, such as different types of mouse pads
and keyboards, and different solutions to provide relief from the static body postures,
not to mention the intermission programs.
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When the gaming industry became interested in movement and touch, a broader
variety of movements became applicable in the interaction with the systems.
Many papers and research reports start with something along the lines of “Information
technology is spreading into almost every area of our daily life and activities...”.
The view on the human body and its ability to handle objects and to move has
changed following the technology development. Now the “computers” see us human
beings as more than a head and index fingers, even though these is still the most
frequent interaction modalities. In mobile technology – who moves what?
ICT is everywhere – we use and interact with ICT and interactive technology to work,
to play and to hang around. This is somewhat at least if we look solely at age and if you
happen to be of working or playing age – people living in special housing or within any
other care systems for the elderly do not seem to be as vivid and active in their use of
ICT. They are supervised and controlled by it, but are not moved or amused.
Were we not in the first place motivated to develop computer technology to free
ourselves from boring, monotonous job tasks? Now many workers are tied to a
computer screen, albeit of varied size, all day long. Sometimes we even carry them with
us and interact while walking. Judging from the many silly walks we can see as a
normal element of everyday life in society, the design of the technology has perhaps
not managed to design for movement – but one cannot be sure, since this might be
one of the few possibilities for adults to perform and enjoy such silly movements! We
are also more or less left to work alone in front of these computers since there are not
many systems designed for multiple interactors.

Problem area/research theme
The theme of this research is to investigate perspectives on body movements within the
domains of HCI and HF/Erg by looking both backwards and forwards in technology
development. Within the HCI domain the focus has been on user-friendliness, useroriented work methods and cognitive ergonomics when considering usability and useroriented design. In HF/Erg the focus has been on avoiding injury and stress as well as
on human capacities and limits. The computer development has greatly lightened our
physical burden. The tricky part, however, is that if we design technology that take
away most of our opportunities in daily interaction that need some muscle force, we
might get into trouble as we need to put some degree of load on our skeleton, discs and
muscles in order for them to function.
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It may be of value to discuss unplugged interaction – taking a walk on the wild side, out
of reach or out of touch of technology.
Should there be nothing unplugged or offline? What is the balance between load,
charge, weight, stress and relaxation? Movement is part of the essence of being human,
and we are built to move as well as to save energy. We need to move; if we do not, we
risk developing physical problems in many of the systems in our body. It will also
affect our alertness and awareness, and some problems will surface later in life and give
professionals like physiotherapists a situation to deal with that might have been better
handled earlier in the development process. In this thesis I will only touch on some of
the questions above and try to describe some current situations in order to discuss the
needs and challenges for further development. I will also discuss problems and
possibilities concerning a more bodily sustainable design.
The general question is whether these domains could benefit from a closer
collaboration, with the recent interaction with computer technology having become
more physical. During these two projects the theme has been to observe, analyse and
reflect on the way bodily movements can be involved in and enhance interaction with
computers in social situations. I have looked at the reactions and changed situation for
the elderly at caring institutions when technology encouraging bodily movement is
introduced. This includes analysis of bodily movements and participatory design (PD)
with the elderly.

One of the motivating factors is as follows:
Many of the disabilities that the older population faces and experiences do not
primarily relate to the fact that they are getting old but rather that they have a too
passive lifestyle, a lack of stimulation and a changed role and function in society.
Taking part in physical exercise and having confidence in one’s own abilities are key
aspects that support the self-esteem and mental health of elderly people. Activities that
entertain and engage as well as create excitement and learning are not common within
special housing for people with dementia. Their everyday life provides few occasions
with stimuli other than the basic activities of daily life, and they tend to become more
and more passive.
There seems to be an issue of time and age in the way we address the value of physical
interaction.
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On a more detailed level, I have focused on the following. If elderly living at a special
house for those suffering from dementia, or out-patient elderly coming for
rehabilitation, are given access to physical action gaming – what will happen?
•

Will our selected gamers be able to manage to handle the components?

•

Will we as project leaders and caregivers be able to instruct the gamers?

•

Will playing the games affect their body movements?

•

Will these games motivate them to play?

•

Will they be able to interact and play with other gamers?

•

Will they be motivated and able to participate and contribute to the design of
equipment and use situations?

Limitations/other aspects
The area of perspectives on bodily movements in HCI and Interaction Design is
diverse, on the move and emerging.
In this thesis I treat some of the theories, methods, prototypes, products and systems
that incorporate a body-movement perspective.
Value-sensitive design, affective design, gestural interfaces and phenomenology are
examples of areas that have been neglected, although they all have something to add to
the perspective of our living through our bodies when acting in the world of
computers. Some other areas are mentioned only briefly, such as haptic technology,
full-body interaction and multimodal interaction.
In organisational theories, words like body and movements are used in a metaphorical
way. The moving body and body movements from an organisational perspective are
not dealt with in this thesis.
Within the domain of Public Health there are studies on symptoms from use of ICT
(Thomee et al, 2007). In this work I will not touch on the use of ICT from a Public
Health perspective.
More holistic perspectives, as cited below, on the development and use of computer
technology are very relevant as a background to the discussion in this thesis.
“They have to understand how businesses and government developed to become
leading users of computers. They have to understand how computers entered everyday
life and transformed work as well as leisure activities. Nevertheless, they also need to go
24

the other way round and examine how users have shaped digital technology and
thoroughly changed our cultural and social understanding of what computers are”
(James Cortada: The Digital Hand, 2007).
“We need to show how developments in computing shaped major historical
transformations, that is, how the evolution of computing was consequential for the
trans-formations 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” (Thomas Misa: Understanding how Computing Changed the World
2007).
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Structure of the thesis - Reader’s guide
This thesis, aiming at investigating perspectives on physical movements in the HumanComputer Interaction situation, has nine chapters. A DVD including material from
the empirical work is attached and referenced in Chapter seven.
A general introduction is given in this Chapter One with the area of interest, i.e. the
physical movements in the human-computer interaction situation, in this work studied
through designing activities for and with elderly people. Chapter One also contains
introductions to the areas of HCI (Human-Computer Interaction) and HF/Erg
(Human Factors/Ergonomics) as well as research issues and limitations.
Chapters Two and Three turns the focus to the domains of HCI and HF/Erg trying to
visualise the change in physical interactions with computer technology by describing
historical and current developments.
In Chapter Four is given a concise account of motivations for renewed fruitful synergy
between HCI and HF/Erg.
Chapter Five gives a frame of references for the motivation to put focus on body
movement in Human-Computer Interaction.
Chapter Six provides the methodological approaches used during the empirical work.
In Chapter Seven, the action begins by telling the story of action-gaming in some
elderly care centres.
After that follows the analysis of these activities in Chapter Eight.
In the last chapter, Chapter Nine, I discuss the work and conclude and point towards
future challenges.
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Chapter 2

Some historical touchdowns
First, we will walk backwards for a short retrospect with touchdowns in computer
technology development, HCI/Interaction Design and HF/Erg. A number of
interaction styles that support physical movement will be highlighted.
The chapter starts with computer development, in which equipment size has
experienced an enormous degree of shrinking, which matters. Computers have
developed from being room-sized to desktops, laptops, handhelds, worn and even
woven into the clothes we wear.
In the second section, on HCI (Human-Computer Interaction), size has likewise had
an impact on how one can physically interact with computer technology. In the HCI
domain, the shifting perspective and focus of interest from the information processing
perspective to seeing the interaction from a wider perspective, including context and
experiences, also brings changes to the movement perspective. Physical computing,
tangible interaction and touch technology are opening up for a variety of physical
movements while interacting with computer technology.
The last part of the retrospect focuses on HF/Erg (Human Factors and Ergonomics).
This domain seems, sometimes, to have been stuck in the “too late loop” concerned
with evaluation of the actual use of technology and not as present in the early stages of
design and development of HCI technology. The concern for the HF/Erg domain has
been to improve productivity and avoid human error. Methods have included such
things as actually weighing and measuring the human body in order to design products
that can fit the human hand, for example.
27

The two domains of HCI and HF/Erg may both benefit from closer collaboration,
especially in these times when many systems and products are mobile to allow people
to be “on the move”. The perspective on movement and the methods developed to
assess movements may have been somewhat instrumental. We need to let go of the
history so that we can look, act and move forward in hopes of a more collaborative
construction for a sustainable society. This is what design methods can provide – how
to move, walk forward and construct in the wild while on the move. This is reflected
on in Chapter 4.

Computer technology development
The development of computers is sometimes described in generations. One can also
describe the development in terms of use and size. Computers become smaller and
smaller, but also larger and larger and are more and more in every man’s pocket or as
an interactive environment as a multi-device for almost any situation in life. The size
has gone from room to desk to lap to hand, and up again to interactive spaces filling
entire rooms. Computers have developed from not being possible to move to being
transportable, portable, movable and embedded in the environment and from visible to
invisible. Computers have gone from being big and clumsy as compared to humansize, to small as compared to humans, who are now tending to grow in size in some
parts of the world.
The purpose of describing technology development is to visualise how computer shape,
size and form have influenced and placed limits on the physical movements that are
possible to perform during the interaction.
Interacting with and through computers – what has physically been done? There has
been pressing and pushing buttons, clicking and flipping switches, inserting punch
cards and typing commands. Input and output in the first computers went through a
connected electric typewriter. The operator was often female, as using typewriters was a
common female task at the time. Programming and operating computers were
women’s work. It was seen as a tedious, monotonous and repetitive work task.
When the monitor came on the market, the “visual display” became a natural
accompaniment to a computer. With the advent of the personal computer (PC), it
then became of interest even for men, at least at work. The Apple II and the VisiCalc
made it realistic to say “I have my own computer on my desk”. In 1972, the display
and keyboard had been fixed together. It was then found that from an ergonomic
perspective it was better to separate them. At this time, a computer sat on one’s desk
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and took up a great deal of space. In 1984 the Apple Macintosh tilted the technology
so it did not take up the space of half a desk.

Figure 2 Men at work with an Apple II and VisiCalc.

First-generation computers
The first-generation computers were used mainly for numerical calculations. Vacuum
tubes functioned as circuitry, and generated heat and therefore needed to be cooled by
gigantic air conditioners. These were often placed in an adjoining room. Magnetic
drums were used as memory storage devices (see Figure 3). Computers were huge and
often filled entire rooms. Programming meant, in practical terms, that one physically
hiked around the big computer, changing cables and handling punched paper card.
Computers were operated by altering circuits, pressing buttons and flipping switches,
and this was mostly done by scientists. The programming language was machine
language that was translated into commands, or assembly code. The computers were
single-task oriented, solving one task at a time. After an operation was started, no
interaction took place until the result had been delivered. Already in 1890, Herman
Hollerith invented the punch card based on an idea he had while watching ticket
handling on trains (see Figure 4,5 and 6). His company became part of IBM in 1924.
At MIT in 1943 the Whirlwind project was started, aiming at developing an analogue
computer into a flight simulator to train pilots in war bombing. The resulting
simulator was too slow compared to what the ENIAC (Electronic Numerical
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Integrator And Calculator) would later demonstrate, but it informed the design of the
SAGE program ten years later.
During WWI it had proven to be very demanding both physically and intellectually to
handle the mechanical and optical anti-aircraft components. The task had to be
performed by a whole crew of people. Between the World Wars, there were some
developments in Germany around the control stick for steering bombing equipment. At
the beginning of WWII, the Americans had developed electrical and computersupported guidance systems.
Many technology historians regard the computers that were based on electronics as the
first modern computers, and in this category the ENIAC (Electronic Numerical
Integrator And Calculator) is first and foremost (see Figure 7). The ENIAC was ready
for operation on February 14, 1946, at the University of Pennsylvania. The six women
Kay McNulty, Betty Jennings, Betty Snyder, Marlyn Wescoff, Fran Bilas and Ruth
Lichterman performed most of the programming. These women had experience in
supervising humans (mostly women) calculating (the “computers” of the time).
Programming the computer was not that different from parcelling out complex series
from the human computers. Computers were viewed as helping with complex
mathematics, and were referred to as calculators. One such computer could now do the
work of more than a hundred people equipped with the best calculators of the time.
The term computer derives from the Latin computare, meaning to sum up. Thus, until
the late 50s, computer referred to a person doing calculations (Trimble, 2001), while
today we think of programmable devices able to store, retrieve and process data (Light,
1999).
The ENIAC was big. It weighed 30 tons, was 26 meters long and 3 meters high. It was
single-task oriented and needed reprogramming for each altered task. Programming the
ENIAC was “a one-way ticket to the madhouse” (Augarten, 1984) since you had to plug
wires and cables into the vacuum tube sockets and there were thousands of them. Two
days of programming made the ENIAC perform a calculation that took 20 seconds.
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Figure 3 Demonstrating the Magnetic Drum

Figure 5 Punchcard Operators

Figure 4 Manual work with Punchcards

Figure 6 Punching cards with a key board

Figure 7 Programming the ENIAC

31

Second-generation computers
In the early 50s computers were produced in series and were used mostly for
calculations within science and technology. But they were also used by banks and
insurance companies. At this point they were still huge and costly. In Sweden (and
even in the US) it was estimated that a few of these large computers were sufficient to
perform all the country’s necessary calculations. In the latter part of the 50s, the much
more reliable – and much smaller – transistors replaced the vacuum tubes.
In June 1951, the UNIVAC I was delivered (see Figure 8). It could manage both
alphabetical and numerical characters as well as the command line interface (text-based
interface), which made it possible to enter data by typing on a keyboard instead of
using punch cards and paper tape. Grace Murray Hopper, a computer scientist and US
Navy officer, led the development (see Figure 9). The keyboard input was then
transferred onto metal magnetic tape. The UNIVAC actually calculated the outcome
of the presidential race between Eisenhower and Stevenson; it was hard to believe, at
that time, that a machine could do better than the skilled political analysts. Now,
computers were viewed as information processors.
In 1958 William A. Higinbotham (a nuclear physicist who had worked on the
Manhattan Project and lobbied for nuclear non-proliferation), now head of
Brookhaven Lab’s Instrumentation Division, developed “Tennis for Two” for an
exhibition at his workplace (see Figure 10). Whereby people could previously only look
at posters and pictures, they now had the possibility to use some of the technology
“hands on” in a fun way. Tennis for Two was a great success, attracting hundreds of
people. Two players at a time operated separate controllers, connected to an analogue
computer using an oscilloscope as the display.
In 1954 IBM released the first commercial business computer, the IBM650 (see Figure
11). It came with up to four 355-disk storage units. Its development within data
storage made it possible to also develop a variety of input devices. The next year, the
user group at IBM – SHARE held its first meeting. This was important from an
educational perspective and also provided an arena for companies and users to
exchange information and ideas. The year 1956 saw the advent of the Semiautomatic
Ground Environment (SAGE) Air Defense System, using a light gun as one of its
input devices (see Figure 12). It was used to spot hostile aircraft, and was a real-time,
command and control computer-based system that was very advanced at the time. Ben
Gurley and C E Woodward developed the light pen (see Figure 13) at MIT developed
in 1957. It was refined version of the light gun, smaller and lighter (Gurley and
Woodward, 1959).
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Figure 8 The UNIVAC I

Figure 9 Grace Hopper with co-workers at the UNIVAC I

Figure 13 The Light Pen
Figure 10 Tennis for two

Figure 11 The IBM 650

Figure 12 The Light Gun
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Third-generation computers
Third-generation computers were built with integrated circuits (IC), demonstrated in
1958 by Jack Kilby (see Figure 14). The IC downsized the computers, in size as well as
cost. Minicomputers were built to fit on a desktop, and no longer needed a large
machine hall to be operational (Nobelprize.org 26 Jul 2010).
Women’s participation in the labour force within the computer domain was mainly as
card loaders and keypunch operators. The marketing strategy to present the new
technology was to use familiar occupational and gender roles. Although that was the
marketing strategy, there were some organisations were women played an instrumental
role. At the Nasa Jet Propulsion Laboratory (JPL) Marcie Roberts were running a
computer group (see Figure 15).
At this point, even though they were expensive research tools, computers were also
used as entertainment platforms. Games like checkers, chess and tic-tac-toe were
popular in the 50s and 60s. Some programming was done only for fun, for example
Spacewar!, programmed on the simple and flexible minicomputer PDP-1 designed by
Ben Gurley (see Figure 16). Apart from Spacewar!, work was done on timesharing,
process control, graphics and music. With the PDP-1 came a focus on the interaction
with humans and not only the efficient use of computer cycles.
“It had a switch. You could turn it on. You got a satisfying clunk. You could type a single
character at it and it would type a little message back. It gave you a great feeling of power.”
- Steve Russell about the PDP-1
“We had a dream of interactive computing. Normal computing was considered big,
expensive, awesome, beyond ordinary people. Interactive computing was exciting and fun,
and people could interact directly with the computer.” - Ken Olsen, founder of DEC
(Digital Equipment Corporation), manufacturer of the PDP and DEC series of
computers.
In 1963, Ivan Sutherland demonstrated the interactive drawing tool “Sketchpad” on a
TX-2 from Lincoln Labs (see Figure 17). This was a starting point for computer
graphics as well as the CAD (computer aided design) technique. It is also said to be the
precursor for “what you see is what you get” (WYSIWYG) in that it managed the
computer to translate abstractions into visual forms in a very concrete way. It was
operated by a mix of input devices – a light pen, a box of buttons for different
commands, and knobs to control the scale and position of the picture on the screen.
During this era there were also some attempts around touch as interaction style.
Sutherland also invented interaction techniques such as “rubber-band lines”,
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magnifying and shrinking graphical objects with constraints keeping midpoints, etc.,
an early form of object-oriented programming.
In 1963 Douglas Engelbart along with Bill English invented the mouse, a woodencased wheel mouse (see Figure 18). Five years later, on December 8, 1968 at a
conference, he gave 1,500 people an extensive demonstration of a whole computer
environment, augmenting intellectual work capacity with word processing, cut and
paste, view control, hypertext, hypergraphics, text windows, local email, video
conferencing, etc. “What will we do when we stop using Engelbart’s ideas?” (Alan Kay,
2003).
In 1966 the trackball Orbit X-Y was in function in an air traffic control tower. Some
work was also carried out during the 60s and 70s on handwriting recognition
(Mermelstein and Eden, 1964) and (Suen, 1980).
A collaboration between MIT, Bell Labs and General Electric developed a multi-user
system, “Multics”, which led to the development in the 60s of VDTs (video display
terminals), making it possible to combine the technology behind the TV screen and
the typewriter to allow the computer user to see the text they were typing on a screen.
This made it much easier to type, edit and delete.
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Figure 14 Kilbys’ Chip photo:Texas Instruments.

Figure 15 Computer group at JPL

Figure 16 Playing SpaceWar

Figure 18 The Mouse
Figure 17 SketchPad
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Fourth-generation computers
The fourth-generation computers came with microprocessors (see Figure 19) and largescale integrated (LSI) circuit chips including tens of thousands of transistors. The
computer processor had now been downsized to fit in the palm of one’s hand. The
microprocessor found its way into goods such as microwave ovens, TVs, cars and other
products. The Polhemus FASTRAK (see Figure 20) position sensors began being
constructed at the beginning of the 70s. Around 1970, the first email was sent over the
predecessor of the Internet (ARPAnet). In 1972 Xerox developed a graphical user
interface (GUI) controlled by a mouse for their Alto computer (see Figure 21), at
which point icons (with dragging and dropping) and overlapping windows are also
introduced.
The same year Nolan Bushnell designed a video game he called Pong (see Figure 22),
which came to be the start for Atari, the game company that would experiment with
new input/control devices such as trackballs and joysticks. In the late 70s, PacMan and
other video games followed. In Stockholm, a chess-playing computer entered the arena
to compete.
In 1976 Steve Wozniak and Steve Jobs designed, constructed and built the Apple I (see
Figure 23), a PC that came with a keyboard and a TV monitor as its display. In 1977
they released the Apple II (see Figure 24), which also included sound and colour
graphics. Steve Gibson introduced the light pen as an input device for the Apple II, but
it turned out to be quite strenuous to use on a screen placed in front of the user. A
touch tablet, which would become the KoalaPad (see Figure 25), was attached, and
also worked with an Alto. Cellular phones were tested in Japan, and pacemakers with
computer-chip tomography began making their way to the market.
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Figure 20 FASTRAK

Figure 19 Intel 4004

Figure 22 PONG

Figure 21 Xerox Star

Figure 24 Apple II

Figure 23 Apple I

Figure 25 KoalaPad
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From 1980 to 2000
By 1981, Xerox had developed their graphical workstations from Alto to the
commercial Star, with two-handed interaction including a WYSIWYG user interface
and direct manipulation.
The 80s were the era of the personal computer (PC). It was introduced into many
homes for different tasks such as learning, entertainment and administrative purposes.
You could now also buy a portable computer, the 10.7 kg Osborne I released by the
Osborne Computer Corporation (see Figure 26).
It was during this time that IBM released its PC with a command line interface, and
Apple introduced the Macintosh, an affordable PC (small workstation) with GUI and
mouse.
Touch screens and multi-touch screens were also being developed at this point. In
1984, Bill Buxton demonstrated a computer with a multi-touchpad, and this
technology is now becoming reliable enough to be introduced on the market. Different
products with touch as an interaction possibility now became available and HewlettPackard released the HP-150, a computer with a touch screen (see Figure 27).
The term direct manipulation (of the object of interest) was introduced by Ben
Shneiderman in 1983. This software interaction style sprang from the sketchpad, in
that the objects were clearly represented in the UI and were possible to manipulate in a
direct way.
The year 1982 saw the introduction of the Commodore 64 (C64), supported by
paddles and a digital joystick (see Figure 28). The C64 could be purchased at
department stores and toy shops, and was designed to be accessible to a computer
novice. You could plug it into your TV set and easily start playing one of the many
games it came with. This is said to be why it became very popular.
The same year, Nintendo released Donkey Kong (see Figure 29), a game that worked
on a directional pad (D-pad). The D-pad (or joypad) is a handheld device for game
control, often operated through movement of the thumbs. A version of Donkey Kong
was available with dual screens. A broad variety of game pads – handheld and often
dual-hand operational – began to be available in the mid-80s. At this point there were
also different augmented hands available, such as the Data Glove. Nintendo
introduced the Power Glove in 1987 (see Figure 30) and Virtual Technologies released
the Cyber Glove in 1990.
The touch tablet could work as an alternative to the joystick on the Apple II and the
Atari 8-bit. Different mice were developed, featuring one, two or three buttons. The
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mouse mirrored the movement of one’s hand with that of the cursor on the screen. In
1983, Time magazine chose the computer as their “Man of the Year” and Robots like
the Omnibot (see Figure 31) could move, carry things and talk.
Less is more – small is big! Laptops, portable computing platforms, began becoming
increasingly popular. In 1992 Apple’s Newton Message Pad, a personal digital assistant
(PDA) was introduced, working with a pen as interface and using wireless
communication. The same year the smartphone SIMON (see Figure 32) came with a
touch screen.
The WWW (World Wide Web, or Web) saw rapid development beginning with the
introduction of the browser (Mosaic, by Marc Andresen) in 1993, and by 1997 over
150 countries were on the Internet and connected. The Web seems to have put us
“back on our button”, to explore the Internet. In the 90s we returned to sitting
postures due to the Internet boom.
Haptics (touch feedback) was introduced with SensAble Phantom (see Figure 33), an
acronym for Personal Haptic Interface Mechanism, around 1990. The GHOST
program for the Phantom technology was developed at the Massachusetts Institute of
Technology (MIT) Laboratory for Artificial Intelligence in 1993. This was a tool that
gave the user very precise stimuli of the touch sense. It measured a user’s fingertip
position and exerted a precisely controlled force vector on the fingertip (Massie and
Salisbury 1994). It was different in that the interface produced a channel for both
input and output whereby the screen was the output and the keyboard and the mouse
were input devices.
In 1992 the first CAVE (Cave Automatic Virtual Environment), an immersive virtual
reality (VR) environment with three walls, was developed at the University of Illinois
at Chicago. In 1998 one of the first fully surrounding CAVEs, with six walls, was built
and demonstrated as the Cube (see Figure 34) at KTH (the Swedish Royal Institute of
Technology).
Tim Berners-Lee, a scientist at the European Particle Physics Laboratory (CERN) in
Geneva, Switzerland, developed the Web as a research tool. It was introduced to the
public on August 6, 1991. Later the same month Linus Torvalds launched Linux that
became an open-source operating system.
The domain facebook.com was bought in March 28, 1997 and the site was launched
in February 2004. The search engine Google was founded by Sergey Brin and
Lawrence Page on September 7, 1998.
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Figure 26 Osborne
Figure 27 HP 150

Figure 28 Commodore C64

Figure 30 Power Glove

Figure 31 Omnobot

Figure 29 Donkey Kong
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Figure 32 SIMON

Figure 34 “VR-Kuben” The Cubic CAVE at KTH
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Figure 33 Panthom Haptics

Human-Computer Interaction 1970-2000
Looking back on how the field of HCI has evolved since the 70s, some researchers
describe the development of theories and approaches in terms of waves, paradigms and
generations. In the early days of computer development the Human Factors domain
seemed to lack methods to apply to the situation. They were criticised for focusing on
the surface – the looks and sizes of humans and machines – anthropometry and
ergonomics did not cover the full story.
Parallel in time, the field of cognitive science entered the scene, bringing what seemed
to be the thing to address for the domain of HCI – to speak the language of the human
mind and computers. Easing the dialogue between humans and computers was in
focus. The body was left to classical ergonomics and human factors that seemed to
focus on problem solving and evaluation, but not development. In this PC and
desktop era with “one computer per person on one desk” –a relatively static user
situation before the interest in context came into focus – it probably seemed sufficient
to concentrate on the cognitive situation as the body was “not the problem”. The body
was there, sitting on a chair, and this was left to classical ergonomics to handle. The
action was in the upper part, in the mind. Work was done and voices were heard about
strenuous work postures for the arms, neck and shoulder areas, and staring into VDUs
(visual display units) was also highlighted as a problem area. With the development of
HCI, the interest grew from the single person in the computer situation to the context
of the workplace and co-workers’ collaboration and participation. The human body
was no longer sitting on its button, but no greater focus seems to have been allocated
to the body and its capacity, although a basic condition for the transport of the head
and the mind even at this time was a functioning body.
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HCI and “Mainframe”

Figure 35 One user – one computer, in one situation at a time

In the early days, HCI was somewhat a mix of HF/Erg and Industrial Engineering and
attempted to ease the situation between the computer and man (Harrison et al., 2007).
The task was to fit these two entities to work smoothly together, in order to reduce
error and improve efficiency. The view was more or less man-machine interaction
(MMI). Work methods included guidelines, systematic testing and anthropometric
methods. The physical movement situation for the users during the mainframe Era was
“walking around the computer turning knobs, pulling switches and waiting for the
result of computer calculation (see Figure 35). In the late 70s, the Information
Processing model came into focus, addressing the way humans were said to process
information from input to output (Lindsay and Norman, 1977).
In the early 80s enough work had been done to formalise the research domain of HCI.
Two conferences were held, one in Europe (INTERACT ’84 in London) and the other
in the US (Human Factors in Computing systems, CHI ’83, in Boston). The
abbreviation CHI stands for the ACM conference on Human Factors in Computing
Systems, which is one of the main conferences in the domain.
44

The cognitive turn in psychology from the 50s had become the main perspective in
research. The modelling and testing in laboratory settings of the information process
(the thinking process) between man and machine were in focus. Artificial intelligence
was in line with this perspective. At this point the work had not yet matured out of the
labs, and even in research this was a small field that did not attract much attention.
Rooted in Computer Science but being a domain with one foot in research and theory
and the other in practice, the field’s underlying methods and theories are quite
disparate and rapidly evolving, including and excluding methods and theories from
other fields. Since, as discussed in the computer history section, most computer users
in late 70s were scientists and to some extent hobbyists, the greater interest in HCI
came with the PC era during the 80s when the focus was on both software and
hardware.

HCI and the “Information processing approach”

Figure 36 Mind–computer, others and context

At the same time as the PC era cognitive science and cognitive psychology, a part of
which was “cognitive engineering”, entered the scene. Now, the interaction was seen as
an information transition between the human and the computer, the machine. The
main perspective was information processing like in cognitive psychology, and human
information processing was in line with computer information processing. The
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physical situation was in general sitting postures at a desk with a computer screen and a
keyboard placed face front (see Figure 36). A broad variety of equipment for the
placement of keyboard and mouse was on the market. Software engineering had come
to realise that it had to be approached in a different way since software was becoming
complex to understand and handle. Therefore, usability and “easy to manage” came
into focus. In “From Human Factors to Human Actors” (1991), Liam Bannon writes
about the shift from analysis to design. Design involves understanding users, how they
develop their skills, how they become an expert on their situation – and inviting them
into system design. He also advocated, among other things, a shift from human to
user, participant and actor: from tasks and actions to experiences; from user-centred
design to user involvement in the design; from requirements and specifications to
iterative prototyping. The reasons for user involvement are both democratic and
qualitative.

“We want to know how to build good systems, not if the system we already built is a good
one” (Bannon, 1991).
The focus grew to include the context and the group that had to deal with a variety of
applications and systems. The theories that were applied came from fields including
situated action and distributed cognition, and methods like participative design
workshops were in focus. The HCI domain grew and became an increasingly diverse
area, not only interested in the “one human one computer interaction” situation, but
also taking into account social and organisation perspectives (as physical ergonomics
had grown into cognitive ergonomics and organisational ergonomics). Usability testing
through observation of the simulated use of technology now found its way out of the
lab environment. HCI focused mainly on the workplace and the desktop computing
situation.
“More is more”: By the mid-90s, almost every science within the Social and Behavioural
Sciences were represented in the domain of HCI. Lucy Suchman (1987) brought field
studies into the domain through her studies of photocopier use. Computer-supported
cooperative work (CSCW) was becoming an important field. This development is
described in Carroll (2003).
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HCI and “design for experience”

Figure 37 Smaller technology and bigger experience.

Now, computers come in many shapes and are found in a variety of places and not
only at labs and workspaces. The physical situation is no longer only sitting postures in
front of a desktop. People walk around and perform small movements interacting with
small displays and small buttons. Sometimes several interactions take place
simultaneously. The former desk is in peoples’ pockets (see Figure 37). The area of
interest has grown to include not only the human, with a mind and feelings all this in
relation to other humans and artefacts in any given context. A mix between work,
private and public are reflected upon. Aesthetics, emotion and experience are terms
that are coming increasingly into focus. The factors that hold everything together seem
to be usability and design. Interaction design and design for the user experience are
growing and strengthening the bridge between HCI and design, and are also building
their own communities. Computers are now more or less consumer appliances: mobile
phones, handheld game consoles and a broad variety of laptops. The long focus on
usability (usability and GUIs, usability and the Net, usability and mobile technology)
has become broadened to include the user experience. In the late 90s, mobile
technology erased the dominance of the desktop situation and physical design again
came into focus, as the mobile trend introduced a whole new problem situation. The
perspective of context is now broadened, as are the perspectives on design, allowing
designers to take part in the scene and contribute (Kuutti, 2008). In his writings, from
The Design of Everyday Things in 1988 to Living with Complexity in 2010, Donald
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Norman has gone from discussing design from a focus on usability and ease of
function to see life as complex but hopefully not too complicated. He also discusses
that technology has become so developed that it can not always be simple to use one
has to put some motivation to the challenge of handle such technology and he takes
the cockpit of today’s airplane as an example.

Models of human movements applied in HCI
Here I give examples of and discuss some of the models used to grasp human
movements and program design. A more detailed description can be found in
MacKenzie (2003).

Hick-Hyman Law (for choice and reaction time)
Starting with Hick in 1952 and independently extended by Hyman in 1953, this law is
predictive, finding a linear relationship from reaction time and transmitted
information. The effect on reaction time, if the number of stimuli is increased, is
RT =a+b*HT
where RT is the reaction time, a and b are empirically determined constants, and HT is
the transmitted information. The reciprocal of b is the “information capacity” (Seow,
2005).

GOMS (goals, operator, methods, selection techniques or rules)
This method, or model, stands on human information processing theory (something
missing in HF models of the time) when measuring human performance in time used
to complete a goal. The aim is to find the most efficient way to perform. The method
focuses on motor actions, perception and the deconstruction of goals (Card et al.
1983).

Guiard’s Theory (bimanual control and action describes the role of the preferred
and the non-preferred hand)
This is a descriptive model showing that most bimanual tasks are asymmetric. It is
therefore of value for the design process to assess this perspective (Guiard, 1987).
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Three-State Model of Graphical Input
This model provides expressions for the recognition and exploration of the relationship
between pointing devices and the interaction techniques they afford (Buxton, 1990).

Fitts’ law (predicts the time it takes for an informant to perform a ballistic
movement between two points).
Paul M. Fitts was a psychologist and President of the Human Factors and Ergonomics
Society, and developed a well-known mathematical model of human motion. He
showed a relationship between the time it takes to perform the movement, the distance
to target and the accuracy. He reported in 1954 on the experiments resulting in the
model (Fitts’, 1954). The model uses an information theory of a physical
communication system on the sensory-motor system, and is based on experiments on
one-dimensional, rapid, continuous, aimed pointing movements. It does not consider
learning, dual-hand operation or differences in extension or flexor movements. Fitts’
law is said to derive from information theory and more specifically from Shannon’s
Theorem 17 (Shannon, 1948). It has been argued by MacKenzie (1989) that Fitts’ law
derived from Goldman’s Equation 39 (Goldman 1953) and was an approximation of
Shannon’s theorem, instead of deriving from the original Theorem 17 by Shannon.
The mathematical form of Fitts’ law is:

MT = a + b*log2(2A/W)

MT = movement time
a, b = regression coefficients
A = distance of movement from start to target centre
W = width of the target

The law has been used in various research studies within the HCI domain. Card et al.
(1978) are said to have been the first to describe the use of Fitts’ law in an HCI
research paper. It has been interpreted and applied quite freely over the years, and has
also been debated and questioned. Beamish et al. (2006) provide a theoretical
background from a neurophysiological perspective, which they felt was missing.
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Zhai (2004) argues that the use of throughput as one of the parameters of Fitts’ law is
not well defined. This is contradicted by Soukoreff et al. (2004), who argue that it is
the mathematical substitution made by Zhai and not the definition of throughput that
is problematic. Fitts’ law is included in the ISO standard 9241-9 (ISO 2000):
“Ergonomic design of visual display terminals used for office work: Requirements for nonkeyboard input devices”, Annex B “Performance testing” (ISO/DIS 9241-9, 2000).
“Fitts’ model is a mathematical expression emerging from the rigors of probability theory. It
is a predictive model at the mathematical end of the continuum, to be sure, yet when
applied as a model of human movement it has characteristics of a metaphor” (MacKenzie,
2003).
This quote by MacKenzie demonstrates that yet other researcher regards it as a
metaphor when applied to human movement.
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Human Factors and Ergonomics
We associate ergonomics with products like keyboards and displays, and in
advertisements and publications the word ‘ergonomic’ stands for the product being safe
and “good”. The term ‘Human Factors’ does not sound positive – the human factor is
the one to blame when things go wrong!
HF/Erg experts, in the domain of computer technology, are sometimes called in to
investigate the situation around the physical interaction when the software and
hardware have already been taken into use. This is sometimes initiated through the
request of an individual employee asking for an evaluation of a problematic situation at
work from an ergonomic perspective. Traditional physical ergonomics presents
requirements and specifications, sometimes based on ISO standards, but all too often
the expert arrives at the scene when the product or the software has already been in use
for some time, and often they are simply asked to investigate the micro-ergonomic
situation around the individual. The focus is on avoiding physical strain and injury,
but there are more qualities inherent in our ability to move than only a lack of strain
and injury. Whatever the lesson learnt, it seldom reaches the software designers or
programmers with the power to alter the system.
A broad variety of ideas have often sprung from ergonomists trying to solve the
problem then and there, at the workplace, not in the position to confront or discuss
the situation with hardware or software developers. The desktop situation has been
measured into every detail and the domain of HF/Erg and provided figures of “best”
angle of body parts in relation to working posture seated in front of a desk (see Figure
38). This knowledge is not always that practical or even possible to arrange for while
out on the field doing practical ergonomic work. Other more product-oriented
solutions of “problems” arising from desktop work are different types of mouse-pads
and keyboards, all aiming at providing relief from the static body postures. There are
also a broad variety of intermission programs (see Figure 39), that can come in paper
form or as small apps on the computer screen.
One may argue that physical problems arising from the desktop situation is a
consequence of poor design in the first place. Did we design equipment, and thereby
job tasks and ways of interaction, that force us to bend and twist our bodies in order
for them not to be malfunctional? Although we are capable of a broad variety of work
postures, we seem to be left with micro-monotony.
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Figure 38 Desktop Ergonomics

Figure 39 Paus-gympa

Definitions
The International Ergonomics Association (IEA) divides ergonomics into three broad
domains:
Physical ergonomics: is concerned with human anatomical, and some of the
anthropometric, physiological and biomechanical, characteristics as they relate to
physical activity. Relevant topics include working postures, materials handling,
repetitive movements, lifting, work related musculoskeletal disorders, workplace
layout, safety and health.
Cognitive ergonomics: is concerned with mental processes, such as perception,
memory, reasoning and motor response, as they affect interactions among humans and
other elements of a system. Relevant topics include mental workload, decision-making,
skilled performance, human-computer interaction, human reliability, work stress and
training as these may relate to human-system and Human-Computer Interaction
design.
Organisational ergonomics: is concerned with the optimization of socio technical
systems, including their organizational structures, policies, and processes. Relevant
topics include communication, crew resource management, work design, design of
working times, teamwork, participatory design, community ergonomics, cooperative
work, new work programs, virtual organizations, telework, and quality management
(IEA, 2000).
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Another definition derives from John Wilson:
”Ergonomics is the theoretical and fundamental understanding of human behaviour
and performance in purposeful interacting systems, and the application of that
understanding to design of interactions in the context of real settings”.
”It is the understanding of the human role as the key element in interacting systems
and of the influences on people interacting in different ways that are the real
contribution from ergonomics” (Wilson, 2000).

HF/Erg organisations in the US and Europe
Ergonomics comes from the Greek words ergo (meaning work) and nomos (meaning
laws). In the US, the terms Human Factors engineering and Human Factors are used
quite synonymously, Human Factors originating in experimental psychology with a
focus on human performance and system design. In Europe, Ergonomics derived from
work physiology, biomechanics and workstation design (Chapanis, 1971).
One of the early publications on work-related muscle disorders is the book “The
Diseases of Workers” by the Italian professor of medicine Bernardino Ramazzini
(Franco et al., 2001). He documented his reflections that repetitive motions of the
hand, constrained body postures and mental stress at work could lead to malfunction
and pain.
The discipline of Human Factors and Ergonomics (HF/Erg) has had its own domain
in education and channels in scientific journals for about 60 years (Wilson, 2000). In
the time between the wars HF work was done in applying anthropometry to aircraft
design. In the car manufacturing sector, research was done on driving behaviour.
Forbes demonstrated that if all the people who were repeatedly involved in accidents
were removed from driving, it would only make a minor impact on the number of
accidents (Forbes, 1939). In the US, the domain is generally considered to have started
during WWII due to military demands and necessity (Wickens & Hollands, 2000).
Before that, the focus was on “designing the human to fit the machine”, with Frederick
Taylor’s work with selection, training and work-rest schedules of workers in industry.
His focus was on finding principles to select the person most suited to perform a given
task. He called this scientific management – a scientific study of work (Taylor, 1911).
Frank and Lillian Gilbreth continued on this track with a time and motion study,
chopping jobs into small bits that were then studied separately. Their focus of interest
was bricklaying, where Frank had observed that every worker had his own set of
methods and motions for working quickly. Their motion economy and motion study,
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instead of only a time study, gave great improvements in efficiency of work and
production, using a camera to document the mini-sequence of the studied movements.
They also observed surgeons and developed the now standard method of the surgeons,
instead of picking up the instruments themselves, saying what tools they want so their
assistants can place them in their hands (Gilbreth, 1914; Gilbreth and Gilbreth, 1917).
The history of HF/Erg starts around the time of WWII, 1939-1945. Although there
are some differences regarding which discipline took the initiative in different
countries, the main focus has been on human performance and well-being. In the UK
it was interests and experts from anatomy, physiology, psychology, industrial medicine,
industrial hygiene, design engineering, architecture and illumination engineering who
developed the discipline. Two subgroups, one in anatomy/physiology and the other in
experimental psychology, were distinguished. In the US, the initiative came from
experts in psychology and engineering. In northern Europe it was medicine and
functional anatomy that initiated the domain of Ergonomics. In Eastern Europe, the
industrial engineering professions led the initiative (Singleton, 1982).
According to Helander, these two approaches tend to blend partly due to the
introduction of computers at the workplace. He points towards Ergonomics being
focused on design in its approach when other areas used in Human Factors, for
example anthropology, cognitive science, psychology, sociology and medical science,
have a focus on understanding and modelling human behaviour (Helander, 2006).
In the summer of 1949, Hywel Murrell invited a small group of people to Oxford
where they discussed and exchanged ideas and defined Ergonomics as “the study of the
relationship between man and his working environment” (Waterson & Sell, 2006). On
the 27th of September 1949, the Ergonomics Research Society (ERS) was formed at
Queen Anne Mansions, Admiralty, London, UK. In November 1957 the first issue of
the journal Ergonomics, with A.T. Welford as editor, was published. In 1961 the
International Ergonomics Association (IEA) held its first triennial meeting in
Stockholm, Sweden and adopted Ergonomics as its official publication. Postgraduate
courses in Ergonomics and Cybernetics are set up at Loughborough College of
Technology in the UK.
In 1967, the ERS became an affiliated body of the IEA and the British Standards
Institute (BSI) requested a definition of ergonomics. The following is what was
provided: “The study of the relation between the worker and the environment in which he
works, particularly the application of anatomical, physiological and psychological problems
arising therefrom.” The ERS is the oldest society of its kind, four years older than the
German Ergonomics Society and eight years older than the Human Factors and
Ergonomics Society in the US.
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HF/Erg from 1945 to 2000
During WWII the domain’s focus shifted from the person/ pilot to the advanced
technology and the design of controls and displays. One could no longer find the man
to fit the task but had to start examining human limitations and design for human
capacity. One study in this vein was conducted by Fitts and Jones. They attempted to
find an effective configuration of control knobs for aircraft cockpits, and found that
the cockpit design could cause “human error” due to certain items confusing the pilot.
The flap and gear handles both looked and felt similar and were also often located in
the same place. The difference in design and style of various cockpits also made human
error more likely. The locations of throttle, mixture and propeller controls were not the
same in all cockpits (Fitts and Jones, 1947). After the wars, HF/Erg work and research
continued to be funded by the military organisations but many universities also
established research departments and curricula. In the private sector aviation,
electronics, car and communication companies saw the benefit of HF/Erg work. In
industry, HF focused on efficiency time-and-motion studies and task analysis. During
the years around WWII, the number of people from the scientific and technical
domains working in the HF field grew. There was a need to organise these people, and
thoughts grew regarding a society to fill this role. The purpose was to exchange
information, methods, data and ideas.
In 1955, plans for such an organisation were started in southern California by people
from the Aero-medical Engineering Association and the Human Engineering Society.
The organisation began in 1957 as the Human Factors Society of America, with
representation from the fields of psychology, physiology, engineering and medicine.
Paul Fitts was one of those involved in planning the agenda for the Society’s, which
worked in industry, universities and government laboratories. The Society’s journal,
Human Factors, and its news publication, the HFES Bulletin, have been published since
1958. In 1992 the Society’s name was changed to the Human Factors and Ergonomics
Society.
In Europe, the ergonomics of the 50s focused on the well-being of workers and job
design. There was close collaboration with strong union movements, especially in the
Scandinavian countries, the UK, France, Holland, Italy and Germany. This made it
possible to demand good working equipment.
During WWII it became obvious that something had to be done to overcome the
problems with human capacity/skill aspects of airplanes, radar, tanks and other
equipment. It became impractical to select people from the Tayloristic perspective.
One had to design for the limitations and capacities of the men and women at hand.
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The complexity of the technology had augmented human error, and problems were
found in the poor design of controls and displays, for example.
Henry Dreyfuss, an American industrial designer, contributed extensively to the field
of ergonomics and design. He measured human bodies and created Joe and Josephine,
anthropometric “road models” of individuals to speed up and help the design of
products and systems. He worked in a very user-oriented manner and advocated trying
out the concepts, the prototypes, in real situations with real people. Although his work
was “in detail” when it came to the measurement of body parts and range of motion he
did include the cognitive, emotional and ease-of-use perspectives as equally important
in design.
“If this book can have a hero and a heroine, they are a couple we call Joe and Josephine.
...they occupy places of honor on the walls of our New York and California offices...They
remind us that everything we design is used by people and that people come in many sizes
and have varying physical attributes. ...Our job is to make Joe and Josephine compatible
with their environment...” (Dreyfuss, 2003).
Brian Shackel is another individual who contributed to the field of Ergonomics. He
was Head of the Ergonomics Laboratory at EMI Electronics where he, among other
achievements, in the mid-60s redesigned the console of the Emidec 2400. For more
than 40 years he was one of central figures in the development of the domain of HCI.
Shackel had a lifelong vision and mission, believing that perspectives on and
knowledge about humans’ capabilities and limitations should be considered when
developing products and systems to make them safe and useful to interact with. In
1970 he became Professor of Industrial Ergonomics and established the HUSAT
(Human Sciences and Advanced Technology) Research Institute at Loughborough
University in the UK, and this institute became one of the most important HF centres
in Europe. Examples of studies carried out at the HUSAT Institute were health issues
associated with computer use such as eye fatigue, pregnancy complications and
repetitive strain. At HUSAT, the user-centred design was the core focus; Keeping the
user in focus during the entire design process was something to aim for. Shackel argued
for the value of incorporating HF into the initiative to stimulate the IT industry in the
UK during the 80s. He was equally convinced that engineers should understand
HF/Erg, and therefore argued for the subject to be included in many engineering
programmes at Loughborough University. One of his achievements was to give
HUSAT a leading role in the European Strategic IT research and development
Programme (ESPRIT), where human issues were addressed during the development of
information technology. Shackel also founded the INTERACT conference to promote
HF/Erg in the computer industry.
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HF/Erg of today
The development of computers fuelled the demand for ergonomics. Media reported on
new ergonomic input devices, and information displayed on video screens gave HF
professionals new challenges. The many great technological disasters of the 80s, with
Bophal (the Union Carbide gas tragedy) in 1984, Chernobyl (nuclear plant) in 1986
and Texas (oil wells) in 1989 made it painfully obvious that a focus on HF during
every step in the system is crucial whereas preventive actions are hard to take on board
later.
The development of the Internet has challenged the domain with new and “old”,
traditional HF problems with small screens and touch interfaces, with poor feedback
on physical actions. The growing number of applications that augment the automation
in many systems and has put the humans in the backseat – “Who’s driving the car?”
With fully automated systems, opportunities to learn and become a skilled driver are
scarce. Adaptive technology is another area where the trade-off is not always clear.
Many people have had personal conflicts with Microsoft Word trying to adapt to their
typing behaviour – “No, I do not want to make a bullet list”.
The domain of HF/Erg has become so broad and intertwined with other domains that
it has become difficult to pinpoint a clear picture of the work and research being done.
The Human Factors and Ergonomics Society has 23 technical sub-groups: Aerospace
Systems, Aging, Augmented Cognition, Cognitive Engineering and Decision Making,
Communications, Computer Systems, Education, Environmental Design, Professional
Forensics, Health Care, Human Performance, Individual Differences in Performance,
Industrial Ergonomics, Internet, Macro-ergonomics, Perception and Performance,
Product Design, Safety, Surface Transportation, Systems Development, Test and
Evaluation, Training and Virtual Environments.
Jordan suggests in his book “Designing Pleasurable Products” that HF should go
beyond usability and aim for pleasure in the design (Jordan, 2002).
A domain such as HF/ Erg, which tries to adapt to the constant changes and
development in society, faces new challenges and defines new areas. Examples of new
areas are affect, neuro-ergonomics and nano-ergonomics. In 2009 the Ergonomics
Society became the Institute of Ergonomics and Human Factors. The 60th anniversary
of the Ergonomics Society was marked with an exhibition at the Design Museum in
London, called ‘Ergonomics: Real Design’.
The literature and books within HF/Erg tend to be heavy bricks, e.g. Wickens and
Hollands (2000), Helander (2006), Wilson and Corlett (2005) and Pheasant (2006).
They often include subjects like anthropometry, biomechanics, physical workload,
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NISOH lift and weight recommendations, work postures, human error, safety,
assessment of the physical workplace, analysis of work systems and organisations, risk
analysis and ergonomic interventions. The approach, although often defined as dealing
with design, tends to come at the tail end of the development chain. Thus, the
solutions and methods used for dealing with problems are not much more than a
band-aid. The many examples of products, systems and organisations that suffer from
problems due to a lack of focus on HF/Erg might not be possible to solve when the
systems, products and applications are already in use.

“Ergonomics are common sense”
“Given the number of human factors deficiencies in the things we use, if human factors is
based on just common sense, then we must conclude that common sense is not very
common”. (Sanders and MacCormick, 1993).

Reg Sell, former President of the Ergonomic Society, talks about problems and
challenges for the future:
“One problem we have is that ergonomics often does not become recognised until there has
been a disaster. If everything works well and the people aspects are considered in the design
of a system, then credit is all too often not given. Almost all developments in the subject have
been due to someone, after an incident, seeing that either there is a pattern of errors which
could have been prevented or has undertaken a systemic analysis of the situation and
identified a failure to take account of ergonomic aspects.”
“A major continuing interest is in the role that the human has to play in relation to
technology. Allocation of function between human and machine has been of interest to
ergonomists over all of its 60 years. With developing technology this is becoming ever more
important. Whilst we can automate ever more functions how far should we go? A lift can be
fully automatic, but should we automate air traffic control? Similarly we can now automate
many of the roles of the car driver. If we want to keep them awake and in full control which
ones should we give to the computer and which ones should we leave to the driver? These are
the kinds of challenges that will face the discipline, and the Society, over the next 60 years.”
(Sell, 2009)
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Standards
A worldwide network of organisations standardised the name ISO, which can also be
derived from the Greek word isos, which means equal. Otherwise, the name would
have had different abbreviations in many countries. At its start in 1926, with a focus
on mechanical engineering, the organisation was called the International Federation of
the National Standardizing Associations (ISA), reorganised after WWII in 1946, and
took the name ISO.
The domain of HF/Erg has been developing standards for a variety of areas and not
only, as was the case in the beginning, mechanical engineering.
In the early 80s ISO standard 9241 was established: “Ergonomic requirements for
office work with visual display terminals” and has now evolved into a worldwide
standard with 28 subsections. Its name has also been changed to Ergonomics of Human
System Interaction. One of the first meetings about this standard was held in
Manchester in 1983, and among the attendees were ergonomists Tomas Berns and
Bengt Knave from Sweden.
In 1986, Berns and Knave organised the conference “Work with Display Units” in
Stockholm. It was repeated about every third year in Montreal, Berlin, Milan, Tokyo,
Berchtesgarten and Kuala Lumpur. In 2007 it returned to Stockholm under the name
WWCS2007, and today it is a Technical Committee of the International Ergonomics
Association (IEA TC) WWCS (Work With Computing Systems). In August 2009, the
WWCS organisation and the ISO TC collaborated in a unique joint meeting at the
17th IEA Congress in Beijing.

ISO - the International Organization for Standardization
ISO is a worldwide federation of national standards bodies (ISO member bodies). The
work of preparing international standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee.
International organisations, governmental and non-governmental, in liaison with ISO,
also take part in the work. ISO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electro-technical standardisation.
It is hard to make direct use of the standards as a practical tool in a given situation, but
they do fill an educational role as something to consider when reflecting upon design
decisions.
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The IEC has an ambition to support a European standardisation system capable of
avoiding barriers to trade and increasing the competiveness of European industry for
products and services.
• ISO 9241 “Ergonomics of Human System Interaction” is a standard for usability and
has been widely accepted in the domain of HCI. It lists requirements and
recommendations relating to the attributes of hardware, software and environment that
contribute to usability, and the ergonomic principles underlying them.
• ISO/TS 16071 “Ergonomics of human-system interaction — Guidance on
accessibility for human-computer interfaces” provides guidance on the design of
accessible (work, home, education) software for people with the widest range of visual,
hearing, motorical and cognitive disabilities, including those who are elderly and
temporarily disabled. It does not provide recommendations for the design of hardware.
It promotes increased usability of systems in combination with assistive technologies,
when they are required. It does not cover the behaviour of or requirements for assistive
technologies themselves (including assistive software).
• ISO 15536-1 “Computer manikins and body templates” – Computer manikins are
intended to reduce the need for real test persons and the evaluation of physical models
and prototypes. However, real persons provide not only their true physical dimensions
but also their differing functional and perceptual capabilities as well as their assessment
of the ease of performance, comfort and other properties of the design.
In the use of manikins, several ergonomic aspects (e.g. anthropometric, postural, visual,
strength-related, dynamic) are addressed in one and the same test situation. As a
universal design tool, the manikin is particularly useful for entirely novel designs, when
no recommendations on the dimensions exist and no reference situations for full-scale
evaluation are available. In the design process, the use of computer modelling with a
manikin facilitates information exchange and collaboration between different
specialists and users.
• ISO 13407 “Human centred design processes for interactive systems” provides
guidance on achieving quality in use by incorporating user-centred design activities
throughout the lifecycle of interactive computer-based systems. It describes usercentred design as a multi-disciplinary activity, which incorporates HF/Erg knowledge
and techniques into the objective of enhancing effectiveness and productivity,
improving human working conditions, and counteracting the possible adverse effects
of use on human health, safety and performance.
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Some ergonomic methods
Lifting Equation from the National Institute for Occupational Safety and Health
(NIOSH) in the US.

Figure 40 NIOSH Lifting Equation.

The NIOSH Lifting Equation (see Figure 40) is a tool for identifying, evaluating or
classifying risks associated with a lifting task, and was developed in the US in the early
80s. In 1991 the tool was updated, increasing the types of task variables it could assess
(Waters et al. 1994).

Figure 41 OWAS (Ovako Working Posture Analysing System).

Developed in Finland during the 80s. Observes motion in sequences, with no aspects
of the psycho-social perspective. The OWAS (see Figure 41) involves a time sampling
of body postures and force through whole-body posture recording and analysis
(Heinsalmi, 1986).
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Figure 42 RULA (Rapid Upper Limb Assessment tool).

As with the OWAS, the RULA (see Figure 42) assessment is done through selecting
figures and numbers, with a higher number reflecting a higher level of force/workload.
RULA focuses more on the upper body and looks at static or dynamic workload,
repetitions and the weight of the burden (Waters et al., 1993).
”The choice between the methods available will depend upon the application concerned and
the objectives of the study. General, observation-based assessments appear to provide the
levels of costs, capacity, versatility, generality and exactness best matched to the needs of
occupational safety and health practitioners (or those from related professions) who have
limited time and resources at their disposal and need a basis for establishing priorities for
intervention”(David, 2005).
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Chapter 3

Current interaction technology
and terminology
In recent years, from 2000 on, we have seen interaction technology mature and truly
leave the desktop. We walk, talk, listening to music and pay our bills on the move
through the net, while the technology register our whereabouts and heart-rate besides
providing us with coaching pep-talk to take a walk - counting steps. Physical
interaction such as touch, slightly tapping or dragging on a touch-screen, and gestures,
waving to regulate the volume or change music is seen as natural interfaces. The
interaction displays comes in various size from hand-held to huge filling entire rooms.
Although some interaction is done with big gestures the power or physical strength
needed is mostly light. ‘Drag and drop’ in physical terms is synonymous with
‘Contract and relax’ – something of great value to keep up one’s circulation. The
physical became digital, and now the digital is designed to be more physical.
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Figure 43 Wall-sized touch-sensitive displays

The interfaces between humans and computer technology are changing and it may be
difficult to know the exact border when computer devices are embedded within us
(Harper et al., 2008). Yvonne Rogers examines and reflects on theories and practical
perspectives used by both researchers and designers within the wide field of HCI
(Rogers, 2004). In a later paper (Rogers, 2009), she discusses the shift from the HF
approach of the 70s and 80s to the information processing approach of the 80s and
90s, to a move and a direction beyond the philosophies of the “felt experiences”, the
“enjoyable/comfortable living” and head for human values, augmentation of the
human senses, mind and body.
“In revisiting Engelbart’s original idea, we can think more generally about how human
behaviour rather than the human intellect can be augmented with personal, social and
cultural technologies, which aim to actively extend what people can do” (Rogers, 2009).

Physical Interaction Technology
For post-WIMP (referring to the success of Windows, Icons, Mouse and Pointer since
the 70s) interaction techniques, some researchers (Jacob et al., 2008) propose realitybased interaction for analysing, designing and understanding:
“As technology moves into the real world, we observe interactions that are closer to actions
and skills we use every day in the real world. These new technologies and interaction
techniques blur the line between the real, non-digital world and computers”.
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Interaction Technology from 2000 to 2010
During the past decade we have gotten used to playing games by waving our arms
holding a light console, carrying all our preferred music in a device thinner than a
chocolate bar in our pocket, and going to the Net when we have a desire to find
answers to our questions, where we also meet with old and new friends.
The “Mixed Reality Table” from Microsoft Research came in 2001 and 2005, four
years later, the “Play Anywhere”, with touch and object detection was on the market.
The Xbox 360 came in 2001. Mixed reality games like the Touchspace (Cheok et al.
2002) and the Human Pacman (Cheok et al. 2003) use body movements as interaction
modality.
Tobii Technology, a 2001 spin-off from KTH in Stockholm, Sweden, develops eyetracking. The initial idea was that the technology could be used for interaction when
hands and other parts of the body are occupied or dysfunctional, as in paralysis. It
turned out that the Web market was interested in knowing where people focused their
eyes when browsing, in order to be on the spot with marketing. Later, Tobii has made
developments in the gaming field.
In 2006 the Natural User Interface (NUI) group was formed. The same year, Lucid
Touch and Nintendo Wii (see Figure 44) were released, and in June 2007 the Apple
iPhone with a touch interface was on the market (see Figure 45). Microsoft Surface,
with a multi-touch interface (see Figure 46), was released in 2007 and technologies
using touch, or tactile, interaction became more and more popular. In 2009 Windows
7 (see Figure 47) began using touch (Windows Touch), and together with a touch
screen you can interact directly on the screen using gestures such as snap, peek, shake
and flick after a bit of training to get it right.
Nokia now provides a tapping interface for music control. The iPhone, the iPod, the
Nintendo Wii, GPS, USB flash drivers and WiFi, among others, have really become
hits and have millions of users.
Google, “googling” and social media such as Twitter and Facebook are becoming
everyday habits.
The reading tablet iPad from Apple came in January 2010. We no longer need to turn
pages by grabbing the page in paper but instead simply drag or slightly touch our
finger-tip on the screen when it comes to interaction. Technologies that recognise body
movement are becoming more sophisticated, for example the Xtr3D and the Soft
Kinetic (see Figure 48). The Phantom Haptic technology continues to develop
interfaces for surgeon training and other applications.
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Software is now becoming so loaded with possibilities that the work area is shrinking.
This is one of the reasons it is more common today to have more than one screen to
avoid having to “keep one’s paintbrushes on the canvas”. It is also a way to provide
variation for the eye movements that tend to be static when only one screen is used.
Interface development from command line/command language/command entry
interfaces based on text via GUIs controlled by graphic objects has continued into
broad variety of devices or techniques for interaction addressing the physical in a more
determined way through actions and activities.
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Figure 45 Apple iPhone
Figure 44 Nintendo Wii system

Figure 46 Microsoft Surface

Figure 47 Windows 7

Figure 48 Xbox Kinect

67

Ubiquitous Computing
Designing for physical interaction is gaining more and more interest and focus in
research and product/system design, from screen-based interaction relying mostly on
vision, to interacting in 3d reality with touch using multiple fingers or gestures. Here, I
relate this to current interaction concepts.
In 1988, Mark Weiser at Xerox PARC (Palo Alto Research Centre) coined the concept
“Ubiquitous Computing” (Weiser 1991). His vision was that computers should help
you do something – help you to perform. A computer should know its place as a “silent
invisible servant”. The computer should let you act and extend your unconscious
behaviour. He wanted more focus on human-to-human than human-to-computer
interaction. Another of his visions was that the interface should be invisible, although
the objects and systems ultimately developed within the field did not truly become
invisible. The focus shifted from the technology and the interfaces towards the
interaction, the action and the human goals or the purpose of the action.
The ubiquitous initiative at Xerox PARC was driven by a vision to break away from
the one person-one desktop computer situation that was dominant at the time. They were
aiming for, among other things, large wall displays that one could interact with using
an electronic pen, and the ability to scan documents by pressing them to the wall
display. This would allow people to work shoulder-to-shoulder and co-interact with
the material displayed on the wall. Large screens allow large gestures and an overall
picture that is displayed less obviously on a downsized desktop or handheld display.
They built prototypes of a board, a pad, a tab and a badge, different objects with
different sizes and functions, that worked together to form a silent, ubiquitous system.
They had a clear vision of how size matters as an issue in the process of selecting ways
of interacting.
“There is more information available at our fingertips during a walk in the woods than in
any computer system, yet people find a walk among trees relaxing and computers
frustrating” (Weiser, 1999).
After some time, they discovered that the invisible part of the vision might produce
certain obstacles, as it would be hard to control and evaluate one’s actions. Inverted
WYSIWYG –an invisible computer system – might not be the way to proceed.
Mark Weiser, along with John Seely Brown, then coined calm technology, defined as
something that disappears in the hand of the user the same way a physical tool tends to
do in the hands of a skilled craftsman (Weiser & Seely Brown, 1995). Weiser realised
that it is perhaps not possible to beat Mother Nature. I ask myself if we might not go
in another direction and select when we should use technology “hands on” and when
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we should not touch it (“hands off”). The mix of invisible computers and visible
people in the real-time real world is a challenge. The European Commission hosted the
research programme “The Disappearing Computer” in the years around the
millennium shift. There were around fourteen projects addressing perspectives of
computer technology that “disappear” into everyday objects. Pervasive computing
shares the vision for computer interaction with Ubicomp, but is somewhat critical of
the ideas concerning the invisible computer. In the paper “Making sense of sensing
systems” Belotti et al (2004) looks at Human to Human Interaction (HHI) and
formulates five questions to address when designing Ubiquities systems. One being –
When I address a system, how does it know I am addressing it? They are pointing towards
the multitude of issues to be solved when the traditional GUIs are absent. In an
experiment comparing three post-WIMP interaction techniques Mackay et al (2002)
report that the choice of preferred technique is context dependent and “Since a single
application must support different kinds of cognitive tasks, interaction designers should
consider integrating multiple interaction techniques, rather than selecting only one”.
Another way to address post-WIMP design is through the framework Reality-Based
interaction (Robert et al, 2008). They divide the focus into Naïve Physics, Body
Awareness and Skills, Environment Awareness and Skills and Environment
Awareness and Skills. Peoples have common sense knowledge about the physical
world, their bodily skills, the sense of their surroundings and others in the
surroundings. This should all be considered in the design of post-WIMP
technology.
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Physical Computing
Physical Computing is a “hands on” learning situation for building mechanics and
computer technology to work together, if computing rather than computers is desired.
Many universities offer courses in Physical Computing, in which students work with
programming and microelectronics mechanics (see Figure 49). In the introduction to
the book Physical Computing – Sensing and Controlling the Physical World with
Computers, authors Dan O’Sullivan and Tom Igoe write:
GUI technology allows you to drag and drop, but it won’t notice if you twist and shout. It’s
made it easy to open a folder and start a program, but we’d like a computer to be able to
open a door or start a car. Personal computers have evolved in an office environment in
which you sit on your butt, moving only your fingers, entering and receiving information
censored by your conscious mind. That is not your whole life, and probably not even the best
part. We need to think about computers that sense more of your body, serve you in more
places, and convey physical expression in addition to information” (O’Sullivan and Igoe,
2004).

Figure 49 Hands on
Physical Computing

Figure 50 Mudpad
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Haptics
Haptic derives from the Greek word απτό, “I fasten onto, I touch”, and means
something that can be touched or grasped.
Haptics, according to George Révész who was one of the first to use the term, is the
technical term for touch, as optics and acoustics are for light and sound (Révész 1934).
Haptics is sometimes used in general terms, whereas in physiology there are terms such
as active touch, palpation and proprioception referring to how we explore, learn and
sense the position and movements of our bodies (Robles-De-La-Torre, 2009).
Gibson talked about the Haptic system for Haptic perception. A definition of the Haptic
system, according to Gibson, is the sensitivity of the individual to the world adjacent
to his body by use of his body, to explore in an active way where body movement plays
an important part (Gibson, 1966). Exploring objects through touch or Haptic
perception includes a combination of the somatosensory system for perception felt
through the skin sensing form, texture, etc., and the system for proprioception –
knowing, for example, where one’s hand is positioned in a room.
Haptic communication technologies focus on adding the sense of touch and forcefeedback to the experience of communicating with technology. Haptics are mostly
involved in training/simulation in domains such as surgery and flight simulation, and
touching and manipulating objects/material that are risky to handle manually. Haptics
can, within the research field of HCI, be referred to as technology that uses force
feedback, tactility and proprioception in the output and input.
When buttons disappear in favour of touch screens in devices like mobile phones,
game controls and computers so does the tactile feedback. The need or the value of
feedback will still exist, and Haptics seems to offer the solution to this. Haptic
interfaces are being more and more widely used; the following are some examples:
Immersion is a company that develops haptic technology for a variety of areas such as
healthcare, the automotive industry and gaming. For the gaming industry technologies
such as shake, rumble and force-feedback are included in handhelds, controls and
arcade games (immersion.com/products/index). The two following examples have
developed localised active haptic feedback. You thereby get the tactile feedback were
you touch and not over the whole screen. The Pacinian Company has developed a
HapticTouch they call Surface Actuation, whose technology is based on electrostatics
(pacinian.com). The Media Computing Group at RWTH Aachen University in
Germany has developed Mudpad (see Figure 50) a haptic interface (Jansen et al.,
2010).
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Many of the interaction styles using touch still rely quite heavily on vision to support
the action. The iPhone is one example of this, as described in a patent application from
Multi-Haptic feedback.
“Research has shown that providing the multi-touch surface with the ability to provide
physical (haptic) feedback makes the multi-touch experience even more efficient and realistic
to the user," the application reads. "For example, physical keyboards provide a physical
indication (a bump, for example) indicative of the home key. This physical sensation can
not be provided by a conventional multi-touch system thereby forcing the user to visually
locate the home key thereby making keyboard use less efficient and fatiguing”
(appleinsider.com).
Another area for haptic interfaces is learning. In the e-sense project, a motion capture
system with vibro-tactile feedback was developed and tested. The aim was to support
learning bow movements while learning to play the violin. The same project developed
a system to alert children to their posture when learning how to play a string
instrument (Van der Linden et al. 2009). This provides new tools to the skilled teacher
who otherwise might have used words, metaphors, gestures, mirrors or sounds.

Tangible Interaction
Tangible Interaction focuses on a broad variety of physical ways of interacting with
digital/computational systems and is used as an umbrella term. A paper that came to be
the starting point for the Tangible User Interface (TUI) domain is “Bricks: Laying the
Foundations for Graspable User Interfaces” (Fitzmaurice et al. 1995). It was a
demonstrator with graspable bricks, a sort of physical digital Legos, where on a
horizontal screen bricks were placed and connected to selected graphics on the screen.
Thus, in moving the bricks one moved the graphics as well. The authors discuss a shift
from one task at a time (as the interaction was mainly done at the time since the mouse
was the dominant tool) towards a Graspable User Interface design. Some of the
arguments for TUI are that the interaction is more natural, realistic and direct – we
can use our hands/fingers/gestures/bodies as pointing, clicking and choosing devices.
Movements are seamless and coupled and we, to some extent, have to design them to
make them understandable to the system. Clear feedback is not always given as to what
went wrong if the interaction does not result in what the user was aiming for, at least
in action-gaming systems like the Xbox Kinect and the Nintendo Wii. In “Sensible,
sensible and desirable: a framework for designing physical interaction” Benford et al.
(2003) analyse movements of interfaces were “Sensible movements are those that
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users naturally perform; sensable are those that can be measured by a computer;
and desirable movements are those that are required by a given application”.
When applying this framework in some of their work they could reveal potential
problems and also get inspiration for new features.
The area of Tangible interaction came into focus towards the end of the 90s. Although
researchers like Bill Buxton had early on reflected on how the design from a visual
perspective had matured over time to include colour, icons and typography in his
“There’s more to Interaction than Meets the Eye” (Buxton, 1986), there were, at that
time, little signs of a focus on the rest of the body.
“Imagine a time far into the future, when all knowledge about our civilization has been
lost. Imagine further, that in the course of planting a garden, a fully stocked computer store
from the 1980’s was unearthed, and that all of the equipment and software was in working
order. Now, based on this find, consider what a physical anthropologist might conclude
about the physiology of the humans of our era? My best guess is that we would be pictured as
having a well-developed eye, a long right arm, uniform-length fingers and a ‘low-fi’ ear. But
the dominating characteristic would be the prevalence of our visual system over our poorly
developed manual dexterity” (Buxton, 1986).
Buxton was reflecting on what physical anthropologists would make of the findings
when digging up the 80s in the distant future. He imagined that they would imagine
us with one big eye, a right arm with all its fingers the same length, and an ear. We are
now at 2010, 25 years later, and research and development have now given us far more
possibilities to use the full range of our physical abilities. Still, there seem to be things
to address if the aim is to include our needs and abilities for physical activities in our
interaction with IT technology.
“Currently, the actions required by electronic products are limited to pushing, sliding and
rotating. Yet humans are capable of far more complex actions: Human dexterity is highly
refined. This focus on actions requires a reconsideration of the design process” (Buur et al.,
2004).
With the move towards physical interaction, we are interested in exploring how to base
interaction on actions that require the user to build bodily skills. We see “rich actions”
as a thus far neglected, yet essential, approach to tangible interaction.
The Tangible Media group at the MIT Media Lab describes tangible interaction
through “Tangible Bits”: “Where the sea of bits meets the land of atoms, we are now
facing the challenge of reconciling our dual citizenship in the physical and digital
worlds. People have developed sophisticated skills for sensing and manipulating our
physical environments. However, most of these skills are not employed by a traditional
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GUI (Graphical User Interface). Tangible Bits seeks to build upon these skills by
giving physical form to digital information, seamlessly coupling the dual worlds of bits
and atoms. We are designing tangible user interfaces, interactions with graspable
objects and augmented surfaces, exploiting the human senses of touch and kinesthesia.
The goal is to change the ‘painted bits’ of GUIs (Graphical User Interfaces) to ‘tangible
bits’, taking advantage of the richness of multimodal human senses and skills
developed through our lifetime of interaction with the physical world”
(tangible.media.mit.edu).
Eva Hornecker has written a history of Tangible Interaction, stating that the field arose
from dissatisfaction with screen-based interfaces and VR, which were said to alienate
people from interacting with the real world. She sees a somewhat unclear legitimacy for
the arguments in the domain and urges researchers to be more explicit about the
advantages of Tangible Interaction and the contexts and application areas for which
they would be the best choice (Hornecker, 2009).
Although the commercial arguments (and even those in research) are somewhat
unclear, touch, grasp and tangibility are chosen as the natural way to interact with
computing technology. Hornecker reflects on the problem of the area being too
narrow and opening up for a less distinctive definition, including design principles for
tangibility and materiality, physical embodiment of data, bodily interaction,
embeddedness in real spaces and contexts (Hornecker and Buur, 2006).
Tom Djajadiningrat et al. discuss a focus on Tangible Interaction instead of tangible
interfaces. In one of their papers, they focus on movements from a perceptual
perspective and argue that product design has placed too little focus on movements and
our bodily engagement in the world. The result has been technologies that demand our
cognitive abilities and provide fewer opportunities to build our bodily skills. They
outline a design for bodily engagement and the expressiveness of product movements
by providing some examples (Djajadiningrat et al., 2007).
Mahler et al (2009) designed a new tangible interface for mobile devices that link the
physical with the digital. They call it the Tangible Reminder Mobile. The aim was to
support us with a physical reminder connected to digital information.
Fernaeus and Tholander advocate a change in perspective, arguing for a practiceoriented turn based on social science. Their overall aim is to avoid the dualistic
perspective whereby bodily actions are separated from cognitive ones and interaction is
referred to as input and output. Their argumentation for Tangible Interaction
concerns sensory experiences of manual actions, and they discuss how pulling,
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squeezing and shaking can make their way to becoming a more natural choice in
interacting with computer technology (Fernaeus et al., 2008).

Below are some examples of prototypes and products using Tangible Interaction.
SandScape A tangible interface for designing and understanding landscapes through a
variety of computational simulations using sand; the user manipulates and modifies a
landscape model by physically manipulating the sand (see Figure 51). The user views
these simulations as they are projected on the surface of a sand model that represents
the terrain, and can choose from a variety of different simulations that highlight the
height, slope, contours, shadows, drainage or other aspects of the landscape model.
The user can alter the form of the landscape model by manipulating sand while seeing
the resultant effects of computational analysis generated and projected on the surface of
the sand in real-time. The project demonstrates an alternative form of computer
interface (TUI) that takes advantage of our natural ability to understand and
manipulate physical forms while still harnessing the power of computational
simulation to help in our understanding of a model representation (Ishii et al., 2004).
Digiwall An interactive climbing wall developed at Interactive Institute in Piteå,
Sweden. It is a mixture of a traditional bouldering and a full-body computer game (see
Figure 52). Route findings are guided by the sun and light. The wall “interacts” and
responds to the user’s actions (see didiwall.se for more information).
Zygote Interactive Ball An interactive ball, using LED and sensor technology, that
responds to touch and pressure through changing its colour when the user bounces,
taps, punches or squeezes it (see Figure 53). It was designed by Alex Beim in 2007 at
Tangible Interaction Group and has been displayed at the closing ceremony of the
2010 Olympic Games in Vancouver (see tangibleinteraction.com for more
information).
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Figure 52 Digital Climbing on Digiwall

Figure 51 Interaction via sand SandScape

Figure 53 Ball interaction with Zygote
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Smart fabrics and wearable computing
Within the field of smart fabrics and wearable computing, the sense of touch comes
more to the fore since touch has the ability to sense different textures, which is not the
case with technologies such as flat LCD, plastic keys or glass surfaces.
iPosture is a small sensor device that vibrates when you slouch. The aim is to alert you
to maintain good posture while sitting (Johnson et al., 2010). Another example is
sports watches, which monitor your physical state while you are training.
One of the leaders in the field of smart fabrics is Stacey Burr, former CEO of
Textronics, a pioneer company in electro-textiles. Textronics developed the first
wearable sensors for fitness and health, and in 2008 was sold to Adidas. Stacy currently
works at Adidas as VP for their Wearable Sports Electronics division.
Richard Wayne DeVaul, PhD in Media Arts and Sciences from MIT, is President and
co-founder of AWare Technologies, a company focused on behaviour change for
physical fitness. Among other products, they have developed a highly appreciated
health and fitness app for the iPhone, the StepTrakLite.

Whole Body Interaction
In November 2007 a workshop on Whole Body Interaction was organised at the
Liverpool John Moores University by David England, “Whole Body Interaction: The
Digital Future of The Human Body”, and in the ensuing three years, workshops have
been held on the subject during the CHI conferences there. The interest in Whole
Body Interaction within HCI is growing. The technology is maturing in motion
capture, sensor technologies and biocybernetics, and ideas on how to enrich the
interaction including body movements and knowledge from movement specialists are
being included in digital interactions and products (Englund et al., 2010).
Researchers in the HCI and ID domains are increasingly exploring our movement
ability in the design of interactive systems (Brant and Grunnet, 2000; Buur et al.,
2004; Jensen et al., 2005; Hummels et al., 2007; Larsson et al., 2007; Moen, 2006 and
2007; Schiphorst and Andersen, 2004). In this domain, the movements themselves
rather than specific functions are in focus (Tholander and Johansson, 2010). Subjects
such as obesity are being addressed through interactive systems (Sheridan and Mueller,
2010).
With inspiration from dance and theatre, the body and body movements are seen as
material for design.
77

”Working with the moving body as a design material inherently requires an intimate
understanding of the moving body. For these researchers, the body-in-motion and its felt
experience are the generative source and medium for exploration of dynamic, qualitative
concepts for design and the ultimate test of successful engagement with interactive systems,
products and spaces. Methods and techniques for facilitating the use of the moving body as a
design material and for developing a sensibility towards movement are still emerging” (Loke
and Robertson, 2009).
Bystander is an immersive, interactive, multiuser artwork in which the motion and
stillness of visitors are sensed and responded to (Loke and Robertson, 2008).
Observations of activities like golf and skating in order to develop design ideas to feed
into Interaction Design reflect an aim for a higher focus on physical movements
(Tholander and Johansson, 2010).
The Body Bug was developed during Jin Moen’s doctoral project in cooperation with
the engineer Johan Sandsjö. Today, the Body Bug is about to hit the market as an
interactive movement companion for the purpose of joy of movement (Moen, 2006).
The Natural User Interface Group (NUI Group) started in 2006, with Harry van der
Veen as one of its co-founders. It is an open source network, or community, aiming at
developing technologies and methods in the areas of touch, gestures, movements, face
and voice recognition. The NUI Group call systems such as the XBOX360 Kinect,
Microsoft Surface and the Apple iPad Natural User Interfaces (NUIs). The word
natural was chosen to point out that the interaction takes place not through a device
but rather through quite natural movements or easy to learn gestures, and that the
interaction is more humanistic (naturalui.com). There is also a Swedish company
called Natural User Interface Technologies AB (NUITEQ), of which van der Veen is
CEO and co-founder. This company is based in northern Sweden in the small town of
Skellefteå, and has developed software called Snowflake Suite for multitouch that
allows the user to interact with a surface using more than one finger at a time.
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Games within healthcare
There is a growing interest in using action gaming and VR technology within
rehabilitation and healthcare. Some use off-the-shelf technology gaming systems such
as the Nintendo Wii. The repertoire of games includes Wii Sports, Wii Resort and Wii
FIT (Saposnik G. et al., 2010). Others, like Silverfit a company based in the
Netherlands, develop exercise games tailored to the elderly. A 3D camera tracks users’
movements, and there are seven different games to motivate movements (Rademaker et
al., 2009). Another initiative is the Rehabilitation Gaming System (RGS). It has been
developed by a EU-funded project based in Spain, focusing mainly on stroke
rehabilitation and using VR technology to train motor deficit due to brain lesions
(post-stroke) (Cameirão et al., 2010). The Santa Barbara Health Games Research
Center, based in California, is a programme that funds and supports research on digital
games for the purpose of improving health (Anderson-Hanley et al., 2009). The
Games for Health conference, a conference with an open format, will be held for the
seventh time in Boston in 2011. To see the conference site go to gamesforhealth.org.
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Chapter 4

Touch-points between HCI and
HF/Erg
In the early days of HCI, tasks were dealt with from a human-machine or ergonomic
perspective, and professionals from HF/Erg were actively involved. Then came a period
when it seemed less important to focus on physicality. There were other areas, like the
cognitive side of interaction, to address. But now development has given us far more
ways to interact with computer technology than simply hitting the keyboard and
clicking the mouse. We again tend to reflect on and incorporate ideas and perspectives
of body and body movements in the interaction. It might be of value for both HF/Erg
and HCI to collaborate more on future interaction modalities and manners – not that
they should throw out the cognitive perspective, but rather incorporate more parts of
the body. The empirical part of this work, in which an ergonomically skilled, trained
physiotherapist has undertaken a project within the domain of HCI using design
methods such as PD, serves as an example, albeit a humble one, in this direction. A
number of citations from researchers that seem to support these thoughts now follow:
“It can be speculated that the usability movement could have learnt something from the very
practically oriented ergonomics tradition, which was, and still is, in contact with the design
community, but ergonomics and HCI were not academically close, the former often within
mechanical engineering, the latter in computer science or in another information technology
department” (Kuutti, 2009).
“When human factors was first adapted to user interfaces, ergonomics was largely filtered
out – now it will need to be re-integrated” (Hartson, 1998).
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“When compared to other human operated machinery (such as the automobile), today’s
computer systems make extremely poor use of the potential of the human's sensory and motor
systems. The controls on the average user’s shower are probably better human-engineered
than those of the computer on which far more time is spent. There are a number of reasons
for this situation. Most of them are understandable, but none of them should be acceptable”
(Buxton, 1986).
“Designing Interaction not Interfaces” is the title of a paper from 2004 where Michel
Beaudouin-Lafon describes a comparison between the first Mac and an iMac
developed twenty years later. Many parts have seen a tremendous development but the
input device and the GUI are almost the same. He suggests a change in research focus
and a better understanding of the sensory-motor abilities (Beaudouin-Lafon, 2004).
This might open up for a deeper collaboration between the fields of HF/Erg and HCI.
“Movement scientists are developing better understandings of the range and limitations of
human movement. However, until now, that knowledge has not been applied to movement
intended for digital interaction and control” (Englund et al., 2010).
“…theories and explanations of human-computer interactions need to seek a better
understanding of interactions between physical, motor, and cognitive levels and also how the
“virtual real” (i.e., what you see while you interact with the computer) and the “real real”
(i.e., what happens in the other parts of the environment) become intermingled during the
process of use. This is paramount in studying pervasive or mobile applications where
external conditions affect use processes to a larger extent” (Lyytinen, 2010).
Even though, as Bruno Latour writes, design is now mostly written code when it comes
to the IT systems and computer products we use, there are still bodies around to attend
to and design for, and they are not likely to transform into written code.
“Today everyone with an iPhone knows that it would be absurd to distinguish what has
been designed from what has been planned, calculated, arrayed, arranged, packed,
packaged, defined, projected, tinkered, written down in code, disposed of and so on. From
now on, ‘to design’ could mean equally any or all of those verbs.”
“Although the old dichotomy between function and form could be vaguely maintained for a
hammer, a locomotive or a chair, it is ridiculous when applied to a mobile phone. Where
would you draw the line between form and function?”
“The transformation of objects into signs has been greatly accelerated by the spread of
computers. It is obvious that digitalization has done a lot to expand semiotics to the core of
objectivity: when almost every feature of digitalized artefacts is ‘written down’ in codes and
software, it is no wonder that hermeneutics have seeped deeper and deeper into the very
definition of materiality” (Latour 2008).
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An example where professionals from the two domains meet is the company
Kineadesign, whose co-founders come from Movement Science, Mechanical
Engineering and design. One of the co-founders, J. Edward Colgate, also co-directs the
Segal Design Institute together with Donald Norman.
Kineadesign is part of the larger programme the Revolutionizing Prosthetics Program,
run by the Defence Advanced Research Projects Agency (DARPA), which works with
haptic interfaces for prosthetic hand/arm (see Figure 54). For more information about
their work see kineadesign.com.
With this short overview I hope to provide some exciting examples of research on
interaction design issues in collaboration between HF/Erg and HCI. As stated in the
concluding chapter 9, these two domains could benefit from closer collaboration in the
days of interaction for experience.

Figure 54 Haptics in place – real touch in a prostethic finger.
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Chapter 5

Theories and perspectives on
bodily movement
There is a great body of work, and many perspectives on bodily movement in research,
therapies and media. As individuals, we tend perhaps not to bother until our body or a
specific movement hurts – then, we may realise that there is a whole new world out
there, a never-ending variety of more or less promising therapies with movement as
their prescription. Among the less exciting scenarios is the physiotherapist telling you
to perform certain specific movements. Here I describe some of the theories and
considerations that are relevant in the work described in this thesis.
My intention is to include the bodily aspects during design as material and as a
resource worth considering. We take the body for granted and therefore might forget
to include it in design. One way to avoid this may be to approach the body as design
material on equal footing with the other ingredients or resources in the design.
During our time in this world our body and mind go together, although at times we
might experience that only one of them is in focus, or need this to be the case. When
running long distances, one lets the mind fly away in other directions – the body is
performing the same pattern of movements over and over again, and one takes no
notice of that action, and indeed does not need to focus on the movement as such.
One might have heard comments such as “I solved the problem when I was jogging” or
“I found the solution while running”. But in an activity like rock climbing, for
instance, it is best not think of anything else or one risks taking a serious fall; The focus
must be on nothing else but the specific move needed to climb. One might hear
comments like “It’s so nice for my overloaded brain to just focus on climbing”, “I can’t
occupy my thoughts with anything else”, or “My body movement is my only focus”.
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Physical activity
There is a huge body of research establishing the benefits of being physically active,
regardless of age or ability. As individuals, we have all probably experienced the
difficulty of keeping up the motivation to be physically active on a regular basis. What
we associate with being physically active varies over time and age. The development of
society has changed our possibilities to be physically active during our everyday lives.
The World Health Organization (WHO) provides the following definition:
“Physical activity is defined as any bodily movement produced by skeletal muscles that
requires energy expenditure. Physical inactivity (a lack of physical activity) is an
independent risk factor for chronic diseases, and overall is estimated to cause 1.9 million
deaths globally.
Regular physical activity – such as walking, cycling, or dancing – has significant benefits for
health. For instance, it can reduce the risk of cardiovascular disease, diabetes and
osteoporosis, help control weight, and promote psychological well-being. Everyone should
engage in at least 30 minutes of moderate physical activity every day. More activity may be
required for weight control” (WHO, 2010).
Pedersen and Saltin have conducted a literature review on different diagnoses and the
positive effects of physical activity (Pedersen and Saltin, 2006).
The WHO report “Physical activity and health in Europe: evidence for action” states
that physical activity is a fundamental means of improving physical and mental health.
For too many people, however, it has been removed from everyday life, with dramatic
effects on health and well-being. Physical inactivity is estimated to account for nearly
600,000 premature deaths per year in the WHO European Region (Cavill et al.,
2006).

The salutogenic perspective
So we know we should be physically active to stay healthy, but the healthcare field has
been busy focusing on solving pathogenic (disease-oriented) problems. Why, despite
very difficult conditions, do people manage to keep a healthy perspective?
In the 70s Aaron Antonovsky, Professor of Medical Sociology, developed the term
salutogenesis and the sense of coherence (SOC) model.
In the first study that inspired him to found the basis of the salutogenetic theory he
studied women and their aging, and found that a relatively high percentage of the
group who had survived concentration camps had positive mental health. This made
him interested in issues that promote health – a “salutogenetic” perspective – instead of
a pathologic one (concentrating on parameters that make us sick). He also revolted
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against the dichotomised distinction between healthy and sick. His viewpoint was that
it was a sliding scale, a continuum. Further in his research he developed the model
SOC model; the sense of coherence in life has the following three qualities:
Comprehensibility: You find the things happening in your life “understandable”, they
make sense, and you have the feeling that you probably know what will happen in the
future.
Manageability: You feel that you have the tools, skills or resources and the support
necessary to achieve and manage what you are facing in life.
Meaningfulness: You have the feeling and belief that things matter, and that it is
worthwhile to care and to dive into the challenges that life presents. You believe they
can be interesting and provide satisfaction.
Among the three qualities, Antonovsky put most focus on meaningfulness. Finding
that life or things in life are without meaning or not worthwhile to address deprives
you of motivation. A high SOC assessment level is likely to promote a healthy life
(Antonovsky, 1991).
Antonovsky’s notion of salutogenesis has been a well established theory within the field
of healthcare for many years, but in practice it is still worthwhile to focus on this
perspective. In other areas, researchers have incorporated the notion into, for example,
IT products in the home environment (Ilstedt-Hjelm, 2004).

Physical literacy
By practising physical activities, we become what some refer to as physically literate.
This is something that gives us confidence in our own physical ability and allows us to
feel secure in trusting our movement abilities. This is our ability to capitalise on our
embodied dimension.
Professor Margaret Whitehead is a PhD in Social Epidemiology and Health Policy at
the Department of Public Health Sciences at the Karolinska Institute, Stockholm, and
has promoted the concept of physical literacy as a resource for well-being across all ages
in life. The concept is now used and is under constant development in many countries.
One definition derives from the book “Physical Literacy Throughout the Life-course”
(Whitehead, 2010):
“As appropriate to each individual’s endowment, Physical Literacy can be described as
the motivation, confidence, physical competence, knowledge and understanding to
maintain physical activity throughout life.”
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Another description comes from the website of the organisation Physical and Health
Education Canada (PHE-Canada 2010):
“Individuals who are physically literate move with competence in a wide variety of
physical activities that benefit the development of the whole person.”

Basic Body Awareness Therapy
The Basic Body Awareness Therapy (BBAT) was developed by Scandinavian movement
therapists, chiefly Gertrud Roxendahl (1985) in collaboration with the French
psychotherapist and movement teacher Jacques Dropsy. He was influenced by Western
and Eastern traditions and theories of bodily movement (Laban notation, Feldenkrais
movement therapy, the Alexander technique, T’ai Chi and Zen meditation). Dropsy
integrated aspects of modern dance, acting and mime, the fine arts and music into his
movement therapy. BBAT focuses on the balance and movements that include
structural, physiological, psychological and socio-cultural notions. It is a fourdimensional, four-level approach to movements, viewing human existence from a
structural, physiological, psychological and purely human aspect, and observing
movement characteristics such as the path or form of the movement, the flow and
elasticity, or the rhythm, attention, intention, expressiveness, self-aware unified
movements, or the creative, calm, free and steady movements.
Jacques Dropsy has worked with and influenced Swedish physiotherapists since the
early 70s. BBAT is now well established within the paramedical domains of many
countries and is offered as post-graduate courses at some universities. The domain has
developed an assessment, the Basic Body Awareness Scale, whereby the individual’s
flexibility and the integration of the body and its movements are examined. It provides
a notion including more aspects of the movement qualities than the ordinary range of
motion (ROM), which provides only the instrumental capacity of the movement
machinery.
Movement-oriented personal development theories, working through the use of
breathing, motion and relaxation, were centred in Berlin in the early 20th century
before the development of psychoanalysis. Among the pioneers were Elsa Gindler and
Rudolf Laban. Gindler, with a background as a gymnastics teacher, moved towards
promoting small, slow motions in order to detect “learnt” movement restrictions.
Becoming acceptant and recipient, instead of putting pressure on oneself, was a better
way to live “according to our actual human design”. Laban addressed the same issues in
a more power-oriented way, using the notion of “movement thinking”, meaning “a
gathering of impressions of happenings in one’s own mind, for which nomenclature is
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lacking. This thinking does not, as thinking in words does, serve orientation in the
external world, but rather it perfects man’s orientation in his inner world in which
impulses continually search and seek an outlet in doing, acting and dancing” (Laban,
1980 in Mattson, 1998).

Self-efficacy
Despite all these therapies and perspectives, and arguments for the positive effects of
moving, many of us still experience a lack of motivation to perform, for various
reasons. Continuing on the track of physical activity: The design of our everyday lives
does not provide many options to move; It has to be an active choice. Within
physiotherapy there is a growing interest in self-efficacy as the driving force for action.
The notion of self-efficacy concerns the individual’s belief in his or her own ability and
capacity to perform a specific task or behaviour in a specific situation or /under certain
conditions.
The power of the notion is most easily observed in difficult situations full of obstacles,
like pain, fatigue and disability. Albert Bandura, Professor of Psychology, stresses the
following four motivating factors that trigger self-efficacy (Bandura, 1997):
Enactive Mastery Experience, meaning that the person has earlier experience of handling
or managing the situation or task under the specific conditions.
Vicarious Experience, in that the person sees that someone else has managed similar
situations or tasks under similar conditions.
Verbal Persuasion by a trustworthy person stating I’m sure you’ll do just great.
Physiological and Affective States, by which the person experiences the situation as
positive in a physical or physiological way. A negative experience tends to lower selfefficacy.
“Perceived self-efficacy is defined as people’s beliefs about their capabilities to produce
designated levels of performance that exercise influence over events that affect their lives.
Self-efficacy beliefs determine how people feel, think, motivate themselves and behave. Such
beliefs produce these diverse effects through cognitive, motivational, affective and selection
processes” (Bandura, 1994).
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The notion of flow in physical activity
In a study among rock climbers, composers, modern dancers, chess players and
basketball players, Csikszentmihalyi (1975) found that basketball players responded
somewhat differently than the other groups did. They scored “competition and
comparing one’s achievements with those of other basketball players” as most
important. For the others, the highest score was on “enjoyment of the experience and
the use of skills”. This was scored much lower by the basketball players. The possible
explanation for this lies in the game itself, and whether it triggers “flow”,
Csikszentmihalyi suggests.
According to the results from a variety of contexts, flow is considered an enjoyable
experience (Csikszentmihalyi and LeFevre, 1989). Csikszentmihalyi and LeFevre
observed people during work situations, and according to Csikszentmihalyi, “emotions
focus attention by mobilizing the entire organism in an approach or avoidance mode”
(Csikszentmihalyi, 1997).
Having several experiences of flow in an activity linked to positive feelings, a person
probably wants to perform that activity again and again. Flow leads to an experience of
positive feelings, which then triggers the intrinsic motivation (the willingness to
perform an activity for the sake of that activity itself).
“It is not the skills we actually have that determine how we feel, but the ones we think
we have” (Csikszentmihalyi, 1990).

Physical activity in old age
A whole body of literature states the value of being physically active from many
different perspectives, even in old age. Although the evidence reported in research in
not that bulky. Stessman et al (2009) report on a longitudinal Cohort Study were the
results show that physical activity even at very old age has a positive effect on survival
and function.
For the elderly, physical exercise and having confidence in one’s own abilities is key to
supporting self-esteem and mental health (Lindwall and Hassmén, 2006). When
working with people suffering from dementia, one needs to be flexible in ways of
communication, and let one’s body communicate through movement since there is
often a decline in spoken language in the dementia diagnosis, as described in Burke
(2008).
Body movements can support cognitive processes. Therefore, the benefit of
introducing such activities can be seen on several levels (Brown and Cairns, 2004).
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Playing games can also be part of an approach to mediate social and effective
communication and balance, as well as regulate emotions (Lazzaro, 2004).
Activities are a basic need for human beings, and there is growing evidence in the
research literature that leisure activities can have a beneficial effect on dementia (Karp,
A. et al., 2006), in both postponing the debut and mitigating the effects.
Getting older will augment the risk of dementia, as age is the dominant risk factor.
Protective factors are high education and leisure time activities (SBU, 2008).
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Chapter 6

Methodological approaches
In this chapter I describe and motivate the methods applied in the projects, as regards
the empirical work, the different methods for collecting data and the way these have
been evaluated. A short description of the Nintendo Wii system is also included. The
qualitative research approach is motivated by the projects being social and to some
extent organisational interventions in the field of elderly care. The methods were
selected to support the domain and real-life situations. We applied a participatory
design methodology in the first project.

Participatory design
Participatory design (PD) is a diverse domain drawing together professionals,
practitioners and researchers from a broad variety of backgrounds. The value of
participation and the power of design methods are articulated by the actors in the field.
The PD approach, applied during the first project, was heavily focused on
participation as the core concept. Introducing games such as Nintendo Wii in the
context of elderly care would look somewhat odd at this point in time, we assumed. In
my previous experience with research projects within HCI, we built technology
prototypes and installed them in real-life situations. This sometimes led to a great deal
of our time being spent on technology problems and bugs.
This time we used a stable off-the-shelf technology, and the design focus was on how
to design the use and environment to support the activity some modifications to the
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technology were necessary, but without technologically skilled personnel we could not
delve into modifying the system although at times we would have liked to. One of
these situations was when the system urged users to click and press a number of
buttons before showing any action.
It was important to include and invite everyone to take part. PD is an iterative process.
The design, testing and evaluation are done concurrently and iteratively as an
interaction and collaboration between all the persons involved in the project. The idea
of applying a standard off-the-shelf technology for entertainment in a setting where
new technology is rare and entertainment is not in focus seemed to us to dictate an
open-ended method to support this experimental initiative.

The start in Scandinavia
In Scandinavia, research projects focusing on user participation, cooperative and PD
have a long tradition dating back to the 70s, articulated in the seminal Utopia project
from 1981-86 (Bødker et al., 2000).
Focusing on and developing strategies to involve users early in the design phase
and throughout all stages of the design process was the goal. The core idea was that
the workers, the users, had valuable experiences and were well suited to influence
the design and functionality of new systems and tools. New technology, new ideas
around desktop publishing, were invented and tested with graphic workers through
low-tech prototypes, a new method in IT system design at the time (Bødker et al.,
1987).
PD has followed along and adjusted its methods according to trends and technology
development. Pelle Ehn did describe the tool perspective were the technological
solutions were seen as an extension of the known work-tools. It was a design
philosophy to apply when using participatory design methods. The designer should try
to understand the specific labour process of using that work-tool (Ehn, 1992).
In 1991, Greenbaum and Kyng proposed four issues for participatory design:

• The need for designers to take work practice seriously—to see the
current ways that work is done as an evolved solution to a complex
work situation that the designer only partially understands.

• The fact that we are dealing with human actors, rather than cut-anddried human factors—systems need to deal with users’ concerns,
treating them as people, rather than as performers of functions in a
defined work role.
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• The idea that work tasks must be seen within their context and are
therefore situated actions, whose meaning and effectiveness cannot be
evaluated in isolation from the context.

• The recognition that work is fundamentally social, involving
extensive cooperation and communication (Greenbaum and Kyng,
1991).

Techniques and approaches
Within PD there is a broad diversity of techniques to enable participation and reassure
that everyone has a voice and picks up ideas through observations, hands-on
workshops with low-tech material and the acting out of scenarios and body
storming/brainstorming, also using ethno-methodology or “ethnography light”.
PD involves end users at all stages of a project and is widely used within HCI research
projects. It has proved to be a very successful method in research and development
projects and has been used, developed and evaluated over a long period of time
(Bødker et al., 2000). PD has been used in practice in many projects – thousands of
them, judging from the more than 20 projects with connections just to the HCI group
at KTH in Stockholm (Bødker and Sundblad 2008).
PD is more an approach than a detailed, fixed set of methods. It focuses on the process
and is therefore very broad in its diversity. It stands on the belief that users should be
involved in the process of designing products and services to suit them and be of direct
use to them, and has been used in a broad variety of contexts and user groups.
There are diverse toolboxes of methods for data collection and evaluation used within
projects with PD as their overall design. Among these are brainstorming for early
design ideas, design briefs, different types of prototypes in different materials, probes,
scenarios, wizard of oz trials, observations, diaries, and body storming. The main idea
is that end-user participation and the power to affect are central and in focus along the
entire lifespan of the project. PD as an approach has some similarities with, and some
roots in, action research. In order to use PD as a tool in projects placed in real-life
settings with users in their real situations, one needs to keep an open mind and address
situations and people with great respect.
The UTOPIA project from 1981-86 dealt with desktop publishing in newspaper
production. The project was grounded in the democratic ideas of giving the
users/workers power over their work situation. The project was conducted in close
collaboration with the Nordic graphic unions.
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PD has been used in ICT development in museum settings, intergenerational
communication, healthcare, schools, homecare, authorities, banking and media, as well
as in governmental and non-governmental organisations. It has grown within and
outside the research community in a very pragmatic way and is used, evaluated and
further developed with no strict line between theory and practice in many domains,
most often with some kind of technology development at hand and in collaboration
with other disciplines.
Researchers from the University of Aarhus in Denmark and the University of Oslo in
Norway have worked with PD in a project within home healthcare, focusing on a
technological and topic-relevant organisational intervention for people with diabetes
suffering from foot ulcers. They propose that PD as a research approach has the
potential to merge computer technology and health-related interventional research in
an effective way (Clemensen J. et al., 2007).
In the information material around the PDC2008 conference, held every second year
since 1990 (pdc2008.org), one can read how PD has evolved in the past 20 years:
“PD approaches have been used in traditional application domains (such as computer
systems for business, CSCW, healthcare and government) and more recently in areas such as
web-portal design, e-government services, community networks, enterprise resource
planning, social administration and community development, university/community
partnerships, tele-health, communities of practice and political deliberation/mobilization (edemocracy), digital arts and design, scholarship and teaching with mediated technologies (elearning), the experience of a sense of place, PD in developing countries, cultural production
and cultural institutions”.

PD in the elderly care projects
In PD, the evaluation process takes place alongside the ongoing “work”. This project’s
evaluation was performed through participative observations, interviews, and dialogue,
and through listening to conversations (while gaming), in parallel with the project
being up and running and active. In one way, the Ockelbo site could be seen as a oneyear-later evaluation or follow-up as some of the gamers are still there and actively
playing: The Vibacka site has been closed down and its residents moved to
Bysjöstrand, and at all sites they are still playing. It is only my involvement in the
activities that has ended. During the first project at Ockelbo I was there from the
beginning, participating in the start-up. At Tierp and Umeå, the projects had already
begun when I arrived. The approach of participative design applied in the projects can
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also be seen in relation to the therapeutic stance, to be able to put aside one’s own
agenda and focus on, follow and show respect for and aim to support independence for
the individuals you are trying to support.
I decided to follow the everyday design to some extent at the sites, and therefore did
not perform any assessments on things like range of movement or strength (the
facilities did not have these kinds of records on each individual). The project attracted
media attention, which we believe helped to inform the public about the use of Wii for
the elderly. We were asked to support other special housing through gaming, which
was done through workshops, meetings, playtime and phone/email support.

Nintendo Wii Sports, a computer game
Nintendo Wii Sports was launched in Sweden in December 2006 (see Figure 44). The
design of the system is a counter-example of the game systems that focus mostly on the
graphics and whose core interaction is quite static with regard to body motion except
for the rapid finger movements involved. The target group for Wii is the average gamer
at 9-18 years of age, but Nintendo also aims for all, including those over 30 years old,
even non-gamers. Up to four Wii Remotes can be in use at the same time, allowing for
quite a busy arena. The communication between the Wii Remote and the box occurs
through wireless Bluetooth technology, and the distance limit is ten metres. The Wii
Remote and the Nunchuk (the device used in the boxing game among other games)
can both track movements in three dimensions. Included in the Wii Remote are a
loudspeaker, an IR camera and a shaking function. For the tracking, so that you will
know what you are pointing at and where you are pointing, the Wii Remote has a
PixArt optical sensor (Wisniowski, 2006). With the new technology development, the
use of ICT can become more physical and in some ways more easy and accessible for
the elderly (Magnusson et al., 2005).
A presumption many of us might make is that “computer games are developed and
designed for young target groups – old people should sit still and dream about the
olden days”, but there is a growing bulk of reports on the Net in which Nintendo Wii
has played a leading role of change in this respect; Some are cited below:
On the Wii Gaming site on January 21st, 2008, “Angela” reports on the outcome of a
questionnaire she distributed regarding how elderly people playing Nintendo Wii
perceive the game. She writes about an 85-year-old gentleman she refers to as “James”:
“When asked why he likes playing the Wii James had a simple response: “It gets me
moving and keeps my mind active”. He states “I read the papers, go for walks, make
my tea, but the Wii means I can do some things that in reality I’m a little past
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[laughs]...a game of bowling is my favourite and I’m actually fairly good” (Angela,
2008).
In the Chicago Tribune in July 22, 2009 Dave Wischnowsky writes about “Wii
bowling”.
“Wii Bowling has become so well received that more than 20 residents signed up to
participate in a virtual bowling tournament without the need to leave the clubhouse
lounge. Sedgebrook’s entertainment committee said that they even have a fan for
people to dry their hands before they bowl, just like at a real bowling alley”
(Wischnowsky, 2009).
The Internet version of “The British Journal of Healthcare Computing and
Information Management” features an article entitled “Wii keeps elderly active in care
homes”, in which the leader of Neath Port Talbot Council, Derek Vaughan, explains
their motivation for purchasing the Nintendo Wii for their residential care homes:
“The council prides itself on the standard of care provided in our residential care
homes. As well as caring for their physical needs, we encourage residents to join in
activities designed to help them keep mobile, mentally alert, self confident and socially
interactive” (The Birchley Hall Press 2010).
The last example is from the Net version of CNN, in which Anouk Lorie writes an
article on the Nintendo Wii FIT balance board. She reports on a project using the
balance board to improve balance and help avoid falls in seniors (Loire, 2009).

Methods for collecting data
In these projects I applied an explorative and experimental design approach. Data
collection was undertaken through a variety of methods. I have chosen to collect data
through participative observations, interviews in an open dialogue format, field notes,
video-recording, photos, cultural probes (keeping diaries and using disposal cameras)
and technology probing (through exploring possibilities offered by the use of this kind
of technology in this kind of setting). These means of collecting data have been proven
useful in PD projects as PD also addresses the understanding of tacit knowledge and its
importance and central role in understanding action (Ehn and Kyng 1987). Taking
PD out into the domain of elderly care, where the real situations are packed with skills
of tacit knowledge, and therefore hard to describe in words, makes it problematic to
communicate to others who were not there when the action took place. PD provides a
way to reflect upon prototypes being done, “design in doing”, and observation through
participation (Iivari et al., 1998).
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In the second project I continued the participative observations, although not as
intensely as in the first project, as the second project was being conducted at three
different locations and did not have the resources for such intense PD work. Besides
participative observation I used video-recording, photos and interviews for the data
collection. All these methods can be used at the same time, as one is there to give
support by answering questions about the game situation. One gets to know the
gamers and they more naturally share their ideas, needs, successes and failures in using
the system. I did not use field notes in the second project, guided by experience from
the first project, but obtained sufficient data from observations, dialogues and videorecordings. It was very time-consuming to take field notes, and the caregivers expressed
that time was a problem in their work situation. When I was at the sites, I actively
participated in the activities.

Participative observations
One definition of participative observation is offered by Lofland and Lofland:
The process in which an investigator establishes a many sided and relatively long-term
relationship with a human association in its natural setting, for the purpose of developing a
scientific understanding of that association (Lofland and Lofland, 1984).
A definition of observation is offered by Robson:
Observation is, in the social sciences at least, in essence, is an activity where the researcher
watches and/or listens to people and their behaviour, utterances and actions in social settings
and activities (Robson, 2002).
I used participative observations, because this method is helpful in obtaining
information about the setting, both the human and the social environment. Some
players did not have fluent language ability due to their dementia, which made
participative observation even more important. I observed how they positioned
themselves in the room and interacted with fellow gamers, and their expressions of
failure, success, boredom, concentration or competition.
During my observations I looked for changes in body posture, range of motion and
flow in movement. The data collection through participative observations has also been
done by other participant than myself, such as the caregivers.
I also motivate the choice of participative observation by this being a small group that I
got to know quite well since I spent a great deal of time at the sites. This was done
during a relatively specific timeframe. The situation was also somewhat unknown
beforehand, at least in the first project.
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A drawback to using this approach and these methods can be that one becomes too
involved to be able to step back and reflect. One gets so enthusiastic from the smiles,
comments and laughter of the participants that one’s critical eye might lose some of its
sharpness. The video-recordings balance this possible drawback, as this technology is
not smile-sensitive. Our method of observation was sometimes not only through our
eyes and ears but also when we physically touched and initially sometimes supported
the gamers in their movements.
As I was very much involved in and part of the action, I use myself and my own
experiences, feelings and reflections as the instrument. This is different from simply
being a spectator.
The first project involved about 90 hours of active playtime with observations. It
focused on the ability to perform the physical movement needed to be able to play the
various sorts of games, and on the interaction among fellow gamers, caregivers and
relatives. We received a great number of reflections from the caregivers’ observations
through phone calls and emails as well, but chose not to include these in the results.
The second project involved about 70 hours of direct observations.

Video-recording
We used video-recording, motivated by its great help in the analysis of “what is going
on”, since it is difficult for all parties involved to remember all the details. Video also
captures movements, and physical movements were one of the concepts this research
was focused on. Video, as widely used within the domain of motion analysis, is not in
focus here. We have not used any software to perform the analysis or measured the
ROM (Range Of Motion) in figures. The video was of great value as a means to
collaboratively discuss, analyse and evaluate. One aspect we did not consider, but that
our players requested, was to see themselves playing on the video. So we showed them
the video later, using the Wii system function as a normal DVD. We used both a fixed
camera and a more active video-recording with close-ups, details and a moving camera.
We primarily video-recorded the actual play situation in the first project.
In the first project, we made eight one-hour tapes (not every tape is fully used) with a
total of approximately ten hours of game activity and interviews.
In the second project, the aim of the video-recording was two-fold. One aim was to
produce an inspirational and instructional video to be distributed among actors in the
elderly care domain, including play, environment and interviews. The second aim was
to collect data for the physical interaction perspective.
In the second project we produced around four hours of video.
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Interviews
Interviews in an open format were used. This involved only initial questions to allow
the participants to share their story and their experience of the game activity. Often,
the dialogue with the players took place during playtime. The other stakeholders – the
caregivers, managers and relatives – gave their approval orally, not in writing. They
have spontaneously contributed to the report through comments and reflections. We
received information about obstacles, such as the system being too “slow” with too
much clicking before any action takes place. This was stressful, as the gamers were
sometimes ready to give up before it had even begun.
The first project contained five video-recorded interviews: one each with a staff
manager, a site manager, a social manager, an enrolled nurse and a gamer. The other
players were observed and communicated with while playing.
In both projects, those involved were very keen on sharing their experiences. Since the
Wii system had already been in use for a while in the second project, these comments
are more detailed and specific. There are more reflections on the design of the games
when it comes to sound and graphics. The interviewees came up with design ideas
around other possibilities for rehabilitation or social perspectives for future game
developments.
In the second project we conducted four video-recorded interviews: one each with a
rehabilitation assistant, a site manager, a physiotherapist and a gamer.

Cultural probe
Cultural probe is a concept originally developed by Bill Gaver at the Royal College of
Art in London. It was a means to collect data for use in a non-intrusive way (Gaver et
al. 2004). We used a modified version of the cultural probe concept, making a package
containing disposal cameras, pencils and a notebook with a note saying “Just use it –
document the play or ideas that come up before, during or after the play”. It was kept
present and available during most of the project.
Our motivation for deploying a “cultural-probish” package was that it is a more diverse
and non-intrusive way to let participants contribute information on any matters they
feel are connected to the activity, and there is no one around to receive this
information. We encouraged our players and their caregivers to use this material to
document, tell stories or offer reflections or comments of any sort while playing at
times other than during project time.
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Technology probe
A Technology probe is a usable prototype of an application constructed for
understanding users’ needs through their extensive use of it. The concept and idea
emanates from the EU InterLiving project on the design of tools for communication
within families between generations (Lindquist et al. 2007). The use of the Wii in this
setting was similar to how technology probes were used in the InterLiving project, in
which I also participated.

Field notes
Field notes are useful because they give the researcher a track to follow concerning when
to perform the analysis and describe how the project has been conducted. They
function as a reminder when it comes to analysing the outcome of the project. We
often took time after each play session to discuss and make notes of what had just
happened or things we wanted to check or change.
Two of us, the coordinators of the “Wii at Vibacka” project, took the field notes. One
of us was commuting by train (Stockholm-Ockelbo) and had time during the travel to
reflect and take notes on the project, but we did not manage to keep up our good
intentions of writing something down after each game time.

Workshops
Workshops provide a focused arena for collaborative work, co-designing and problem
solving.
We held a workshop during the first project at Vibacka in Ockelbo. It was presented
together with an occupational therapist, the enrolled nurse, the researcher and the
project manager. We took the prototypes to the players and got feedback, went into a
new iteration of the design, tested and modified. We worked with different materials,
including cardboard, plastic and gaffer tape. After a number of iterations we managed
to find a solution that worked for this setting and that the players accepted. A cover to
was added the console, a lid over the A button. This button was problematic because
the gamers pushed it when bowling, which stopped the game and in the beginning
cause the users lose motivation or express that they could not handle the console, and
therefore did not want to play or try.
We held a redesign workshop at Danielsgården in Tierp during the second project.
Some of the gamers had experienced the same problem with the A button as the
gamers in the first project at Vibacka in Ockelbo.
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We also performed a redesign of the physical movements while playing the games and
how to instruct.

Other factors
Having coffee, chatting, making phone calls, writing emails, moving around in the
house and meeting people are also occasions that influence the outcome or the
reported outcome of a qualitative study.
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Chapter 7

Project activities with and for
elderly
The empirical material in this thesis derives from two projects. The first was “Wii på
Vibacka” (Wii at Vibacka) at a special housing facility in Ockelbo. The second was
“Satsa Friskt på Spel” (Aiming for Health) at three different elderly care centres in
Tierp, Umeå and Ockelbo. Video-material from the projects is attached to this thesis.
To have a video-camera at the scene of play has been less an obstacle than taking still
photos, I therefore advice you to start looking at the video to get an “image” of the
projects. We start by giving a short introduction of how the sites were selected and
how the different elderly care centres describe themselves. Then, with this context in
mind, the play begins.
Many of the disabilities the older population faces and experiences do not primarily
relate to the fact that they are getting old but rather to their passive lifestyle, lack of
stimulation and changed role and function in society. Physical exercise and having
confidence in one’s own abilities is the key to the self-esteem and mental health of the
elderly. Activities that entertain and engage as well as create excitement and learning
are not common in special housing for people with dementia. The everyday life
provides few occasions offering stimuli other than the basic activities of daily life, and
the elderly living there tend to become increasingly passive.
The first project in Ockelbo was a start-up. We had to figure out what to buy and how
to install the Nintendo Wii system, even though we got help from someone with
experience with the system. As far as we knew, the Wii system had not previously been
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used in Sweden in this kind of setting. The Wii project was part of a larger project
attempting to address activities for the elderly within the municipality that had applied
for and received resources from the government from the so-called “Stimulansmedel”
(“Stimulation grant”). The larger activity project had appointed an enrolled nurse as
project leader, and I was invited to join the Wii part of the project supported by my
own funding.
The enrolled nurse and I worked together with ten individuals suffering from dementia
and living on a locked ward. From these individuals and their relatives, I obtained
written consent to participate in the study. Many others played, however, as 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.
During this first project I spent a great deal of time on the scene, involved in
everything from setting up the system and hosting introduction meetings for different
levels of staff, relatives and of course the gamers, to being available for media and
presenting the project to other interested organisations. We received a great deal of
attention in different media – which we were not prepared for but tried to manage
along the way since we felt we had a responsibility to share the joy of movement that
had motivated the gamers. We documented through field notes, probes, video, photos
and interviews.
In the second project, in Umeå, Tierp and Ockelbo, as it was run at three different
locations, I did not have the possibility to physically spend as much time at each site as
in the first project.
Based on the first project’s attracting so much attention from the media, I had been
contacted by a physiotherapist working at Marielund in Umeå and an occupational
therapist (who I knew from another project) working at Danielsgården in Tierp. They
had both already begun using the Wii system in their work, but wanted support and to
share their experiences. Thus, they were good candidates for the second project.
The sites were selected on the basis of trust; I contacted or was contacted by caregivers
from the sites that were ultimately selected. They wanted advice, and I asked if they
would be interested in participating in the project. After consulting with their
organisation and their gamers, they got back to me with a positive response. The
number of people who contacted me was overwhelming, and as I understand it was
due to the media coverage of the first project. I felt unable to meet everyone’s needs,
requests and questions, and spent a great deal of time presenting, answering email and
talking on the phone.
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For the second project, many other sites were approached. Many decided not to
participate the project because we said in the proposal that one of the aims was to
produce an inspirational and instructional video for distribution in the elderly care
domain, which they were not comfortable with.
We documented the second project through observations, video, photos and
interviews. The gamers, caregivers and management gave their oral approval to be
documented and to have that material shared with a wider audience.

To collect data we have used:
Observations – participative observations from all sites
Video-recording – from all sites
Interviews – Eight interviews in total, from all sites
Design workshops – in Ockelbo and Tierp
Field notes – in Ockelbo
Cultural Probe – in Ockelbo

Wii at Vibacka - the first project
December 2007 through May 2008.
The purpose of the study was to investigate whether computer games such as Nintendo
Wii Sports (see Figure 44) would support elderly people, suffering from dementia and
living in special housing, in enjoying moving physically and having fun. We also aimed
to identify conditions for success and analyse the outcome. The project was highly
appreciated and the methodological approach PD is described as being part of the
reason for the positive outcome.

Vibacka special housing
For those individuals who can no longer be provided with support for living at home,
there is the option of moving to a special housing facility. The local authorities handle
access to this opportunity through an investigation performed by a handling officer. If
granted access to special housing, an individual can have a private room, a shared room
or a flat with cooking facilities. The special housing facility provides a bed, but any
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other furniture needs to be brought along by the individual. The handling officer, a
nurse and other nursing care staff, together with the person and/or his or her family,
set up a care-planning document, which is changed as necessary to reflect the current
need for assistance. Vibacka was the largest special housing facility in the municipality
of Ockelbo, able to host sixty people in residence. Ten of these places were within a
department specialised in dementia.
Vibacka offered 24-hour assistance and supervision by registered nurses and enrolled
nurses as well as other assistance.

Gamers
We were looking for individuals willing to participate. This was done in dialogue with
the caregivers and the presumptive gamers and their relatives. They were given the
opportunity to try the games before agreeing to enter the project, and signed a written
agreement that they consented to the data collected in the project being made public
and published. We selected ten individuals who were willing to participate in the
project.
Eight of the participants were women and two men, and their age span was 80-91
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. Of
the ten participants, six were living on a ward with a focus on dementia. Many other
gamers participated after a time, but we focused primarily on the development of the
ten originally selected gamers.
In this first project we set the target group to include the gamers, their relatives and
friends, the caregivers and the staff, such as janitors, administrators and managers. This
intention was kept throughout the project with the chosen method of participatory
design. Apart from the core gamers, the others were approached and consented to
participate and to the material being published and made public.

Playtime
The start-up of the study on playing Wii was undertaken in December 2007. By
February, the game was up and running on a regular basis. The study of the actual
game situations was most active during a period of four months, from February
through May 2008.
Mondays and Fridays between 1 and 4 p.m. were scheduled for the study.
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Game setting
After discussions with caregivers and leaders about where to set up the system, it was
placed outside the dementia ward, in an area where others could pass by and join in.
Here, they held activities such as Friday café, bingo, sitting gymnastics and singing.
The area was open and easy to refurnish according to the number of attendees. We
used a projector with a screen as the projection surface. The motivation was the idea of
“the bigger the better” immersion, for both the gamers and the spectators. The system
includes a projector, screen, loudspeakers, the Nintendo Wii box, consoles and the
game DVDs. The projector was attached to the ceiling and the screen was fixed to a
wall. The Wii box and consoles (three to start with) were put in a small cupboard,
which was locked but easily accessed. A janitor helped us set up the system.
After getting to know the system, we held a workshop together with the caregivers and
produced a manual for starting up and closing down the system (see Figure 55). We
agreed on text and pictures to make it obvious what steps to take to handle the system;
and since none of us had prior knowledge or skill in computer games, we ourselves
needed to figure out how to manage it. Therefore, the manual might not be of much
use for those who are technically skilled, but it did the trick for us.

Figure 55 Set up Manual

109

Approach
One of the initial research ideas was to perform a “classical intervention study”, i.e. to
record the physical movement status at the start, during and at the end of the study,
compare the results with those in the record, and add the results to the record
following the assessment already at hand. But during one of the design meetings, we
realised that the special housing facility did not have case records on the inhabitants
that contained physical parameters and assessments. The idea was therefore dropped,
and we concentrated on staying close to the PD approach and relying on the project to
evolve through playing, observing and proceeding with a focus on participation.
We involved the caregivers, the gamers and their relatives in the project and focused on
physical abilities and well-being. Social activity intervention and its impact on
experienced well-being were also in focus.
What the relatives and friends expressed was based on their perspective of knowing the
gamers over time, and what the gamers themselves expressed is based on their
perspective as the experts. This illustrates a larger trend in which the role of
“practitioner” as an active subject in research has gained growing importance over the
past 60 years. Getting everyone involved is at the core of change intervention in order
to make the activity “theirs” and make them want to continue playing after the project
ends.
We used the participatory design approach, more in how we introduced the game and
the activity itself than on the actual design of the game system. We used off-the-shelf
technology, already developed. We held workshops to redesign the console, however,
and redesigned the way we played.
During the observations we have looked for changes in body posture, range of motion
and flow in movement. We have different background knowledge, as experts in
physical ergonomics, design and healthcare.
Several initial meetings were organised in order to make people aware of the idea with
computer games. The starting point for the study, the meetings, planning discussions,
playing, testing, finding different ways to use the game, changing to
matches/competitions, arranging “who wants to play with whom” – everything was
guided by the wishes, ideas and needs of the participants. We arranged meetings with
the caregivers to let them have a try and familiarise themselves with how to handle the
game. We arranged a meeting with the users and their relatives in order to get them
interested in participating and decide whether they wanted to be part of the study or
just play. Those who wanted to be part of the study had to sign a document in order to
consent to our documenting the study with photos and video, as well as to being
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interviewed and quoted. For some of the users, the relatives signed the document in
consensus with them. Design meetings with a mix of stakeholders including staff,
relatives, managers and players continued during the project.
There were nine arranged meetings.

Ready - set - game at Vibacka
Now the game is up and running. The technology works and we know how to handle
the system, as do many of the other categories among the personnel. We are finding
new ways to interact with the system, allowing those who do not have the physical
ability to make the “proper” movements to have about an equal chance as those who
can perform a full swing.
Being very focused on following and noting the status of the gamers, we realise to our
surprise that they want to compete. We had initiated them, saying that this was no
competition but rather a chance to have some fun, do something together and try a
new thing. Supported by the same information from the caregivers, who had received
the same impression and statements from the gamers as we had, the game is changed to
game and match. Although the system itself documents results, we put up a board with
match results and personal records as well as photos (see Figure 56).

Figure 56 Score-list

111

The gamers become increasingly secure with the situation, and although many of those
suffering from dementia have memory difficulties and tell us “I’ve never done this
before” it is obvious from how they handle the console and system that somewhere
they do remember the movements. They start to support and nag each other, both
verbally and with movements, pushing gently on their competitors and cheering or
teasing. The monotonous and repetitive dialogue like “Should I press here on the
backside” or “Is it my turn now” can be quite stressful on the caregivers and the project
leaders, but this is part of the professional skill required when working with people
suffering from dementia. One has to have the patience to endure “Yet another bowling
game”…
Albeit reluctantly in the beginning, many of the caregivers share their experience from
playing with the gamers as something much more positive than they could ever have
imagined. During the design meetings it becomes obvious that the activity needs to 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 manage to
bring and bridge this information to the managers, who are very positive to the activity
and give the “go-ahead” to put it on the agenda. Stories start to spread about “who
managed to score” and “who played with whom”.
One story is about a relative who got a phone call from one of the gamers, excitedly
saying “I won, I won!”, but not being able to explain what. So, the relative called the
special housing facility to find out.
Caregivers and other staff categories also use the Wii system among themselves.
Another story is about a caregiver who forgot she had finished for the day, as she was
“immersed in the match”.
We, and the caregivers, find new words to instruct and support the gamers in their
interaction with the system. Judging only from the words it would probably be
difficult to understand that we are instructing in golf, bowling, boxing or fishing. The
gamers learn new expressions, although sometimes they gladly mix them up, e.g.
announcing “I got a stroke”. We are surprised at the level of detail they notice on the
screen. They comment on the birdsong, the green grass and the trees on the “golf
course.
Initially we are worried about how we will manage to explain the functionality of the
system or respond to the gamers’ technical questions about the system. We are equally
surprised and relieved that they seem not to bother with or question the fact that they
can “bowl” in a corner of Vibacka. As time goes by, we see more and more initiatives
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from the caregivers and the gamers to “go for a match”. I consider this to be partly due
to the PD approach.
For some of the gamers, the handling of the console is problematic due to dry hands.
The console slips, turns and twists in their hands. Due to muscle weakness, deficits in
coordination of small movements and motor deficits, some of the elderly gamers press
too many buttons at the same time, which interrupts the system and stops the game.
We therefore arrange a design workshop to try to find a solution to these problems,
focusing on the design of the console. Together with an occupational therapist working
in Ockelbo, we get access to material to try some prototyping ideas generated from
observing the gamers while they play. We find a solution that works well enough for
the time being, fashioning a lid over one of the most problematic buttons. The lid is
open at the top for us, the caregivers or any of the relatives to reach the button in order
to restart the situation on the screen (see Figure 57).
Another activity associated with the system is the possibility to “design a game avatar”,
a Mii (see Figure 58 and Figure 59). This then becomes one’s virtual self when playing.
This activity becomes very much appreciated in itself, as the different choices make the
Mii look more or less “funny”. There is a great deal of laughter and supportive
comments when the Miis are being produced. Some make them look-alike, whilst
others take the chance to stand out in hairstyle, size or clothing. Selecting one’s Mii
during the different game occasions provides the system with information to add up
one’s results and announce a personal record.

Figure 57 redesign of consol

Figure 58 Producing a Mii

Figure 59 Mii’s hanging around
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After playing for some time, we find that around an hour of active play is sufficient,
even if the gamers sometimes play for up to two hours. As they (and we) get more used
to the situation, they become more secure in their movements and in how they
position themselves in front of the screen (see Figure 60, 61, 62, 63 and 64. Some of
them want to stand and let go of their walking frame while swinging in golf or
bowling. They put more and more force behind their throw, and someone notices
from the colour in their faces and the sound of the breathing that they have had a
“workout”. Some even say they get sore muscles.
In our first project at Vibacka, we receive attention from the media, something we did
anticipate or foresee. We are not prepared to handle the situation. TV, radio, journals,
magazines, newspapers and TT (the Swedish newspapers’ information channel)
approach Vibacka. Granted acceptance by the management and the gamers, this is very
much appreciated and stimulating for the special housing facility. It is not common to
find positive news on elderly care in the media. In retrospect, one can argue that this
might have biased the result of the research.
As the Wii makes its way into the routine of Vibacka, many other departments buy
and install the system. They choose somewhat different approaches and keep the
system at the department. This study contains no data from these situations.
We try to find other games than those involving competitive sports. We try ice skating,
snowboarding and fishing. The gamers in the first project seem quite happy with the
sports games, and it is more the caregivers and we ourselves who get somewhat fed up
with the sound of the system during bowling and golf, and want to try something else.
As we realise that these new games are not popular among the gamers we return to
golf, boxing and bowling.
During the second project and with the return to Ockelbo and the inhabitants’ new
elderly home, we are happy to discover that they are still playing. Many more
departments have bought their own system, and new games and a new version of the
console have been bought.
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Figure 60 Learning

Figure 61 Scoring in Bowling

Figure 63 Competition: care-giver vs gamer
Figure 62 Happy failure
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Satsa Friskt på Spel - the second project
February 2009 until January 2010
After the “Wii at Vibacka” project we received funding from Hjälpmedelsinstitutet
(the Swedish Institute of Assistive Technology, SIAT) to support elderly care interested
in or already using Nintendo Wii. We were asked, among other things, to produce
material to inspire others to start playing. The second project included three different
elderly care facilities, two managed by the municipality and the third in private
management. We identified several more places in Sweden that had taken on
Nintendo Wii as one of their activities. Initially we had contact through phone and
email, but many of those we spoke with were not comfortable with our intention of
video-recording the activities. Therefore, we focused on the settings that approved of
our bringing the camera. In the second project we did not take part in the decision of
what method to apply, since the game was already being used. We instead focused on
supporting the sites in the problems they had experienced, whether it involved assisting
with the technology or instructing the elderly in how to handle the system.
The three sites that participated in the study were Marielund in Umeå, Danielsgården
in Tierp and Bysjöstrand in Ockelbo.

Marielund in Umeå
The company Förenade Care, commissioned by the municipality of Umeå, runs the
service and care special house Marielund. It has room for 64 individuals divided over
four floors. Marielund is an elderly care unit with around-the-clock support, and each
individual has an appointed contact person. A written plan and agreement between the
individual, their relatives and the personnel, the caregivers, is established. This plan is
regularly updated in relation to the status of the individual in cooperation with the
nurse responsible for the care situation. Activities close to daily life, entertainment and
things to do are offered and adjusted based on each individual’s capacity.

Wii at Marielund
At Marielund, Wii had been initiated by a physiotherapist who, while working in
Australia, had seen elderly people playing. During the project there was a change of
physiotherapist, and the second physiotherapist had no previous experience using the
game within elderly care. It had not been deployed as a general activity or introduced
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to all caregivers. At the stage of our project, it was handled by the second
physiotherapist, when he had the opportunity to assist in setting up the system. It had
not been used on a regular basis but rather as a social activity.

Play time
Although the Wii is not used on a regular basis, the individuals seem to play a couple
of times each week. They do not follow a schedule and the focus is on the social aspect
of the game. The site is a locked ward for people suffering from dementia. We have no
knowledge of whether the game is used in other departments.

Gamers
Five individuals, four women and one man, are often willing to play. They are aged
from the late 70s to the mid-90s, and all live on a ward specialised in dementia. They
are affected by dementia in different ways. Physically, though, they all walk without
even a walking frame as support. Dementia affects the ability to learn and remember
and to initiate and fulfil activities.
It is the physiotherapist who initiates the activity, entering the department with the
Wii box under his arm.

Game setting
The gamers use a flat-screen TV monitor in the living room, where there are sofas,
tables and chairs. The design of the room and the way they usually use it, usually for
watching TV, has more of a leisurely and relaxing spirit. It is inviting to sit down and
become a spectator. The room needs some arrangement to be optimal for playing
Nintendo Wii, so some tables are moved to the side and some chairs that allow more
activity than armchairs do are added.
The system is set up each time the gamers play. Since the first project at Vibacka, the
development of the Wii system has brought to the market the Wii Motion+, an add-on
to the console. This provides more detailed tracking possibility. It has also become
possible to bowl, for example, without having to manipulate the gear on the backside
of the console. This makes it much easier to manage. Also, more games are on the
market, designed to function with the modified console. With Nintendo Wii Sports
Resort one can, for instance, play table-tennis, go wakeboarding, cycle in different
terrains and go kayaking.
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Danielsgården in Tierp
Danielsgården has a facility for the short-term support of elderly patients. Other than
this, it is an elderly centre with rehabilitation as its focus. The caregivers choose to call
it “everyday rehabilitation”, supporting keeping elderly people’s functional status intact
to enable them to stay longer in ordinary housing. This is the major focus in Swedish
elderly care – to provide support to allow people to live at home, and try to support the
individual in maintaining, recovering or improving his or her physical ability. A
contact person is appointed, and together with the individual a plan is designed for the
level of support that will be needed. The activities offered at Danielsgården are
gymnastics, Qigong, and everyday activity training such as cooking and cleaning.
Sometimes the activities are conducted outside in the fresh air. Danielsgården also has
the possibility to relieve the pressure on a patient’s family, normally supporting the
individual in need by providing a place to stay for a short period of time.
In the autumn of 2009, Senior Rehab was initiated at Danielsgården, with a direction
and focus on physical ability.

Wii at Danielsgården
Here the Wii system is used as training equipment. It is profiled as rehabilitation,
competition and sport. Two rehabilitation assistants, an occupational therapist and a
physiotherapist, run the rehab. One of the rehabilitation assistants is very motivated to
use the Wii system and has been the one who has engaged herself in solving technical
and practical problems with the system.

Playtime
The elderly outpatients are able to play twice a week, with a focus on training and
rehabilitation. There are two groups, each group play during one half a day and one
almost full-day every week

Gamers
There are 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 are in their mid-80s,
with some in wheelchairs, some walking with the support of a walking frame and
others walking without support. Some have physical impairments due to stroke; For
example, for some gamers the right side of their body has limited functionality.
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Game setting
The game system is placed in the same room as all the other training gear, such as
bobath balls, benches, etc., and is run through a projector onto a screen that is put up
at each occasion. Initially, the gamers play without the sound system but we later
install loudspeakers to provide audio support to the game situation. They start using
the first version game without the Wii Motion+, but some time into the project we
provide the add-ons and some new games.
They like the kayak, bowling and golf, but we also try a hunting game including a rifle
attached to the console. The animals one can choose to chase are seen at a distance,
and it is experienced as too difficult to get closer to them.

Bysjöstrand in Ockelbo
Vibacka is now closed and some of the gamers from the first project have moved to
Bysjöstrand, which is a modern, newly constructed elderly home. In July 2009, the
first apartments are taken into occupation. It has 81 apartments of different sizes, and
20 of these are specifically designed for people suffering from dementia. Each person
lives in an apartment of his or her own, of various sizes. The target group for
Bysjöstrand is people who can no longer have their need for support satisfied in their
ordinary home. The special housing facility can satisfy the needs of the elderly for care,
supervision, safety and security. Inquiry and the decision about the need to be granted
access to a place at the special housing facility are managed by a handling officer at the
local authority.
Bysjöstrand has a garden designed for the senses, “Sinnenas trädgård”. They also offer a
gym and a mini-spa with a hot tub, and a care centre with a nurse.
The need to be granted access to a special housing facility can be due to physical,
psychological or social problems or shortcomings.

Wii at Bysjöstrand
At the time of the second project, the interior at Bysjöstrand is not yet completely
finished and the Wii has been placed in a conference facility. It will later be
permanently installed in a room together with other opportunities to play and practise
physical activities.
The Wii game is used as a social activity and is open and accessible to everyone.
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The interest in the Wii has grown from the first project, and many more departments
have gotten their own system. This makes the accessibility more direct, but it might
also take away from the game being a bridge between departments.
At Vibacka, the older special housing facility, the game time was scheduled, allowing
the personnel working with the daily activities to include time for the game in their
routine. Now, since many things are not in order due to the recent move to the new
facility, the elderly do not get to play as often as they would like. The caregivers tell us
that they ask about the game and when there will be more opportunities to play.

Playtime
Activities with the game, as well as other activities, are planned to be more
permanently scheduled. They have quite a few game systems, and personnel from
different categories can handle them.

Gamers
The system supports up to four players, but the waiting time can be experienced as too
long by the gamers. Some use wheelchairs, and others use a walking frame to support
their ability to walk. Still others manage to walk without support. Some have a degree
of physical weakness due to stroke.

Game setting
There is a special room for physical training, where the Wii game system will be
placed. At the time of the project it is installed in a large meeting room, placed on a
cupboard on wheels, and has to be set up at every occasion. This is mentioned as a
hazard compared to the old installation at Vibacka, where the system was set up and
ready, making it easy to start playing.

The three sites – up and running
In the second project the three sites were already starting up with introducing Wii as
an activity. They had applied somewhat different focuses, some focusing on
rehabilitation and others on the social aspects of the game. At one of the sites Wii had
been introduced using a PD approach, including as many people in the organisation as
possible in order to make the game every-one’s concern and engagement. At other
places the game was in the hands of the rehabilitation personnel. We did not intervene
with the applied methods in the second project. Instead, we focused on supporting the
game situation as such by introducing new games, supporting a redesign of the setting
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when it comes to furniture and size of interaction surface, and sharing the lessons we
had learned from the first project in how to instruct the gamers in their movements
and interaction with the system. Our aim was also to collect more data.
In the second project, there was less time spent on initiating and setting up the game
from our side. We got to follow and support three different locations where the people
were already more or less familiar with the system. More than a year after the first
project Nintendo had developed a new device, the Motion +. The new console was
about six centimetres longer, heavier and had improved motion-tracking ability. The
new game collection, Sport Resort, had been redesigned and additional new sport
games had been included. For example, one could now bowl using less handling steps
on the console. The new version of sports games provided a broader variety of games
and movements.
At Senior Rehab in Tierp they were very active in using the Wii system, although they
had experienced a great deal of technical problems that we managed to solve together.
The graphics card broke down, the projector did not work and in the beginning they
had no loudspeakers. The issues of the gamers in Tierp were not mainly dementia.
Some suffered from post-stroke disabilities causing weakness and loss of movement in
parts of their body. Through the Wii system they had a new opportunity to practise
their balance, motor skills and concentration, while being occupied with scoring in
bowling or winning the race in kayaking (see Figure 64, 65 and 66). This is a major
difference to a standard situation in which one might make more specific movements
but with a focus actually on the movement, which can sometimes be less than
motivating. One of the rehabilitation assistants was very engaged in using the system.
She shared with us that she had observed many situations of fun and laughter during
the Wii training sessions, and that it seemed like it was easier for the gamers to perform
a great number of repetitions of a movement while immersed in a game or sport
situation than during the coaching from the caregivers to motivate them to practise a
movement for its own sake. It was also reported that more smiles and laughter were
noticed while the gamers were playing.
In Umeå the situation was more focused on using the system as entertainment and not
primarily to practise certain movements. Here, the gamers played when the
physiotherapist had the time. It was not a scheduled activity or something that was
open to the other categories of caregivers. The physiotherapist would bring the game
system in a box and set it up, using the TV. The elderly mostly used the new system
including the Motion+. They seemed to enjoy the table-tennis, although sometimes
they needed some initial support to get the interaction right. Wakeboarding and biking
were also popular (see Figure 67). Other games like archery were available, but
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included too many steps for these gamers to master. Together we rearranged the room
in order to make more space for the gamers’ movements. The ordinary setup was a TV,
a sofa, some armchairs and a low table. To make it more active, but still comfortable
for those who wanted to watch, we moved the table and armchairs to the side. Not
everyone was eager to play. There was a group of five or six gamers who liked the
games, and about the same number of spectators. They started commenting on the
game, as some of the situations reminded them of things they had done in their earlier
days. In wakeboarding, they performed a great range of movement, crossing the
vertical midline and sometimes over shoulder level. They sometimes made sounds to
underline the wakeboard hitting the surface after a jump, or supported themselves by
cheering. The spectators were not always as supportive.
In Ockelbo the elderly had not been fully installed in the new building, and the Wii
system had not yet found its way into the training room but was located in a
conference room on a cupboard on wheel. This allowed for about the same situation as
in Umeå, with the system having to be set up each time someone wanted to play. The
structure from the project at Vibacka had been kept, whereby the caregivers could put
gaming on their agenda. Playtime was scheduled, but could also take place at the
initiative of the gamers. Some of the gamers were now “professionals” as they had been
playing since the start of the first project (see Figure 68). Others were beginners. This
gave the expert gamers the role not only of a gamer but also somewhat of an instructor.
They still seemed to use mostly the first version of the system. Although the system was
not “hot news”, they still seemed to enjoy playing. It seemed that the game had found
its way into the list of available activities. Among the caregivers, there were now more
new faces to us who seemed very familiar with using the system. The facility had many
other games and consoles, among them the Wii FIT, but these had not been used.
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Figure 64 A helping hand

Figure 65 Handling the consol.

Figure 67 Out on the water

Figure 66 Full force forward

Figure 68 Expert player Elsa with daughter
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Chapter 8

Analysing the data
This part of the thesis describes how I conducted the analysis of the collected data.
Comments from the gathered material, video analysis, interviews, field notes and
observations have been translated from Swedish into English. I have gone through the
material, observing actions, movements, comments, gestures and environment.
The data consist of video-recordings of the gamers playing the game, interviews about
the successes and failures of the game system within the elderly care domain,
participative observations including information about methods applied in the
different settings/sites, citations and gestures, as well as stories about how frail and
dependent we become when suffering from dementia, being physically impaired due to
stroke or simply having difficulties with sight, hearing and fine motor skills due to
growing old.
The collected material reflects statements from gamers, different categories of
caregivers, and managers as well as “stories”. These reflect real situations, in contrast to
lab situations that can be more controlled by separated parameters in that one can
design them from the start and include only the parameters of interest. In real life there
is an ongoing influence from a multitude of parameters in interaction.
I performed the translation from Swedish spoken language into English written text.
Even though I obtained consent from the participants to use the material we have
decided to change their names in the thesis. Nevertheless, I am aware that people who
are familiar with these individuals might identify them by their statements.
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Some sounds or emotional expressions may have been lost along the way from the
actual event to the translated text. The material has not been changed in any other
way. In a design way, or a “schönish” way (“the reflective practitioner”, Schön, 1983),
we have tried to let the material speak back to us.
One way to work with material in the science of care and healthcare is through
qualitative analysis of the content. This work does not aim at this specific domain, but
rather has a design-oriented perspective. The interest is in investigating and looking
deeper into the way we make way for movements, and use movements, in a humancomputer interaction situation. We have chosen field study or case study to obtain data
on use in real situations.
When analysing the video I looked at movement development during playtime, ROM
(Range Of Motion), force (underlined by respiration, colour, etc.) and interaction,
comments among the gamers and spectators as well as between the gamers and the
screen.
To provide a more vivid version of material of the “real situation” I have attached
video-material to the thesis one part from the first project in Ockelbo, one part from
the second project in Ockelbo, Tierp and Umeå and one discussion with three enrolled
nurses back in Ockelbo during the second project.

Categories
Interviews, speech during play, meetings, chats, etc., are regarded as the descriptive
level of the data, collected through various methods. When the collected material was
analysed, four categories evolved. It is somewhat arbitrary to sort the material into
categories as the words, movements, social chat, glimpses and heavy breathing from the
physical movement performed in order to score to win, master and amuse often
occurred simultaneously. Nevertheless, I froze the situations and the events got sliced
up into four layers. The resulting layers, or categories, are:

Managing the console
These are comments and observations around the physical and ergonomic perspectives
of handling the design of the console, for instance the gamers’ questions and comments
about where to press and when, or how it was smoothly redesigned to ease but not take
away the challenge.
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Managing the system
These are comments and observations around the coordination between the action and
what was happening on the screen, such as the structure and information given in the
different games, setting up and operating the system, and the motivation and
immersion in the game.
Physical movements
This category includes comments and observations around the physical movements
and how we and the caregivers instructed the gamers to perform the movements.
Fatigue, range of motion, coordination, balance, joy of movement, modification and
redesign of movements are mentioned.
Chatting and social expressions
Here, the comments and observations are about success and failure during play,
cheering, teasing, competition – the social interaction between gamers, their caregivers
and others participating in the game.

Managing the console
“It really depends how you hold that thing.”
Elsa, gamer (see the attached video “Satsa Friskt på Spel”)

“On the downside, the first version of sports games required too many fine-motor skills
involving the thumb and index finger. The later versions of the sports games are much easier
to handle since in some of the games you only need to hold the console.
Mikael, physiotherapist (see the attached video “Satsa Friskt på Spel”)

“The console needs some development.
Three enrolled nurses (seen on the attached video “Vårdpersonal”)

“The handling of the console seems to be tricky – to press and let go at the right moment and
not press any other button.
(observations)
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When bowling, some of the gamers would press the A button at the same time as they
tried to manage to “press on the backside”. This may be a learning issue, a problem
with how we instructed them, or a motor deficit.
The fine motor skills needed to play seemed tricky for some of the gamers. There were
also some co-movements due to the learning situation. They showed frustration, and
some lost interest or commented on their own performance as something they could
not manage.
For some of the gamers the verbal comments may be due to the dementia, as the
symptoms of this diagnosis sometimes include repetitive speech and actions.
Observations of the way the gamers handled the console revealed a paradox in how
they talked about it and how they physically controlled the console. Another example
is when they said they had never tried the game before and that they did not know
how it worked or what to do. But from what we could observe, they seemed to know
or remember more than they verbally expressed. They demonstrated a skilled physical
handling of the console.
All participants commented on the contrast, the surface of the material and general
design issues concerning the console, and had ideas about how it could be improved.
Even though the new version with the Motion+ extension had managed to overcome
some obstacles, there were still some shortcomings.
We tried, through the two design workshops, to find a solution for the “pressing too
many buttons” problem. Together with occupational therapists and an enrolled nurse,
and based on the comments we had gotten from the gamers, we held two design
workshops involving several iterations and tried the design solutions together with the
gamers during actual game situations. We tried different material, from paper and
plastic to a material developed for producing orthosis (an orthopaedic appliance) that
could be easily formed through heating. The working prototype was a kind of lid, open
in the upper part for the “coach” to restart the system but closed at the lower part and
hiding the A button from the gamers, who could rest their thumb on the lid. When
analysing the way the gamers held the console, we found that they naturally placed
their thumb where the A button was placed, which interfered with the action in the
game. The re-design was done in both Ockelbo and Tierp. In Umeå the gamers mostly
used the new version of the console, and in some games did not need to handle the A
button.
The B button was out of sight when the A button was visible, which led to the gamers’
needing to feel around or turn the console in order to understand where to press.
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In the first project we used an early version of the console, which came without a
rubber cover. This version slid around in the hands of some of the gamers. Older
people tend to have dry hands, and the material of the console together with the dry
hands made the console slide around in the palm of the gamers’ hands. When someone
is approaching his or her 80s, fingers can be twisted, strength weakened, and fine,
exact, balanced movements difficult to perform. Many activities that are often taken
for granted might, when one gets old, present obstacles.
In the Managing the console category, some of the theories and perspectives described in
Chapter 5 apply. Being challenged by a tool that is enough, but not too much, of an
obstacle to master is one of the keys to motivation. The gamers seemed to find the
challenge of mastering the console meaningful; it was worthwhile to care about and dive
into. The third part of the salutogenetic perspective seems to be present there. The
positive effect of the experience was that the gamers learned something new and
managed to handle a device that was not primarily designed for the “old and crippled”.
Their physical ability was sufficient for mastering the console well enough. This relates
to the theory of physical literacy. The approach in these projects has been guided by
notions of participation and design, through inviting the gamers to be active and using
design methods to guide the way. This applies to the design of the environment, the
activity and the game system.

Managing the system
He jumped over again – he’s jumping over now too – this was miserably bad
Where should I head for now then?
Can you see that little map? – It gives you an image of where you are at the moment
Where’d he go?
Now I’ll have to do a long distance
We’ve gathered under the tree in the shadow…
There’s a hole over there as well
No, that’s you Elsa
Have I turned red?
(Extract of conversation during golf between three gamers and the project leader)

They’re jumping right up - why?
They’re happy, that’s why
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(One of the gamers wondering about the audience on the screen during a bowling game)

The boxing they didn’t like. Then they wanted to go home
(Enrolled nurse from interview seen on the attached video “Wii på Vibacka”)
Some gamers had difficulty figuring out where they were on the screen in different
games. The directions, and where to aim in games like golf, seemed tricky at times.
They sometimes seemed to experience the graphics as messy, and confused things. For
example, in golf there is a small, round icon that represents a gamer’s own Mii; the
gamers sometimes confused this with the golf hole.
In taking turns, the gamers could lose track of their own whereabouts. Then again, the
caregivers shared a story about some of the gamers managing perfectly playing all by
themselves and enjoying it.
As a caregiver, or any other category of personnel, it takes a certain amount of
flexibility and creativity to instruct and explain in simple words what to do, and what
actions to perform.
The elderly seemed to be motivated by the system structure of something being at
stake, that you may lose or may win, that you need to learn to master through
exploring the system. Their days were filled with the same activities and variation was
scarce, or declined due to their losing certain abilities. From monotony to autonomy,
from being cared for to being in charge – in the theory section this is described as a
parameter of well-being, experiencing certain levels of being in charge, experiencing the
sensation of mastering something new. The feeling of having the skill to control the
situation and finding it worthwhile to learn to master it is part of the salutogenic
perspective. The four motivating factors in the design for self-efficacy seem to be
provided by the game system. The Enactive Mastery Experience is reflected in the
gamers, after a number of game sessions, having the experience that even though some
of them tend to forget due to the dementia, their body seems to remember. The
Vicarious Experience was provided by their fellow gamers, or competitors, and the
Verbal Persuasion by project leaders, fellow gamers, the audience, caregivers and other
staff telling them they were doing great. The Physiological and Affective States seemed to
be there as well, in their comments about mastering, winning, scoring, and “sweeping
the floor”. Theories of motivation apply; Triggered by the environment in the game
system the gamers were motivated to take on the journey – to explore.
Learning, Mastering, Challenging – there a fine balance between something that is
unknown and something that needs to be figured out –to be mastered, handled. An
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obstacle can be challenging in a positive way, although it might create doubts as to
one’s own capacity when mastered.

I’ve forgotten how to do this. (Gamer)
I’ve never done this but I don’t remember. (Gamer)
Most of them haven’t even played these games in reality for real. (Enrolled nurse)
When changing games they need some support from the personnel. (Project leader
observation)

Some caregivers and gamers expressed that it took a lot of handling issues before there
was any action in the game. They seemed to consider these issues an obstacle because
they were eager to start playing. Caregivers need to have the motivation to learn in
order to instruct or introduce the elderly to the gaming situation. It is worth
considering the advantages and disadvantages of setting up the system at every occasion
or having it already set up in a fixed place. If this technology endure and become even
more widespread and used, it might become as “natural” as the standard technology of
TV/radio. Care and support – being a coach as well as a caregiver – could be a new role
within the organisation. As long-term and short-term memory may be affected by old
age, it can be demanding for caregivers to understand when to listen to the gamers’
spoken words and when to observe their actions. In this activity we observed a learning
curve that may be somewhat longer, but the gamers learned more than they expressed
in words, judging from their physical movements.

You’ve played more often than me.
Look how good she is.
Last time I played I got three strikes in a row.
They light up when they have flow in the game.
(Gamers’ comments and project leader’s observation)

“The thing I like the most is to see how they wake up by learning something new. In their
case it’s otherwise more a case of preserving skills like getting dressed and managing the
situation with eating” (Enrolled nurse during interview seen on the attached video
“Vårdpersonal)
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“This is not something only designed for old people – everyone plays it – it’s a common
thing” (Human Resources Manager during interview seen on the attached video “Wii på
Vibacka)
To have the motivation to “wake up” one’s attention and alertness, to feel that
something is at stake, that something awakens one’s interest – a gamer needs to
physically and cognitively master the situation. Through a salutogenesis perspective we
focused on the healthy parameters through activities that made use of the gamers’
bodily, mental and social skills, and they found this meaningful. Their resources were
appropriate for the task – they had the tools. The possibilities or opportunities to learn
new things are not common within elderly care. There seems to be a way to enhance
well-being and rehabilitation if this is included as a parameter and a perspective in the
choice of activities. This is an example of applying the salutogenic perspective on a
domain with a focus on care.

The three components of the sense of coherence (SOC) model were present as follows:
Comprehensibility: Not feeling excluded from society – having the feeling of still
belonging to the active world – participating in activities that other people, all people,
anyone, is doing.
Manageability: Not getting the impression that everything has to be adjusted. Still
being able to master, score and succeed in things that others have equal experience of.
Meaningfulness: Feeling a sense of belonging and that it is worthwhile to engage in the
activity.
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Physical movements
Initially the personnel guide the movement (From the field notes)

Instructing by physically putting your own hands and arms on those of the gamers, to
provide a feeling and experience of the motion, seems to be a possible approach when
verbal instructions are too complicated for gamers suffering from dementia.

My arm gets tired after playing for some time.
It’s a good feeling to feel that you’ve used your body/done something physical. There’s also
some physical training in that (Gamer during interview)
Some really stretch out and say that they got a pain in their arm from playing
Leaning forward – using muscle power – underlined by sounds of effort as the respiration
becomes more intense (Field notes)
It’s good to work with the body – I’ve played once or twice (Gamer during interview)

The gamers reported it to be a good feeling to have used their physical abilities. Even
though some reported that their arm hurt or became tired, they still commented on it
as something they enjoyed experiencing. They had the notion that they had used their
bodies, and seemed to feel it was fine to just sit and relax after that “work”. The game
provided an opportunity to experience the difference between physical activity/load
and rest, and allowed them to experience that that level of physical ability was still
functioning – that they had what it takes to play. They were in control, they had the
tool and the self-efficacy was paying off. This relates to the theories on the positive
effect of physical activity in a context that catches a person’s interest.

Is it better to stand? Yes. This is good for me (Conversation during play)

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
You can see and tell when they’re sitting there that they’re excited: Is it my turn now? The
game invites them to move. They automatically get the physical movement (Enrolled nurse
during interview (see the attached video “Wii på Vibacka)
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The motivation to physically perform was there. The game managed to motivate them
to move, rise and get excited about the activity. Not to perform a movement for the
sake of the movement itself, but to score, to win, to master, to have fun. Due to the
level of physical work involved in some of the games, the gamers were able to train
their balance, some circulation and some ventilation. Their muscles and discs got some
stress during the action; this is a positive outcome of physical activity from a
physiological perspective. All this happened while they were concentrating on the
game, and not primarily training and testing the functionality of their bodies.
Sometimes they had difficulties to balance the force and range of motion that were
needed for the specific tasks.

Now I’ll put all the force I have on this.
Don’t use so much force now – he jumped over
(Comments from gamers during play)

The golf gamers had difficulties in balancing their force and movements while on the
green and getting ready to score. Due to deficits in coordination and fine motor skills,
there was sometimes a bit of back-and-forth jumping before they managed to get the
ball into the hole. There were few occasions during their daily life that allowed them to
use their physical abilities in activities in which something was at stake. Possible
physical training activities could be walking between bars, doing movements with balls
or rubber bands, or weight-lifting in order to maintain or preserve physical abilities.

Paddling through a rotation movement – turning the whole upper body.
They can also do just a tiny movement but managed to play anyhow.
They became more and more secure with every time they played. They let go of the parallel
bars and removed the side support of the wheelchair – found their balance.
(From observations)

The movement has gotten much smoother.
Not so much fiddling and fewer questions – more game.
There are bigger movements and more power behind the strike.
(From observations)
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The gamers experienced that they were mastering something, when the situation is
often the other way around – they usually experience that they are losing functions and
skills. Their self-efficacy was boosted. They received extrinsic motivation to adjust and
modify their movement scheme, something that is not obvious in traditional physical
training. They did something that urged them to concentrate on what was happening
on the screen, outside their own body, but were motivated to use their body
movements. They were eager and motivated to score, to win. When instructing the
movements in the different games we developed a different repertoire than one usually
deploys. We refer to this as design of activity. In these games, the gamers were able to
use their different levels of physical abilities so that they could compete on an equal
footing, despite different “handicaps”. The Wii games managed to some extent to
bridge this gap, to create the feeling of “being in control” and “handling the situation”,
when the elderly often have to cope with losing physical abilities. They had the
opportunity to perform a broad variety of movements in the different games. This can
be placed as a backdrop to their not having many opportunities to use their maximum
physical force. They seemed to like using their “max” even though they knew this was
perhaps not what the game required. They learned the movements that were needed
for the specific games, although these could be different for different individuals. They
seemed to experience flow. Even tough I did not perform a BBAS assessment on our
gamers, some of the movement characteristics were observed during play: the balance,
the rhythm, the expressiveness and the elasticity of the movements.
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Chatting and social expressions
We’re jumping about like billy goats.
We need to get a manual and learn some terminology.
We’d better watch Tiger Woods.
Yeah, but that Annica is not bad either
(Elsa and Aina, playing golf)
A conversation platform was created through the games, giving the gamers something
in common that they were motivated to explore and learn, something they found
interesting enough to learn more about.

Well, you’ve done really great Aina.
Why did they not fall down?
Yes, they’re fretfully stubborn.
(Elsa and Aina, bowling)

Getting positive feedback supports self-efficacy and well-being.
Designing or creating an arena for collaboration or social community among the
elderly on a ward for dementia patients can be difficult. The game situation seems to
provide a certain level of positive tension that interests and motivates patients to
discover and socialise with their teammates or competitors.
My thumb is too big. (Comment during game)
Sometimes the gamers said “I can’t do this, I’ve never done this”. After some
instructions or some time playing the game, however, these comments diminished and
the social chat and aspects came more into focus.
After moving down here – one hasn’t been busy with so much to do. (Comments during
interview)
There were many comments on the tricky balance of finding activities that motivated
the elderly to participate:
It’s more fun if there are some more exciting things.
It keeps the brain alert to compete – it gets too boring otherwise. (Comments during
interview)
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At many elderly care centres the activities might be tranquil. These games managed to
provide excitement, and seem to have aroused the elderly gamers’ motivation to
engage.

He wanted to sit around and watch but didn’t want to play, but really was eager to watch.
(Comment from enrolled nurse, see the attached video “Vårdpersonal)
Something was happening here and now, and the outcome was not clear. A factor was
not given. This was in stark contrast to the usual routine at these elderly care centres,
where the days can be filled with the same routine yesterday, today and tomorrow, not
giving much variation.
Look how I’m driving - laughter
Now you’re out on the water.
(Comments during wakeboarding)

Having the feeling and the experience of being out on the water or behind the steering
wheel creates a sense of variation or, one might say, an “augmented reality” at its best,
which is not easy to provide within the daily routine or budget.
Moa - are you eager about the ranking? (Comments during bowling)

The gamers teased each other and commented on the instinct to win. Experiencing the
feeling of being “better than someone else” seemed to add to the motivation to
perform, while still in the secure setting of a game rather than a fight for life and death
– more like how kids play. This provided an arena for fun and good feelings.

You feel like you’re somewhat better than someone else - I felt I was competent in a way.
(Comment during interview, see the attached video “Satsa Friskt på Spel)
Just like a kid again playing marbles.
It’s been good to see them, watch them – you could tell they had fun.
They become more alert after playing and seem to carry a good feeling for quite some time
after.
I didn’t expect it to be such a success.
For the users with dementia who often get stressed and worried during other activities we see
that they can concentrate for a longer period of time than they usually can.
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(Comments from caregivers)

The gamers enjoyed competing, and the game managed to attract their interest and
attention. It created new opportunities for chatting – the gamers discussed their status
in the game. Who was about to win and who was about to lose were given equal
attention. The game situation created an arena for engagement, even from spectators
following the match, cheering or teasing the gamers. The motivation was visible in
their eyes lighting up and the posture of their bodies, showing signs of their being “on
their toes”. All categories of participants commented that they had observed and heard
that the gamers enjoyed and had fun while playing or watching. They were motivated
to perform – something was at stake and they only had a limited amount of time to
perform. If they did not manage to “get it right”, they risked losing the competition.
The gamers got feedback through cheers from the audience, who smiled, raised their
hands and commented on their achievements. This boosted their self-efficacy. The
notion of fun is not easy to define, as it may vary from individual to individual and
from time to time. In these situations during the game, the word fun was often in the
air together with smiles and laughter. Our analysis is no more in-depth or critical than
that we take them at their word and report on the action game within elderly care as
something that can bring fun to the individual and the organisation, as well as any
other positive effect that having fun might bring to a human being.
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Chapter 9

Discussion, conclusions and future
research
Discussion
The aim of this monograph was to discuss perspectives on body movements,
technology and design while incorporating knowledge about our physical movement
capacity into the design of computer technology for well-being and for a resourceful
way to address body sustainability and physical literacy.
The motivation for including a retrospect on computer development, HCI, Interaction
Design and HF/Erg is to search for or visualise traces of body movements.
Initially in HCI, the body was “out of sight”, when the metaphor and the interaction
situation was “the desktop”. Now, we seem to have gone full design-circle. When
designing technology to relieve ourselves from strenuous, monotonous and physically
demanding tasks in or outside work situations, we need to put some force back into
our movements, or at least move in various ways. I believe there is work to be done and
arguments for further exploring the field of physical movements in our everyday lives,
which are now stuffed with computer interaction throughout our lifespan.
Through the analysis of the collected data I found that the four categories of managing
the console and the system, physical movements and chatting/social expression all
relate to the design of a situation challenging enough but not too difficult to manage.
This motivated the gamers to move with the purpose of profiting from the positive
effects that physical activity brings.
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What is the meaning of being able to extend one’s arm to full length if the
opportunities to use this motion in any motivating activity are few? People do not
come in bits and pieces, and one needs to consider and cope with the whole person
from an “all-inclusive” perspective. In theories, we see some support for the findings
here in notions such as self-efficacy, the salutogenetic perspective with sense of
coherence, and the experience of flow.
Action gaming is one approach that seems to offer motivation to be physically active,
and in today’s setting of elderly care it seems to have the potential to make a huge
difference. The organisation, resources and environment are not designed to host or
manage the variety of activities that comes with an action game system like the
Nintendo Wii. I have no objection to other action game systems; it is merely the case
that my experience derives from the Nintendo Wii since it was, at the time of the first
project, a stable, reasonably inexpensive, off-the-shelf technology. One could argue that
any attention to or attempt to bring new activities into these domains has the potential
to have equal results. I am aware of this, but would argue that the activities that have
the possibility to cope even with the different disabilities of the gamers in a given
situation, for example being outside performing water sports such as wakeboarding, are
not very likely to be achieved. The feeling of flow, the joy of motion, the happy feeling
of running in the system, might not be equally high or completely as natural as when
one gets wet from real water or smells the salty sea, but these feelings do bring many of
the flavours of that activity right into a person’s everyday life at the special housing or
rehabilitation facility.
Through PD methods and a rehabilitation perspective, the Nintendo Wii system came
into play for and with the elderly in these projects. Leaving a space for design opens up
for new possibilities. In the projects, this was shown in how the interaction movements
were designed and instructed and in how the words and concepts were developed to
underline the physical instructions.
The experiences were reflected upon against the background of theories on bodily
movement and physical activity. Physical activity has positive effects on circulation,
balance, functionality and motor skills. One way to motivate physical activity has been
shown in these projects to be through game, competition and fun, providing an arena
for physical activity, enhanced due to a motivation to score, win, perform, have fun,
place a stake. The goal was to balance the design and leave something to be solved as
an obstacle.
Through applying design methods and participation, we can bridge the gap or shorten
the knowledge distance between the HCI and HF/Erg domains. These projects are an
example. From an IT-design perspective, it can have an impact on our physical well140

being by offering some knowledge on the physical side of the human in the HCI
situation. Therapists and HF/Erg experts may benefit from having knowledge in IT
design and understanding its possibilities for well-being.
I was not prepared for the situation of many gamers wanting to compete, but through
applying a participative and design approach to the projects I picked up on their
comments quite rapidly and provided rating lists with results. Although the system
generated similar information, it was of value to the gamers to see the scoreboard when
walking by. One could argue that there are drawbacks to applying an off-the-shelf
technology, as it does not easily open up to adjustments to the system, or to the
software or hardware design level. My argument for applying a reasonably stable
technology was my previous experience from projects in which we co-designed
prototypes together with different groups of end-users. To some extent there were
problems in those projects, with the technology not performing as designed and a great
deal of time and resources having to be spent on “technology problem solving”. As
regards the user group of frail elderly, and the choice of being in their everyday reality,
I believe it would have been quite impossible to undertake projects to co-design the
technology within the given time and resource frames. This said, I nevertheless wish it
would had been possible to attract a skilled programmer or interface designer to do
away with some of the clicking and other disturbing issues. Yet, there were strengths in
the fact that this system was not designed especially for people suffering from different
disabilities but was rather a mainstream product that worked well even for those in
their older days of life.
As the PD approach in the Wii at Vibacka project managed to bridge the gap between
“old traditions” within elderly care, it may provide an equal possibility to act as a
bridge between HF/Erg and HCI.
One possible criticism of this work is that it is not obvious to which domain it belongs.
Rather, the idea was to achieve synergy by combining several perspectives. From a
healthcare perspective one might lack results in the form of changes measured in terms
of circulation, energy consumption, heart rate, range of motion and balance, to give
some examples. My choice not to include bio-parameters was motivated by the fact
that we already know from research that physical activity has a positive impact on our
biological systems. I aimed instead to determine how to design and find activities that
motivate subjects to move in a more indirect way. From the perspective of HCI, it
might look overly simple to only slightly develop or redesign the technology itself, and
from a design perspective it might be seen as too shallow to design or adjust the activity
as such. The answer to this would be that, with a movement perspective in focus, the
mix has proven to be quite a powerful tool for motivating activities in a user group
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often regarded as being in need of assisted technology. The aim has been to provide an
example of what interactive technology can offer in this domain when it comes to the
notion of physical activity over a lifespan.

Conclusions
In Section 1.2 the research theme is stated as “to observe, analyse and understand the
way bodily movements can be involved in and enhance interaction with computers in
social situations”.
The main conclusion of our work is that by using a PD approach and a focused
evaluation process, we were able to tailor the Wii system, the environment and the
actual activity to trigger movements through fun for our end-users. Mixing fun with
movements is a practical and impressive work tool for motivating movement. It is a
strong medicament for addressing physical inactivity and the negative effects that
resulting from it, for an individual no matter his or her age.
Using action games like the Nintendo Wii within elderly care is an example of
addressing and focusing on the power of fun, flow and challenge. It is an example in
which the healthy parts – the salutogenic parts – are invited to play, an example of how
to bridge the gap between different physical abilities, to even the match. Wii supports,
or evens up, many of the physical weaknesses in fine motor skills that would have made
it impossible to exhilarate on the golf course or in the bowling alley, not to mention
the water activities. Something is at stake – act now or you will fail – not only testing
functionality, you use your physical ability not only to survive or keep yourself alive,
but to score, win and tease each other about your failures and successes. This managed
to provide an equal arena and fair competition. May the best man win!
This work is intended to function as an example of projects within HCI that addresses
and makes use of a broad variety of possible movements in interaction, whereby the
interaction itself is not the main focus of attention – but rather to have fun, to master,
to score and to explore.
It is intended to function as an example of HF/Erg, with the design for well-being
addressed through fun, motivating factors promoting self-efficacy – resulting in
movement practise and balance training.
It is intended to function as an example of Participatory Design, with the design used
on the activity itself with the ingredients of gamers, game system, control and
environment.
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I have tried to visualise a perspective on body movement and its importance from early
childhood to old age, and I argue that design that supports opportunities to be physical
in everyday life over one’s entire lifecycle is a resourceful perspective.
Here I list the specific issues raised in Section 1.2, with brief comments.
On the general question of whether HCI and HF/Erg could benefit from closer
collaboration, my answer would be that the description of the history as well as the
current situation provided in this thesis points in that direction. A closer collaboration
among these knowledge traditions could be positive in addressing the lack of a healthy
level of physical activity and variation in our everyday lives.
The answer to the question of what will happen if elderly living at a special house for
dementia or outpatient elderly coming for rehabilitation are given access to physical
action gaming would be that they did surprise us all, and that the outcome was well
over our expectations.
•

Will our selected gamers be able to manage to handle the components?
Yes, but with some adjustments to the console, system and environment.

•

Will we as project leaders and caregivers be able to instruct the gamers?
Yes, by focusing on their possibilities and not the perfect golf swing.

•

Will playing the games affect their body movements?
They really did push their limits in balance and force, and due to this also
their circulation.

•

Will these games motivate them to play?
Yes, not only to play but also to score, win and master.

•

Will they be able to interact and play with other gamers?
Something we knew from the caregivers on the dementia ward that one of the
difficulties they encounter is supporting social interaction. We have recorded
many comments between gamers that support the findings that the activity
managed to trigger social interaction.

•

Will they be motivated and able to participate and contribute to the design of
equipment and use situations?
Yes, they participated in our cooperation in redesigning sitting and standing
positions in order to score. They participated in developing a language for the
activities. They were also motivated to participate in design solutions to make
the console more user-friendly.
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Conclusions for design as brief points:
To include our physical abilities as material for design
To do so early in the design process and not at the end
To support physical activities over the entire lifespan
To invite the domain of HCI to take part in addressing the growing problem of
physical inactivity
To invite the domain of HF/Erg to learn from HCI in methods and approaches
To invite the elderly care domain to be more brave to try new IT applications
To apply knowledge at the right moment and provide a setting that allows space for
movement
To design for flexibility - it is all about encouraging end-user involvement early on and
all the time; lifetime movement
To argue for movement from many perspectives: social, cognitive, physical, life, wellbeing.

Future research and development
Physical sustainability and well-being through design needs to be further addressed, to
generate knowledge within the domain of HCI design.
During these two recent years since our first project, there has been a rapid growth in
number of sites applying physical action-gaming systems with various approaches
within the domain of elderly care. Although it is now quite common, I still receive a
great deal of phone calls and emails from the elderly care domain asking for advice.
Further research with a salutogenetic focus, even in the elderly care domain, should be
highly encouraged.
I see a need to further investigate the notion of prevention through design, or design
prevention, in the HCI and ID domains. In-depth and important research is needed to
address our lack of physical ability by applying knowledge of physical movement early
in the design and not as something at the far end or when the problems are already
established. Through an early incorporation of the values and possibilities of our
capacity to move into the design, we might avoid future problems like myalgia (muscle
pain), tendinitis (tendon inflammation) and other problems due to a lack of variation
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in movement. If the ergonomic knowledge comes in too late in the development loop,
there is little option to change the system in this respect. I would argue that it could be
as expensive to change a human being’s physical condition as it is to neglect the early
involvement of users’ expertise and usability perspectives in the development of systems
in general. Methods need to be developed to open up for a variety of body movements
– a design for movement sustainability.
Further research and development in the area of fun as a tool within elderly care
through the use of action gaming should be encouraged.
Together with game developers, games can be designed or redesigned to fit a specific
purpose and a broader target group. Many of the technology-oriented development
projects and systems for the elderly focus on monitoring and assisting in assessments,
such as smart/intelligent homes, fall prevention, safety alarms, etc. We might benefit
from including knowledge about the joy and benefit of movement from domains such
as pedagogy and learning, where the motivation to include movement is in focus.
After all, are the elderly so different as human beings? They are just a little further
along on the road of life.
As stated in Chapter Four, interaction design in general would benefit from joint
research between the domains HCI and HF/Erg for getting knowledge on important
issues raised by the modern technical possibilities.
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Appendix Comments from the
projects participants
Managing the console
Press on the backside of the console – down – and let go
Can you feel that there is a bar on the backside – you pick up the ball by pressing and
let go when you want to throw.
Should I press on the backside? – Only on the backside?
Yes, and then let go when you’re in front…
Should	
  I	
  press	
  here	
  on	
  the	
  backside?	
  
Huh, should I press on this one?
Exactly, then you get it started again
Is	
  it	
  my	
  turn,	
  should	
  I	
  press	
  the	
  thing	
  on	
  the	
  backside?	
  
Yes
Should I press this one and then backwards?
Should I press on the backside?
Yes
Should I press on the backside? – LAUGHTER but urk
Should	
  I	
  press	
  on	
  the	
  backside?	
  
Yes
Basically, actually it’s not difficult
You let go of the pressure with your index finger when you want to throw the ball
Let go of the index finger when you want the ball to start rolling
It’s small, too narrow between the buttons
The contrast isn’t so clear and the structure of the design isn’t obvious
Don’t press just hold
The console needs some development
The handling of the console seem to be tricky – to press and let go at the right
moment and not press any other button
It really depends how you hold that thing
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Where should I press now
Wait don’t press….
No, I just hold my finger here – you see
It’s that one now…..meaning the button
Put some more force behind your throw – press your thumb – great
Should I press on the backside?
Strike just a little - why can it not fall into the whole the darn bugger
You should just strike or pull very light-handed
Give it just a little lash
Oh, a little lash
That one doesn’t want anything – ok, yes you said so (little lash)
How far is it? – Should I press this one down?
Where should I press?
Should I press it down – how far is the distance?

Managing the system
Where did it go, into the sand hole? – I don’t know where it went
Where should I head for? – The same place or?
Is it my turn now?
Yes
Should	
  I	
  do	
  one	
  more	
  time?	
  -‐	
  Oh	
  no	
  
Did he jump over it – It doesn’t help - it’ll be a long run
He jumped over again – he’s jumping over now also – this was miserably bad
Where should I head for now then?
Can you see that little map? – It gives you an image of where you are at the moment
Where did he go?
Now I’ll have to do a long distance
We’ve gathered under the tree in the shadow
They’re jumping right up - why?
They’re happy, that’s why
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Most of them haven’t even played these games in reality for real
When changing games they need some support from the personnel
I’ve forgotten how to do this
Light up when they have flow in the game
I’ve never done this but I don’t remember
You are that figure
That boat will soon start its journey and it’s you who’s laying in the water behind
Sometimes the games are too fast
Too much pressing buttons before you get into the game
Think we were the first in Sweden
They did enjoy it – to make it work they put it on the agenda of things to do to let it
have a place in the everyday routine
that bowling game we would like to play more often but the nursing staff does not
have the time
you have played more often than me
look how good she is
last time I played I got three strikes in a row
It was a little bit nervous since you were not used to this game but you learn if you do
it a couple of times
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
managing the situation with eating
The boxing they didn’t like. Then they wanted to go home
They have difficulties learning new skills but to some extent they can learn something
new
It’s great to see how they get excited about learning and trying something new. For
them it’s all about trying to preserve skills like getting dressed, eating and using the
bathroom
we who are working with this must get into a new mindset
it’s hard to find the time to play
in a bad mood because some have gotten to play more often
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We’ve decided for the new house to have a better approach towards our users with
dementia that they also should be included in the rehabilitation approach.
These activities are great – only it’s so much bother and difficulty to get started with
the threads and stuff
Before when we had the game in the old building everything was already set and ready
to play.
It was at hand and everything was set and ready
Yes, bowling is a lot of fun
There are a lot of hazards with cables – some specialist is needed
Ok now I know what it’s about – put them up again and I’ll show you
Waiting for the game to get started…
I thought I recognised myself on the screen
Let me see where now is the pothole?
Operating the system takes time
Now you’re on green – yeah, it’s only tears (grina, meaning snivel in Swedish)
Now the distance for you is not so far – no, I don’t have such a long way left
Where the hell did he go….
Should I lift it up – you should aim for the flag
Is it not Nils now keeping on – let him go on - no
Roll back a little now
It’s a putt now
Now it’s your turn
Where should he go?
Now I didn’t get anywhere
Is it my turn now – no, it’s A-K
Now I’m heading for that hole – aha oh well the flag
Should I aim for the flag?
Now I know nothing – how far is the distance still? – should I press this one?
Yes
There is a hole over there as well
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No, that’s you Elsa
Have I turned red?
How far is the distance to the hole
It’s very close just blow
Whose turn is it?
Martin – now it’s a long distance so you better stand up
Did it go into the lake?
No, you managed to pull through
Is it my turn now? - (mouth open, striking several strikes)
Elsa – concentrating – no, it’s far away, they’re far ahead of me
Where is it – what I was about to aim for?
Lack of knowledge and experience among us as personnel but we did practice in order
to be able to show our elderly
We can’t do this, we can’t manage, we do not dare
Some of them had some reflections and some questions about the technology – how it
could work
This isn’t something only designed for old people – everyone plays it – it’s a common
thing

Physical movements
Both are playing with their right hand
They remove the right side of the wheelchair’s armrest to get more space for their
movements
Leaning forward – using muscle power – underlined by sounds of effort
(the respiration becomes more intense)
It’s good to work with the body - I’ve played once or twice
It’s not too strenuous for the body
Maybe one should have more power in the arm?
My arm gets tired after playing for some time
It’s a good feeling to feel that you’ve used your body/done something physical
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There’s also some physical training in that
Is it better to stand?
Yes
This is good for me
No he went the wrong way LAUGHTER
Now I got going to stand up - now I got some speed
Arm backwards and let go
Hold or take your arm backwards
The personnel follow the movements/guide the movement with their own bodies
The handling of the console seems to be tricky – to press and let go at the right
moment and not press any other button
Paddling rotation movements – turning the whole upper body
Lean forward
It’s like gymnastics for them
Some really stretch out and say that they got a pain in their arm from playing
Some do rise up
They can also do just a tiny movement but managed to play anyhow
They really do put some force behind the arm movements
A little too hard but ok
Be very light on the hand now
A-K very quick and with force behind the throw
Oh, too much power LAUGHTER
Last time they stood up when they were supposed to manipulate the console – that
gives them some opportunity to put some load on their legs to practise and everything
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
You can see and tell when they’re sitting there that they’re excited: is it my turn now?
The game invites them to move. They automatically get the physical movement
Left side shaking – and some co-movements are seen
When they do the swing with their arm they really put force behind the movement and
during the movement many of them keep the respiration.
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The sound or the audio in the system supports the movements – in table-tennis that’s
quite obvious
Initially the personnel guide the movement
The games that they manage the best are the ones that do not demand too much
Big potential
Keep up, maintain the motor skills to feed into ADL
Quality of life – joy of movement everyone playing has fun, lots of laughter, even the
ones watching have fun
Anna-Karin is standing up from a sitting position
What about trying to stand up
Do you want to sit down or stand up
Press and hit downwards or upwards
That did it - you probably got a better swing in the bat
Don’t use so much force now – he jumped over (difficulty balancing the force and
movements while on the green and about to score).
Lean forward just a little – don’t use so much force
Now you should have to stand up because you’re in for a long distance shot
Standing up
No, now I’ll sit down
Now I’ll put all the force I have on this
Push with force now
Oh no it jumped over I did put too much force behind
I pushed it too hard it jumped over
nah, now that was too hard
There’s one hole left – do you have the energy to take it?
Strike hard - did that one go too far?
(puts a great deal of force/power behind the strike, face grimacing, full swing of the
arm)
(Anna-Karin is fast and handles the strike by herself)
Now I should pull a little lighter
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The movement has gotten much smoother
Not so much fiddling and fewer questions, more game
Bigger movements and more power behind the strike
They became more and more secure with every time they played. They let go of the
parallel bars and removed the side support of the wheelchair – found their balance

Chatting or social expressions
Oh, no
Now I’m going to “clean house”
A big hole between us
Oh, a strike
Oh, she did that really great
Still one standing
Well, you’ve done really great Alva
Why did they not fall down?
Yes, they are fretfully stubborn
My thumb’s too big
They’re really stubborn
They	
  knock	
  each	
  other	
  over	
  
She’s outstanding
Alva, you haven’t been practising so much, right?
No,	
  never	
  
Now, I also managed to get a strike SMILE
One more strike – Eva what a schooling
Yep SMILE
Now you’ll get one more strike – no, one still standing
It’s like chewing gum beneath
One more strike – wow wow wow wow
Alva did beat the record
We’re jumping about like billy goats
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We need to get a manual and learn some terminology
We’d better watch Tiger Woods
Yeah, but that Annica isn’t bad either
Close but no cigar
Oh, no LAUGHTER
Should we give up!
She’s been playing well today
I say thanks for today
It was exciting
The purpose must be that we should have some fun
The thing that makes it interesting is that it’s competition
I’ve never tried this before
After moving down here – one hasn’t been busy with so much to do
At home I’ve done needlecraft – needlepoint, knitting, weaving, made carpets and
curtains
I’m not sure, I don’t know if we’ve had so many activities here
It’s more fun if there are some more exciting things
It keeps the brain alert to compete – it gets too boring otherwise
That was close
Some spectators are sitting alongside the players and following the game
Joy, the glimmering light in their eyes that were just empty with stiff faces
facial expression – showing failure as well as success
sometimes they just sit around and watch
wanted to sit around and watch but did not want to play, but really was eager to watch
it’s a break from the daily routine – it’s fun to win – and it gets exciting for them
When I was young I played football and table-tennis
yes, it can be fun
Shake their head when they fail
Game between one sitting in a wheelchair and one sitting in a chair
Oh now it’s impossible
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oh so close
but now nothing works
Have you played table-tennis before?
Table-tennis but very long ago
This wasn’t so bad
They make sounds themselves supporting the action thjooo pooofs
Look how I’m driving - laughter
Now you’re out on the water
Yeah – yes look it’s not too bad oyoyoy what speed
I don’t have time to slow down
I’ve rowed before but that’s not like this
Way back one did a lot of biking from T to the city
Oh, think how much one has biked
It was the bike that was the transportation .. when we were young
Oh, it’s like it’s me biking
Oh, I’m really great at this
Some of the people suffering from dementia have speech difficulties but facial
expressions reveal that they are enjoying it
From the start we were in it for the fun as an activity more than classical rehabilitation
The personnel observe that they become calm.
Was thinking about how we would like to have it organised in the future...it’ll be other
people
Before, activities were things like printing on tablecloths and weaving – in the future
they probably won’t want to do these kind of things. Physical activity and playing
games like these – we do think we’re heading in the right direction.
After moving into the new building they’re keen on starting with the Wii game again
Fun to see our elderly, how they enjoyed – it created a sense of belonging, a
community around the games
It must be accepted by the directors – that this can be done, to give it chance
Regularity – if not, people suffering from dementia will forget
Activity that seems meaningful – they concentrate
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I enjoyed playing
I felt I was competent in a way
Had an opponent in Anna-Karin - she was really good
Also golfing is great
It’s special, you sit together and play
Some bags sitting together playing and fighting
You feel like you’re somewhat better than someone else
Oh wow, that was a strike – how did you do?
I won’t tell you that
Martin, I got a strike
Concentration in the eyes
She managed to get a spare and Elsa asks what that means. We try to explain that it
means that one has managed to get them all down in two throws.
No thanks, she didn’t get them all down in two
Yes, I once had the opportunity to practice around here but one doesn’t get the chance
to practice either
SMILES – then she sits down after managing a strike
A-K you broke your personal record - A-K responded aha
This is going well – do you feel you’ve become better at this?
Yeeeees
I have become worse no, I would like to practice more
That was close (some spectators have arrived, cheering)
Damn said the goat...
There was no winner in this – oh yes, that was me
Close to a sand hole
You managed to get ahead, Nils
Martin now you’re behind
oh, a stroke
now I’ll clip like hell
Yep – correctly analysed
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Hard
N
Oh well, what is he about to do over there
Now don’t you pass me or overtake me then I’ll hit you with the stick LAUGHTER
Oh well, did I hit into the lake
Oh, knock
Oh, close will never hit
oooooh, look good did you see?
Did you get a strike? (still playing golf)
I just won
Don’t bother about that
Good now you’ve caught up
No, don’t say that
Elsa are you eager about the ranking?
very good
now now now now now
oh no well
oh wow Nils
oh, “cross in the days of peace”
he went into the hole
what should I do now?
now I’m up and away from the sand hole
(surprised that the strike was such a good one)
you two got the same result so you share the same placement
A-K do you like the bowling more?
yeeeees
Oh well yes this was a competition
we can play another round later on
the winner instinct is still present although I’m over 90 years old
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of course I am in to win
now I’ll sweep the floor and clean house - score
you’ve had more opportunities to practice
oh no; I think the pins are glued
it’s nice just to get out of the room and get some variety
this was fun
just like a kid again playing marbles
It’s been good to see them, watch them – you can tell they had fun
they become more alert after playing and seem to carry a feel-good feeling for quite
some time after
I didn’t expect it to be such a success
For the users with dementia who often get stressed and worried during other activities,
we see that they can concentrate for a longer period of time than they usually can
On the municipality level we should provide good elderly care and this is a part of the
mission to not only provide healthcare but care. Sometimes there is too heavy a focus
on healthcare. If you need to move into an elderly care centre you should be able to
have a rich everyday life. The caregivers are doing a lot and fix and arrange things but
the users would like to be part of this arrangement and fix things themselves. There’s
so much we never see or use. We should never be too narrow-minded.
this is a common thing, kids play it - it’s not something specifically for old people,
everyone is playing
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