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Abstract

Obesity has become a worldwide problem that most countries are trying to fight. It
affects many people, irrespective of age, race, gender, or religion; anyone can suffer from
obesity, which leads to serious problems, both for individuals and for society as a whole. In this
study we have selected two groups of people: the basic people who do not exercise on a weekly
basis, and the average people who exercise regularly, every week. We have explored the attitude
of the two groups in regards to mixing exercises with games, in order to motivate the people with
basic activity levels to exercise more frequently. We have used a qualitative standard online
questionnaire from AttrakDiff, which evaluates user experience through four important aspects:
a) quality; b) subjective understanding of quality and subjective evaluation of quality; c)
pragmatic and hedonic features; and d) emotional and behavioural effects. We also did a
qualitative study and a quantitative study of some of the important factors present during
exercise. The results of the qualitative and quantitative studies were very encouraging as they
revealed that mixing games with exercise can transform boring exercises into entertaining ones.
It can also motivate players to continue and repeat the exercises. The ANOVA test was applied
and it shows that combining games with a stationary bike has a significant effect on the speed

and the average rotation per minute of the participants.
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Chapter 1: Introduction

1.1 Overview of the Issue

Obesity has become a worldwide phenomenon that, if left unaddressed, will have severe
effects on society’s health, productivity, and economic well-being. It is considered a risk factor
that can lead to diabetes, cardiovascular disease, high blood pressure, osteoarthritis, cancer, and
gallbladder disease. The main two reasons for the rise in obesity are unhealthy eating habits and
a lack of sufficient physical activities (Wang & Lobstein, 2006). Obesity is among the top health
risk factors for the American and Canadian populations, including children of all ages, men,

women and various ethnic groups.

The prevalence of obesity has increased in Canada over recent years; there was
approximately a 14% increase from 1972 to 2005 among Canadian adults. In adults, obesity can
be defined as a body mass index (BM1) higher than 30 kg/m?, where weight (kg) is divided by
height (m2). It is crucial that research be conducted to help overcome problems caused by obesity
for the obese patients involved, their families, their social surrounding, and the society and
economy in general. Today, the primary methods used to counter obesity rehabilitation are
dieting and physical exercise. Evidence suggests that nutritional adequacy, physical activity and
nutritional education are the key components needed to combat these diseases (Kelleher, 2009).
Evaluation of weight gain prevention programs have identified four necessary interventions,

which are:



(a) multi-focus cardiovascular disease prevention programs that targeted obesity
along with other risk factors for cardiovascular disease (e.g.: hypertension and
smoking), (b) prevention programs that focused solely on the prevention of
obesity or weight gain, (c) interventions designed to solely increase physical
activity, and (d) eating disorder prevention programs that promote use of healthy
weight management skills. (Stice et al. 2006; p. 668)

While these methods are effective, they are clearly not stopping the adverse trend
(reported above), and so more work needs to be done to control this dangerous phenomenon.

One of the most effective physical activities to fight obesity and stay in good shape is
cycling, as it is a highly popular form of exercise and a great way to lose weight or maintain a
healthy figure. It is one of the best low impact calorie burning cardio exercises, which means it is
gentle on the joints and bones; the result is less injuries and more calories being burnt. This is
why cycling is often considered a favourite exercise, whether outdoor or at the gym. It is clear
that this generation, specifically children and youth, are facing greater exposure to technology,
new devices, and various kinds of video games that can have both negative and positive effects.
But if addressed well and with the right content, these types of media can be used as tools to
influence and encourage people to lead a healthy, active lifestyle. As an example, scientists have
been trying to develop video games with the purpose of encouraging movement and exercise in
order to fight obesity. This can also improve the boring nature of exercising, making it much
more fun and enjoyable. This naturally leads to more interest and participation in physical
activities. These games are referred to as “exergames”, derived from the term “exergaming”, a
portmanteau of "exercise" and "gaming" which is a term used for videogames that are also a

form of exercise.



However, one of the key success factors for games, and for exergames in particular, is the
user experience. In this thesis, the term “player experience” is used synonymously with the term
“user experience”. In games, the player experience is focused on delivering a better and more
immersive gaming experience, with fewer unnecessary interruptions or challenges that were not
designed by the developers. There are many reasons why delivering a high quality experience is
important in games. For one, playing games is voluntary. If the player has to struggle with
problems that make playing less fun than doing something else, then there is nothing to stop the
player from switching off the console. This is a serious risk, as user acceptance is very sensitive
to user experience problems, and fun and encouragement are considered the most important
aspects of the player experience. Another reason why the user’s experience is important in games
is the fierce competition in the gaming market. The player can choose which games to buy from
a wide variety of titles; if the experience is not pleasant, there are many more titles left from
which to choose. Also, another highly influential aspect of the player experience is the context of
use in which the game is played. This matter for the quality of the player experience, and any
slight change in the context could affect the reaction and naturally the experience itself.

1.2 Objectives and Research Purpose

The following are the objectives linked to the purpose of this study.

1: To evaluate the player experience in cycling exergames. By conducting an
experimental evaluation, the extent to which such games encourage physical activity will be
assessed.

2: To know to which extent the player experience depends on context of use, namely the

setting in which the game is played, including anything that could affect the experience.



3: To know to what extent the activity level of the participants (either average or basic)
affects their experience.

To achieve this purpose, a research investigation will be created. The evaluation results
could help the design of such games from an experience point of view and make them more
engaging, attractive, and most importantly more fun for the users.

1.3 Research Hypotheses

The following hypotheses will be investigated. These hypotheses will be measured in
terms of average activity time, average speed, and average distance cycled by the test groups,
comparing the results of cycling "with" and "without™ the game.

H1,: The ExerBike game encourages physical activity.

H2,: For people with an average activity level, the game does not encourage the user to
cycle more than when watching TV while cycling.

H3,: For people with a basic activity level, the game encourages the user to cycle more
than when watching TV while cycling.

H4,: If the context of use changes, the effect of the game on the user’s motivation to
cycle changes.

1.4 Research Contribution
1. 1 will provide empirical studies describing the relation of context, activity level, and
player experience in exergames, in order to prove that if player experience improves we

will achieve healthier life-style and eventually prevent obesity.



2. 1 will provide an evaluation framework for the exerbike game in terms of the 4 hypothese

which would help improve the user experience.

3. This knowledge would help researchers and companies to tailor their games and products

for a specific user group.

1.5 Organization of the Thesis

This thesis is organized into six chapters. Chapter 1 introduces the objectives and purpose
of this research, and the hypotheses being tested. Chapter 2 presents a literature analysis of the
background of the field of exergaming, presenting the related work. This includes an overview of
the recent exergames and the latest research efforts in this area and presents background
information that introduces the content of the research, a brief description of the system being
evaluated, and the major concepts underlying the research. Chapter 3 introduces the research
methodology, including the research goals and method, as well as the recruiting process,
including sampling and data collection, and the analysis process.. Chapter 4 presents the results
of the evaluation, including a descriptive and statistical data studies. Finally, Chapter 5 is the
conclusion of the project, presenting a summary, some study limitations, a discussion, and some

recommendations for future work.



Chapter 2: Literature Review

2.1 Overview of the Literature

The literature reviewed in this chapter will focus on the ways in which the benefits of
exergaming, as well as its challenges, have come to light through evidence-based research. A
number of gaming platforms examined in academic literature will be assessed, and findings will
be presented. The literature review is broken up into subsections that address different aspects of
exergaming and its impact on motivation. Where possible, images from the games in question
are presented as exhibits.
2.2 Health and Benefits of Sport

Physical activity is an important aspect of health, as “regular physical activity reduces the
risk of heart disease, diabetes, obesity, and other chronic diseases” (Kandula et al., 2004, p. 360).
Being overweight can lead to problems with respect to diabetes, cardiovascular disorders, and
other serious illnesses including the early onset of cancer (McLaughlin & Wittert, 2009).
McGarvey et al. (2006) note a number of physical conditions directly caused by overeating and
lack of exercise. Many of these problems were formerly only considered adult conditions, but
have now spread to young people with the advancement of childhood obesity. Hypertension, also
known as high blood pressure, is nearly nine times more evident in obese children than in those
of normal weight. Cardiovascular disease can also occur, and children have had heart attacks as

young as seven years old (McGarvey et al., 2006). Sleep apnea, which is characterized by a



difficulty breathing or the cessation of breathing during sleep, also rises significantly for obese
youth. Many obese children are also at risk of developing asthma due to a lack of pulmonary
exercise, as well as prolonged exposure to dust mites and other household allergens from leading
a sedentary lifestyle. Physical challenges associated with extra weight or obesity can also include
orthopedic issues. The cartilage in children’s lower limbs and joints is in the process of
development. When cartilage is forced to bear more than average weight, it can be damaged and
even permanently malformed (McGarvey et al., 2006).

There are, therefore, interconnected social, psychological, and medical reasons for which
people become overweight, and different reasons that cause those same people to remain
overweight over a number of years. There is therefore a need for a physical activity intervention.
In the Canadian culture, as in many countries around the world, sport is celebrated as a
significant achievement and different sports are enjoyed by many people. The most popular
sports in Canada are “golf, ice hockey, swimming, soccer, basketball, baseball, volleyball, skiing
and cycling” (Ifedi, 2005, p. 11). Despite the popularity of these sports, over the last few years,
the national sport participation rate has been dropping in Canada (Ifedi, 2005). As a whole,
“participation in sport declined from 45% in 1992 to 28% in 2005 in Canada” (Ifedi, 2005, p.
9). There is a concern about this trend at the highest levels of the government, because of the fact
that a lack of participation in sport can lead to health problems in the population. The federal
government is trying to take steps to make sure that more people participate in sport in Canada
(Bloom, Grant, & Watt, 2005; Canadian Heritage, 1998).

The primary benefit of sport is that of fitness and relaxation (Bloom, Grant, & Watt,

2005). As noted by Heritage Canada (1998), those who are active in sport state that the reason



they take part is to make sure they stay fit, but also to relax. Over 70% of Canadians who are
active in sport report that they are in “excellent” health (Heritage Canada, 1998, p. 4). On the
opposite end of the spectrum, “in 2004, nearly 60 per cent of Canadian adults faced health risks
due to excess body weight” (Bloom, Grant, & Watt, 2005, p. 2). What this means is that with
fewer people involved in sport, there is a greater chance that they will become ill. This will cause
problems in our health care system, and it will mean that more people are taking time off from
work as a result of illness.

Another benefit of sport is that of social development (Bloom, Grant, & Watt, 2005).
People who participate in sport are more likely to spend time with other people (Heritage
Canada, 1998). This is a trend that can start in childhood, where most people gain an interest in
sport. Cerin et al. (2009) refer to differences in physical activities as related to their domains,
namely the kinds of physical activities connected to leisure, household work, occupational work,
and human transportation, which have a positive effect on quality of life. In other words, people
may perceive the value of physical activities differently as they are connected with different
social meanings. Cerin et al. (2009) suggest that most research linking mental health and
physical activities has been connected to the leisure domain, whereas doing housework, for
example, has been shown to lead to increased stress and a negative quality of life, even though it
may have the same physical effects on the body. In a linear regression analysis of two surveys on
the different domains of physical activities, Cerin et al. (2009) found that there was an indication
that the levels of discretion in activity and of activity preference could have an effect on mental
well-being. What this means is that if an individual chooses to exercise, no matter in which

domain that activity takes place, then there is a potential positive effect.



2.3 Benefits of Cardiovascular Exercise and Cycling

Hamer and Stamatakis (2010) contend that, more specifically, cardiorespiratory fitness
and health have been shown to be connected to the quality of one’s life in terms of physical and
mental success. As noted by Ortega et al. (2010), for example, the results of their 15-year
longitudinal study have shown that both men and women who have a high level of
cardiovascular fitness are likely to extend their lives. Similar results were found by Sui et al.
(2009) in a 25-year longitudinal study, wherein in the long term, a higher rate of physical activity
was specifically associated with lower cardiomyopathy.

For adults, Sizer (2011) writes that not only does exercise help to achieve and maintain a
healthy body weight, it also helps the body’s tissues to become more responsive to the flow of
insulin, which will decrease the chance of diabetes. This will also have an effect on preventing
heart and pulmonary diseases, which are a major cause of difficulty later in life. This can be
accomplished through the addition of 20 to 30 minutes a day of vigorous, continuous, and
rhythmic aerobic exercise (Grosvenor & Smolin, 2006). This helps with heart health, stamina,
flexibility, muscular strength, and improves body tone. At the same time, as noted by Sizer
(2011), exercise should also include weight training. The rationale for this is that weight training
is not only good for the bones, but it increases muscle mass so that the body processes all
carbohydrates better.

According to the literature (Oja et al., 2011; Panis, 2011), cycling in particular presents
high cardiovascular exercise benefits. As a whole, cycling presents significant benefits over other
forms of cardiovascular exercise with respect to extended life expectancy, even when the

majority of cycling takes place outside and exposure to pollution occurs (Panis, 2011). This is



likely due to the fact that this form of exercise has fewer strains on the body than other forms of

cardiovascular exercise such as running or aerobic dance. In a review of 16 cycling-specific

studies, Oja et al. (2011) found that all recent results pointed to the increased benefits of cycling

over other forms of cardiovascular exercise. While Oja et al. (2011) found that commuter cycling

of a few kilometres substantially improved the cardio respiratory performance of low-fitness

adults; there was also evidence that whether the cycling took place indoors or outdoors, cycling

up to 3.5 hours per week reduces the risk of cardiovascular disease by about 20 per cent. Over

3.5 hours per week of combined cycling and sport reduces the risk by almost 40 per cent.

Traditional Video
Wariable Pre Post Pre Post
Age (y) 2242 — 2345 —_
Height {cm) 176+10 — 177+6 —
Weight (kg) 85+18 85+18 84+13 82+14
Body mass index (kg-m™) 28+6 27+6 27+6 2746
Fat mass (kg) 17+8 17+9 18+9 17+10
Lean body mass (kg) 68+11 68+12 665 665
Maximal respiratory exchange ratio 1.20+0.06 1.25+0.09 1.21+0.05 1.19+0.06
Maximal heart rate (beats-min') 189+9 185+11 194+12 183+12%
Maximal power output (W) 30743 296+9 272+36 307+43%
Maximal oxygen pulse (mL-beat™!) 19+4 20+4 17+3 2043*
Grip strength (kg) 98+15 102+20 10115 103=+10
Flexibility (cm) 27+7 209+0 29+8 31+8
Leg power (W) S5089+801 51324946 4858+724  5237+652*
WVertical jump (cm) 54+8 55+8 52+5 58+6*
Resting systolic blood pressure (mmHg) 13147 128+8 131+7 123+6%
Resting diastolic blood pressure (mmHg) 68+5 6719 69+7 6746

Table 1 Fitness Measures Before and After a Video Game Cycling Program, Source: Warburton et al., 2007,

p. 657

Video components of cycling exercises can lead to better cardiovascular results. In

particular, Warburton et al. (2007) found that cycling indoors in combination with video games

can have a positive impact on health over other forms of cycling. The Warburton et al. (2007)

study discovered that a training program that links interactive video games to cycle exercises can

10



make a difference in terms of improvements in health-related physical fitness in comparison with
traditional cycle exercise training, as illustrated in the table below.

Warburton et al. (2007) found that indoor, video-game based cycling resulted in greater
attendance, as illustrated in the figure below, and thus a higher volume of physical activity, and

therefore a more substantial increase in physical fitness.
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Figure 1 Attendance Comparing Traditional Cycling to Video Game Cycling, Source: Warburton et al., 2007,

p. 659

What these examples demonstrate is that cycling presents significant benefits over other forms of
cardiovascular exercise, and that indoor, video-game based cycling can present significant
benefits over other forms of cycling.

2.4 Virtual Reality and Exergaming

Mestre et al. (2011) investigated the general assumption that virtual reality can enhance

the experience of exercising. This was done by analyzing the effect of sensory input, in terms of

11



music and video feedback, on performance, enjoyment, and focus, while cycling on an
ergometer. The video feedback was related to the course that a participant needed to finish. The
results showed that the positive effect related to repeated reminders about the participants’
performance was only present when the video feedback was associated to music. According to
Mestre et al. (2011), adding music to video feedback appears to be necessary to maintain the
participants’ commitment to the task over the long term.

Ahn et al. (2009) discuss the design and implementation of a game that can mimic the act
of running on a treadmill. The development of their Swan Game exists as a platform for high
value games that are popular among the gamers and that use the Interactive Treadmill hardware.
The literature review will analyse how the game is evaluated.

With the introduction of the PSP 4 in the present technological world, the importance of games
shifted from a source of entertainment only to a way of exercising to lose weight and have a
healthy lifestyle, while having fun. This is possible as children, or adults, involved in the process
are constantly moving. Running on a treadmill becomes a general practice in the fitness
laboratories as they also serve as clinics where most people are trying to lose weight or gain
muscle power. Thus, games have replaced fitness centers for the tedious aerobic exercises (Ahn
et al., 2009). The difference between the treadmills and games that have an aerobic element is
that the former are monotonous and involve repetitive work, whereas the latter are more
enjoyable. The Swan Boat became a popular multiplayer racing game, as illustrated in Image 1,
which motivates the audience. The purpose of the Swan Boat is to make the interaction process

between games and sport more entertaining, involving the whole body during these exercises

12



Image 1 Swan Boat screen and play, Source: Ahn et al., 2009

When the game was tested on eleven university students and six professors, most of them
concluded that Swan Boat is more than just a sport exercise, since the time goes by very fast
when involved in the game. One student commented that the fitness center became more
enjoyable for him because of the opportunity to play the Swan Boat game. The typical likeable
features included the arm gestures, which included the punching and hindering of the opponent
to prevent him from winning, and running faster than usual on the treadmill in order to win.
These activities prevented the users from being bored or exhausted, as the thrilling effects forced
them to forget about fatigue and their lack of desire to continue (Ahn et al., 2009). The arm
gestures feature of the game made it more interactive. According to the students participating in
the survey, the replacement of arm gestures by buttons would make the game less interactive and
therefore less interesting. Most importantly, the game motivated the students to run more
enthusiastically during the game compared to their regular training (Ahn et al., 2009).

Finkelstein et al. (2011) present the design and evaluation of Astrojumper, a “stereo-
scopic virtual reality exergame” which is an exergame aimed at physical simulation. When
playing the game, virtual game objects fly forward toward the young players who must avoid
collision using their own physical movements. The user needs to dodge planets that are speeding

toward him or her. Scores increase by tapping gold suns that appear periodically.
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Image 2 Astrojumper screen and play, Source: Finkelstein et al., 2011

The study examined the experience of people between the ages of 6 and 50, all of whom
were involved in the testing of the game for a period of 15 minutes. The virtual reality of the
game positively influenced the participants regardless of their age, gender, and level of activity.
The video game caused most of the participants to experience a high heart rate during the gaming
process. The level of motivation was high during the workout, and results of the testing proved
an influence on motivation for both children and adults. Finkelstein et al. (2011) concluded that
gaming exercise, with the help of virtual reality technology, fosters the motivation of participants
because of the interactive design and engagement processes.

2.5 Social Contexts and Exergaming

Gustafsson and Bang (2008) presented a pervasive game that was designed to encourage
teenagers to reduce energy consumption at home. The idea of the game was to use an agent on a
mobile phone that provides hands-on experience with electricity usage and promotes
engagement. The results proved the game concept was motivating and engaging. Players and
their families showed changes in their daily energy consumption patterns. Gustafsson and Bang
further argued that pervasive games are effective for behavioural change and learning, and may

also be appropriate to address lifestyle-induced health problems.
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In another study, ljsselsteijn et al (2005) investigated how media technology factors “may
help users of exercise equipment to stay motivated to do regular workouts” (p. 688). They
evaluated how immersion and coaching by a virtual agent affects the intrinsic motivation of users
exercising on a stationary ergometer. Their results clearly showed that immersion positively
affects both motivation and presence. The presence of the virtual coach also reduced the negative
effects associated with VEs, such as feeling dizzy or nauseated.

2.6 Exergaming and Addressing Specific Health Issues

The literature also demonstrates the ways in which exergaming can be used to motivate
people to address specific health issues. In a study testing a game (SilverBalance, on the
Nintendo Wii Balance Board) for the elderly, Gerling, Schild, and Masuch (2010) found that
physically engaging games may reduce the risk of depression among senior citizens, but it will
also allow them to develop the motor skills they need to avoid some of the side effects of aging.
In their study, Gerling et al. (2010) designed SilverBalance to support navigation in two
positions: (1) sitting in an upright position with the player’s feet placed on the board; and (2)
standing on the board, as required for most commercial Balance Board games. This adaptation
made it possible for the frail elderly, who need to sit rather than stand, to still participate in the
game and to develop a desire to exercise. The physical and virtual designs were both simple in
nature, in order to allow the participants to focus on the task and easily meet their physical and
mental capacities. Motivation was also tied to the social aspect of working with the game in a
group, in that “the group quickly engaged in competitive play by comparing and commenting on

other player’s results despite the simplistic graphical design and game mechanics of the
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prototype” (Gerling et al., 2010, p. 68). This approach seemed to increase motivation as well as
the commitment to play the game again in the future.

In a similar research and game design approach, Morelli et al. (2010) created VI Tennis,
which was a modified version of a popular motion sensing exergame that explored the use of
vibrotactile and audio cues, but that was designed for visually impaired individuals. The game
was tested among 13 blind children who experienced moderate to vigorous levels of physical
activity while playing it. Morelli et al. (2010) found that using this game, as opposed to a non-
virtual exercise activity, helped significantly increase motivation among these children. Although
the physical output associated with the regular game and VI Tennis was similar, Morelli et al.
(2010) discovered that the children “enjoyed playing this version more, which emphasizes the
potential of tactile/audio feedback to engage players for longer periods of time” (p. 147). In other
words, there was a greater positive association with the exergame than with standard exercise,
which means it would likely produce longer-term positive benefits for participants.

2.7 Personalization of Exergames and Motivation

When they are personalized to the physical and mental needs of users, exergames can
become even more effective. In a study by Gobel et al. (2010), three such games were tested and
compared in terms of their effects on motivation. The games included a) ErgoActive, which was
a set of mini games for sports and health that incorporated an ergometer and the vital parameters
of a player into gameplay, illustrated in Image 3; b) SunSportsGo, which used accelerometers to
recognize the player’s movement categories and intensity; and c) Y- Move, which used video
recognition to track player movements which were directly injected into the game to control the

direction of a car, illustrated in Image 4.
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Image 3 ErgoActive, Source: Gobel et al., 2010

Findings from the study indicated that the recognition of the player’s physical activities,
movements, and vital status can add value to the game, not only in terms of game adaptability to
their physical needs, but also to their motivation. The more the game was able to match the

players’ needs, the more likely they were to continue playing over a longer term.

Image 4 Y-Move, Source: Gobel et al., 201

2.8 Background Information

For the purpose of this study, we used an ExerBike developed at MCRLab/DiscoverLab.
The ExerBike is an off-the-shelf stationary training bike (ErgoMeter) that is coupled with a
virtual reality game that my colleague developed. The player controls the game with his/her
cycling speed in RPM (revolutions per minute), and must aim and shoot at virtual flying ducks.

The user needs to cycle with a certain speed in order to constantly point the gun towards the sky,
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where the ducks are flying. The cycling conditions are constant throughout the experiment,
namely the virtual route, the elevation and the required average/maximum power (BPM). Since
there was only one bike, all participants used the same bike. The game is based on a typical
target-shooting scenario. The user interface shows a 3D Island Environment where the camera
viewport has a first person shooter perspective, showing the direction where the player is
looking. The player’s character is standing on a platform facing a field, and in his/her line of
vision there are three targets located at different distances. The player must knock down these
targets by throwing coconuts at them. The player sits on a stationary bicycle, which acts as the
input controller for the game, with a computer screen positioned in front of them and at eye

level, as observed in Image 5.

Image 5 the 3D Island Environment, Source: MCRLab /DiscoverLab

The game engine manages the framework of the game as follows. In order to gain points,
the player must hit all three targets within a ten-second time frame. Once ten seconds have
passed, the targets reset and the game begins again. The player receives feedback about his/her
ability to hit the targets with the use of crosshairs, as illustrated in Image 6. The player does not
control the crosshairs, as they shift horizontally on their own. They move left and right at a
constant speed, and can have an impact on the direction of the throw on the x axis. The vertical

movements of the crosshairs, on the other hand, are controlled by the stationary bicycle. The
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RPM reading from the stationary bike pedals connects with the y axis coordinates of the
crosshairs, which has an effect on the direction and distance (depth) to which a coconut may be
thrown by the player. As the RPM goes up, the player is able to improve the direction and
increase the distance of their throw. In order to play effectively, the player must therefore
moderate the speed of his/her exercise in order to match the targets. A button adapted to the

handles of the bike is used to execute the throws.

==== Bike & Player Information ====

Image 6 Screenshot of the game showing coconuts being thrown at targets, Source: MCRLab/DiscoverLab

What this approach means is that while the coconuts thrown are on a parabolic path
matched to the crosshairs, these crosshairs do not work in the same way as other, more
traditional sniper games. It is therefore not possible to train the crosshairs exactly on the intended
target. This approach increases the challenge level of the game, and also ensures that the
participant is focused on the necessity of increasing their physical output in order to make their
marks more successful. At the end of the game, which continues for a fixed amount of time, the

total score is calculated. However, the game can also be reset and started anew, depending on the
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needs and interests of the participant or on the needs and interests of those managing the
participant’s exercise program.
2.9 Major Concepts

The major concepts underlying this thesis are evaluation, exergaming, and player
experience.

2.9.1 Evaluation
According to Patton (1997), evaluation is the systematic collection of information about a
program in order to enable stakeholders to better understand the program, to improve the
program’s effectiveness, and/or to make decisions about future programming. There are three
types of evaluation. The most common forms of assessment include pre-assessment, formative
evaluation, and summative evaluation (Oliva, 2005). Pre-assessment measures skills which are
necessary for a student to begin instruction (Oliva, 2005). Formative evaluation is used during
instruction to diagnose progress or a need for remediation (Oliva, 2005). Summative evaluation
reveals whether or not an individual has met the objectives of a program or course (Oliva, 2005).
Evaluation can be thought of as a general process or appraisal and method of data collection that
measures participants’ success in meeting goals, but also as a means of evaluating the
overarching program and its efficiency.

2.9.2 Exergaming

The underlying theory of exergaming is connected to Ulbrich’s (1999) Exercise as Self
Care Theory, which is a middle-range theory which demonstrates that there is a connection
between the motivation to care for oneself and the practice of exercise. The development of this

theory was connected to the idea that people need to be responsible for their own care over the
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long term in order to prevent disease and that for self-care to occur, people have to be aware of
the ways in which they can take part in their own health development. To this end, as noted by
Ulbrich (1999), motivation is a necessary precursor to exercise, and can be connected back to the
transtheoretical model of nursing, which has denoted that there are “five stages of change, which
are precontemplation, contemplation, preparation, action and maintenance” (Plonczynski, 2000,
p. 698). An individual needs to be able to go through each of these stages in order to develop a
strong foundation of self-care linked to exercise. For these reasons, Ulbrich’s (1999) Exercise as
Self Care Theory requires the acknowledgment that there is a triangular relationship between
self-care, motivation, and the specific needs of individuals with medical issues.

Taking into account research in exergaming, as determined by Gerling et al. (2010) and
Sinclair et al. (2007), Ulbrich’s (1999) Exercise as Self Care Theory demonstrates that models
for study may need to take into account broader, integrated factors that have an impact on health
and self-care in connection with motivation. For example, as noted by Plonczynski (2000),
behaviour is an incomplete measurement of motivation, and yet it is still used as a means by
which evidence is collected from research subjects. Plonczynski (2000) argues that Ulbrich’s
(1999) theory has proven that there is a need to look more deeply into the contributing factors
preventing individuals from exercising, which may have nothing to do with their level of
motivation but might be related to particular health issues, emotional factors, social factors, or
environmental challenges. Any of these issues might affect an individual’s motivation in an
exercise setting, for example when using exergames (Sinclair et al., 2007). Plonczynski (2000)
suggests, for example, that Ulbrich’s (1999) theory has revealed the absence of comprehensive

theories that include the most explanatory components of cognitive approaches to self-care.
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Predicting and explaining optimal forms of exercise behaviour, as noted by Gerling et al. (2010),
has been severely limited by research focused on behaviour rather than the causes of behaviour.
2.9.3 Player Experience
The theory of player experience (Bellotti et al., 2009) deals with the affective impacts of gaming.
It is evident that player experience is related to the acceptance of such games and to the repeated
or regular use of the same game (Desurvire et al., 2004). While many researchers link player
experience with the fun factor, in fact it represents more than engagement and enjoyment. In
particular, it allows the analysis of a player's cognition, emotions, and physical activity while
playing a game or after playing a game. According to the theory of player experience, the
variables that influence the intensity of emotions are: sense of reality, proximity, unexpectedness
(wow-effect), and arousal. Costello and Edmonds (2009) have presented different categories for

player experience. They listed thirteen different emotions felt while playing or after playing a

game.

Category Description

Captivation Experience of forgetting one’s surroundings

Challenge Experience of having to develop and exercise skills in a challenging
situation

Competition Experience of victory-oriented competition against oneself, opponent, or
system

Completion Experience of completion, finishing and closure, in relation to an earlier
task or tension

Control Experience of power, mastery, control or virtuosity
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Discovery Experience of discovering a new solution, place or property

Eroticism Experience of sexual pleasure or arousal

Exploration Experience of exploring or investigating a world, affordance, puzzle or
situation

Expression Experience of creating something or expressing oneself in a creative
fashion

Fantasy Experience of make-believe involving fantastical narratives, worlds or
characters

Fellowship Experience of friendship, fellowship, communality or intimacy

Nurture Experience of nurturing, grooming or caretaking

Relaxation Experience of unwinding, relaxation or stress relief. Calmness during play

Sadism Experience of destruction and exerting power over others

Sensation Meaningful sensory experience

Simulation Experience of perceiving a representation of everyday life

Subversion Experience of breaking social roles, rules and norms

Suffering Experience of frustration, anger, boredom and disappointment typical to
playing

Sympathy Experience of sharing emotional feelings

Thrill Experience of thrill derived from an actual or perceived danger or risk

Table 2 Categories for player experience, Source: Costello & Edmonds, 2009

Ijisselsteijn et al (2005) investigated how media technology factors “may help users of

exercise equipment to stay motivated to do regular workouts” (p. 688). They have evaluated how

immersion and coaching by a virtual agent affects the intrinsic motivation of users exercising on

a stationary ergometer. Their results clearly showed that immersion positively affects both

23




motivation and presence. The presence of the virtual coach also reduced negative effects
associated with VEs, such as feeling dizzy or nauseated.

One way in which the game can satisfy players’ needs is through a carefully rendered
design process, as noted by Sinclair, Hingston, and Masek (2007). As they write, it is important
for game designers to boost player motivation through an increase in the need to concentrate.
This can be achieved by directing a player’s narrow field of attention to the device or to the game
itself. For example, Sinclair et al. (2007) suggest that Dance Dance Revolution requires the
player to focus on the device, rather than on the game, whereas other games, such as those found
on the Nintendo Wii, are more likely to require that the player focus on the game that is on the
screen. A game designed to require that the player focus on the screen and on the device at the
same time would likely be the most successful at user engagement. As noted by Sinclair et al.
(2007), the player experience is tied to nine key factors, which are:

1. Balance between perceived skills and perceived challenge (the activity is neither too easy
nor too difficult).

2. The merging of action and awareness.

3. Clear goals (expectations and rules are discernible and goals are attainable and align
appropriately with one’s skill set and abilities).

4. Unambiguous feedback (successes and failures in the course of the activity are apparent,
so that behavior can be adjusted as needed).

5. Concentrating and focusing, a high degree of concentration on a limited field of attention

(a person engaged in the activity will have the opportunity to focus and to delve deeply

into it).
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6. A sense of personal control over the situation or activity.
7. Aloss of the feeling of self-consciousness (no feelings of self-doubt or self-concern).
8. Transformation of time (one’s subjective experience of time is altered).
9. Autotelic experience (the activity is intrinsically rewarding - it is undertaken for its own
sake). (Sinclair et al., 2007, p. 292).
In order to facilitate the most authentic and motivational player experience, these factors
must be taken into consideration.
While exergames and their effects on some aspects of player experience have been
studied by other researchers, to the best of my knowledge no other work has analyzed the extent
to which the player experience in cycling exergames depends on the context of use and on the

personal activity level of users.
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Chapter 3: Research Methodology

3.1 Research Goals and Rationale

The scientific research goals of this study are to explain the effect of combining virtual
reality games with physical exercise, and how this impacts the motivation levels of the
participants. This study will allow physical activity researchers to understand to which extent
games can encourage physical activity, specifically within the context of ExerBike activities.
This study will analyze if the effect is constant for users of different ExerBike activity levels.
Understanding the findings could help researchers and companies tailor their games and products
for a specific user group. In addition to a user’s personal activity level (fitness), another
important factor for player experience is the context of use. To the best of my knowledge, this
factor has been neglected in the evaluation of games that encourage physical activity. To this
end, this study places a focus on the gain associated with the introduction of cycling games
compared to simply watching TV while cycling.

The social research goals of this study are to create the means by which society may
benefit from a more physically active population and economically stronger companies. The
results of this study may help sport or fitness clubs, trainers, physical therapists, and product
developers to better understand potential customers, and can lead to better product design and
more customized games. Sport clubs and producers of exercise devices will benefit from results
illustrating the effects on motivation, fun, and enjoyment for different user groups. This can help

companies and medical personnel improve their services and products for people in need of
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fitness options. It can help motivate more users to cycle and increase customer satisfaction,
therefore increasing use and profit. Users will benefit from improved services and product
quality. Moreover, encouraging physical activity will improve the health of users in general. In
this case, increased physical activity would imply more deployment and therefore the purchase
of more exercise devices.

3.2 Research Method

The study employed a basic 2x5 mixed experimental design, whereby participants were
presented with a cycling exercise system that divided the users based on two different activity
levels (basic versus average) and five different settings (plain bike, bike + game, bike+ game+
movie, bike +game+ TV, bike+ TV). The causal nature of the research questions, as related to
motivation, is best served by an experimental approach, which seems to hold the greatest
promise in providing a direct and credible set of answers. Experimental design is regarded as the
most appropriate route to examine a causal relationship between two variables, especially when
evaluating the direct impact of one variable on another. “Experimental design is appropriate
when one wishes to discover whether certain variables produce effects in other variables”.
Experimentation provides the most powerful support possible for a hypothesis of causation
(Cooper & Schindler, 2010, p. 136).

An experimental design is appropriate for this study. Patten (2012) suggests that, “In
experiments, researchers give treatment and observe to see if they cause changes in behaviour”
(p. 5). Instudying cause and effect relationships, the experimental approach is almost always
preferred over non-experimental (Cooper & Schindler, 2010). The definition of an experiment

involves research in which there is “at least one independent variable and one dependent
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variable”. The purpose of the experiment is to estimate the extent to which independent
variables cause changes in the dependent variables (Patten, 2012). Based on the above
information, this study will follow an experimental approach which will be designed to examine
the effect, magnitude of effect, and direct vs. indirect effect of activity levels and settings when
using exergames. The experimental format is proper because it allows us to test for causation
directly and to eliminate variables that might intervene in non-controlled circumstances.
3.3 Variables
In this study, the variables are defined as follows. There are two independent variables. The first
independent variable is the context in which bicycle riding occurs. These contexts include: the
"plain bike" context, which refers to the setting where participants only exercise on the
ergometer without playing the game; the "game" setting, which refers to the case where subjects
play the ExerBike game; the "only TV" setting which refers to the case where subjects cycle
while watching TV only; the "game-cinema" context of use, which refers to a situation where
participants watch an exciting movie of their choice on a high quality screen with an appropriate
sound system while they are exercising; and the "game-TV" context of use which refers to a
situation where participants watched a randomly-chosen Canadian TV channel. The second set
of independent variables is the physical factors, which include average speed and heart rate,
distance, and duration. The dependent variable is the participant's level of motivation.
3.4 Population, Sample, and Rationale

The sample was derived from a population with the following demographic, geographic,
and psychographic characteristics. The population includes people living in the Capital Region,

as subjects needed to take part in the tests in person at 800 King Edward, Discover Lab,
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University of Ottawa. The population included male and female persons between the ages of 18
and 36.

Subjects needed to meet the following criteria in order to be eligible for the sample, and
were invited to the study lab for inclusion or exclusion purposes. Sample subjects needed to have
a basic knowledge of virtual reality games, as well as general experience in cycling, but could
not be recreational or competitive cyclists. Sample subjects could not present any medical
condition which was contraindicated for athletic participation, according to their answers on the
Physical Activity Readiness Questionnaire (PAR-Q). People with diabetes, heart disease, or any
other chronic diseases were not recruited, in order to avoid complications. Should any participant
have answered “Yes” to one or more of the questions on the questionnaire, they would have been
asked to see a family doctor or a physician and be excluded from the research. Sample subjects
had to present a basic or average activity level. Basic activity subjects are those who are willing
to be physically active but whose activities do not go beyond walking or taking the stairs instead
of the elevator. Average activity subjects are those who do sports two or three times a week, or
who have a job that is physically demanding. Such people train more than 60min - 120min a
week (jogging, swimming, or other aerobic activity). The activity levels refer to the last three
months.

Body mass index, or BMI, is the individual's body weight divided by the square of his or
her height (Center for Disease Control, 2011). This measure is used to define whether or not an
individual is overweight or obese. Obesity is defined in relation to a historical normal group, but
can loosely be defined as a BMI greater than the 95th percentile (Center for Disease Control,

2011). Sample subjects had to have a normal weight of 18.5 to 24.9 kg/m?, according to the
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international body mass index (BMI) standard, and a waist-to-hip ratio in the normal range of
<0.85 for women and <0.95 for men. To obtain the BMI, the formula BMI (kg/m”2) = weight
(kg)/ (height (m)) ~2 was used. Subjects with BMIs outside of the standard range were excluded.

Participants were randomly chosen, independent of each other, and with no relation to the
experimenter, within a framework of first-come, first-accepted. Participants were recruited using
e-mail lists using a snow-ball sampling effect through personal networks. While the researcher’s
social network was used to recruit participants, members of this social network were not asked to
participate in the study. Once the ideal number of participants was reached, no more participants
were accepted. The study participants included two groups of ten people; one for the basic
activity level (five males, five females) and another group for the average activity level (six
males, four females). Each group was evaluated in each of the settings listed as independent
variables on five different days within a span of three weeks. Since only one prototype of the
game was available, it was not possible to run parallel sessions. Participants were not aware of
other participants’ activities.

The number of participants was limited, but this was necessary due to organizational
reasons (because of limited access to the game prototype) and justified by the research literature.
For evaluating the usability of interactive applications, the use of five to seven participants have
been reported to be enough to detect major usability problems (Nielsen & Landauer, 1993;
Turner et al., 2006). Although there are limited empirical studies or analytical work on the
minimum sample size for player experience research, the community continues to use five to
seven participants for player experience evaluations (e.g., Mestre et al., 2011). To this end, the

number chosen was higher than average and therefore appropriate. Since this experimental
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research design required two groups (basic versus average activity levels), five to ten subjects for
each group was thought to be appropriate.

Due to the aspect of regular training within this experiment, it was expected that the
personal fitness and performance of subjects would increase, which could become a source of
bias. To this end, subjects of each group were randomly assigned to one of the five settings in
order to counterbalance the possibility of bias over time.

3.5 Confidentiality

No personal information such as names, birthdates, addresses or social insurance
numbers were collected. Each participant received a unique participant number, a Globally
Unique ID (GUID). The GUID is computer generated and looks like the following example
936DA01F-9ABD-4D9D-80C7-02AF85C822A8. If a user wanted to be excluded from the study
for any reason he or she would have needed to provide the researcher his GUID, and this
person’s data would have been excluded from further use in the study. Only the researcher had
access to the GUIDs, but there was no link between GUIDs and a person’s real identity. Once
potential participants responded, the research objective was explained, and confirmation of
volunteer status was obtained. There was no payment or reward for participating.

Participants were informed that no personal data would be collected and all collected data
would be anonymous and protected by means of modern security mechanisms. The consent form
was sent via e-mail before the first session. This was done after potential participants had
responded to the recruiting e-mail. If a participant disagreed, no participation took place and no

data was collected. There was also the chance to read the form at the lab where the experiments
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took place. In any case, the first time subjects entered our lab the experiment was explained to
them, and they were asked to read and sign the consent form.
3.6 Instrumentation

There were a number of different instruments used to measure the variables in the user
experience. The physical factors (weight, BMI, average speed, distance, duration, and average
heart rate) were measured using standard metrics. The ExerBike uses an off-the-shelf ErgoMeter
that allows it to measure all the above mentioned variables as well as cycling power (RPM).
Activity Readiness was assessed using the Physical Activity Readiness Questionnaire (PAR-Q-
Test). The Activity level of the participants was captured using the general Practice Physical
Activity Level Questionnaire. The heart rate and speed was measured three times in each
session: at the first minute, at the fifth, and at the tenth minute. The heart rate was taken by an
earlobe heart rate monitor that is connected to the bike and gives continuous readings. The
average round per minute RPM was measured right before the end of the 10" minute.

For the purpose of evaluating the player experience in the cycling exergame, namely the
level of motivation and the dependent variable, the standard online questionnaire from
AttrakDiff was used. Data collected using AttrakDiff gave an idea of the attractiveness of an
exercise and how it is experienced including usability and appearance of the product, which is
the bike (ergometer) by itself or with the different contexts of use. In this questionnaire,
participants were presented two opposite adjectives regarding their experience and had to choose
which extreme best matched their response to the experience. They had the freedom to choose
the intensity of their feelings about the experience. Results should show these four important

aspects: a) quality of the exergame; b) subjective understanding of quality and subjective
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evaluation of quality; c) pragmatic and hedonic features of the exerbike; and d) emotional and
behavioural effects.
3.7 Data Collection

Meeting times were set with each participant according to their preference over a period
of six weeks. Every week, between 8 am and 6 pm, five participants were asked to attend the
sessions at a rate of two per weekday, until all participants had completed five sessions each.
While contexts varied, as noted above, every participant had to do the cycling in the five contexts
of use, but in a random order in order to decrease bias.

The participants received a basic demo of the Exerbike and the ergometer itself before the
experiment began. The experiment and data collection were conducted at 800 King Edward, 5th
Floor, Discover Lab, Ottawa, ON, Canada. Each session took between 30 and 45 minutes. The
first 10 minutes were mainly an explanation of the task and preparation of the game. If users
were expected to watch a movie of their choice, this choice was made from the Internet (Video-
On-Demand) and was purchased by the researcher.

In each session, the physical activity readiness questionnaire PAR-Q test was conducted.
Once the ergometer, the game, the TV/Movie was set up, the user started cycling. This part took
10 to 20 minutes. The participant had the choice to stop even earlier, if needed. They were not
asked to continue or not to interrupt the session. After the session, notes of the training results
and the performance data presented by the ergometer were taken. This included speed [km/h],
distance [m], time [h: m: s], heart rate [1/min]; the data collection took about 5-10 minutes.
While the data was being entered, the participants could relax. Finally, the participants responded

to the questionnaire that has been designed to test user experience. The questionnaire was posted
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online using Google Forms. The participants needed to log into Google using their own data (e-
mail address, password) in order to complete the form. Using Google Forms, participants were
sent an invitation email that contained a link to the questionnaire. The participants completed the
questionnaires in the lab. Participants used one of the computers that are present in the Discover
Lab or MCRLab. Both labs are collocated. Within the lab, people had access to soft drinks and
water. Participants had the freedom to continue watching the movie or TV channel, but could not
use the ergometer for more than 20 minutes.

3.8 Data Analysis

Data entry was done online using Google Forms. It is a very reliable and secure means of
data storage. Data communication between the Google server and the researcher’s computer
were encrypted using SSL. The researcher was the only person to have access to the data, and it
was protected with a very strong password.

After having collected the data, statistical hypothesis testing was conducted in order to
answer the hypotheses of this work. The ultimate goal was to see if the game encourages
physical activity, in terms of increasing motivation and fun. The next goal was to analyze this
effect under different contexts of use and for users of different activity levels. First the data from
both the questionnaires and the objective measures such as average speed, average heart rate and
average (RPM), was sorted. Next, the data was analyzed to see if introducing the virtual reality
game significantly enhanced the cycling experience. The possible positive influence on the
perceived player experience was tested and objective measures that are indicators of higher
motivation (e.g. average speed, average RPM and average heart rate) were evaluated. Data was

analyzed to see if the differences between the groups were significant. Finally, the results were
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compared between different user groups (basic and average activity levels). Statistical data
analysis methods were applied to verify if the hypotheses were supported or rejected. Statistical
data analysis methods were applied to analyze the validity and reliability of the measures.

Results and findings were compared to those from the existing literature.
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Chapter 4: Results

Within a month of sending the recruiting emails, the researcher received 38 responses
from people willing to participate in the study, most of them university students. An apologetic
refusal email was sent to two of them because they were under 18, and the others were asked to
come to the lab so that additional information could be gathered. Once at the lab, their
measurements were taken using an off the shelf scale, and they were asked to complete a hard
copy of the PAR-Q test so that the researcher could choose the ones with normal BMI’s and with
no issues performing this sort of exercise. Only 20 participants were needed for the whole
experiment, 10 with an average activity level and 10 with a basic activity level. To determine
who fit into what group, they were also asked to complete the general Practice Physical Activity

Level questionnaire, in hard copy, in order to measure their activity level.

Out of the group, one individual was excluded because of a low BMI, two were excluded
because of a higher than normal BMI, and three were excluded because they answered yes to

some questions in the PAR-Q, which indicated that they were not qualified to participate.

Finally, the researcher had to apologize to the rest of the group because the total number
of participants needed were found; a total of 20 participants, 10 with an average activity level (6
male and 4 females), 10 with a basic activity level (5 males and 5 females), all between the ages
of 20-36, all with normal BMI’s and absolutely no health issues or concerns related to any

physical activity. The meeting times were set according to their preferences. For a period of 6
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weeks, every week 5 participants were asked to attend the sessions. There were 2 sessions per

day, and only on weekdays.

4.1 Qualitative Analysis (Attrakdiff)

The Attrakdiff questionnaire provided the 4 sets of data collected. The first set is to
indicate the pragmatic qualities (PQ) of the bike and describes its usability and indicates if the
users could achieve their goals using it. The next set is to provide the hedonic qualities of the
bike with a focus on the stimulation (HQ-S) to determine to which extent this product can
support the need to develop and move forward, which is part of human’s nature. The third set
provides the hedonic qualities with a focus on the identity (HQ-I), which means to which extent
the bike allows the users to identify with it. The last set is to determine how attractive the
product (ATT) is, in order to get an idea of how the users are valuing it based on the quality of
their perception. All these work together equally to determine the user experience. After
collecting the data from participants and using Attrakdiff, the following are the results regarding
the experience of participants in both activity levels, including both genders using the bike in the
5 different contexts of use. Attrakdiff provided us with three different diagrams giving distinct
dimensions to evaluate the user experience. The 1* diagram is mainly a portfolio of average
values of the PQ (pragmatic quality), HQ (hedonic quality), and confidence level. The values of
the hedonic quality are represented on the vertical axis (bottom = low value) the horizontal axis
represent the pragmatic quality (left = low value), so depending on the values, the product or
context of use will lie in one or more character regions. The small orange rectangle is where the

rating sits exactly; the big faded rectangle is the confidence rectangle. It shows if the users
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agreed in their evaluation. The bigger the confidence rectangle, the less sure one can be as to
which region it belongs; a smaller confidence rectangle is an advantage because it indicates

results that are reliable and less coincidental.

4.1.1 Attrakdiff Results for Basic Activity Level Participants:
In figure 2, the diagrams show the results of the rating of participants with a basic activity

level, in order from best to least favourite according to their personal exercise experience.
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Figure 2 Portfolio with average values of the dimensions PQ and HQ and the confidence rectangle in the five
different contexts of use for basic activity users
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In Figure 2a) in the context of use, cycling while playing the duck shooting game got the highest
rating amongst participants with a basic activity level. It is rated as desired and very pragmatic
and assists the users optimally. However, according to the hedonic qualities it is only average,
which means there is still room for future improvements. In Figure 2b) when the participants
tried playing the game while a TV was also on, there was a slight difference in their experience
and the evaluation moved the rating more towards considering it task oriented, but it was still

very pragmatic and desired overall.

However, as seen in Figure 2c), when they tried cycling while watching TV only, results came
up as neutral, which means the pragmatic and hedonic qualities are average, leaving room for

improvement in terms of usability and stimulation.

When participants tried cycling, playing the game, and also watching a movie of their choice,
the results shown in Figure 2d) show a rating of practice oriented, which means it is pragmatic
and somehow it stimulates the users. Then, when they tried the bike only, the evaluation
decreased to rate it as superfluous, according to the hedonic qualities. It is not stimulating and
users do not identify easily with it. In terms of pragmatic qualities it is rated as average, as seen

in Figure 2e).

The 2" Attrakdiff diagram is the average values of the four dimensions (Pragmatic, Hedonic-

Identity, Hedonic-Stimulation and Attractiveness).
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Figure 3 Mean values of the four Attrakdif dimensions for the five contexts of use for the basic activity users

In Figure 3a), with regard to the hedonic-identity quality, biking while playing the game is rated

above average, which means it provides the participants with identification while also meeting
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ordinary standards. With regards to the hedonic-stimulation quality it is also rated above average,
which means cycling with the game stimulates the participants, awakes their curiosity, and
motivates them. Attractiveness is rated higher than average, which indicates that the overall

impression of it is very attractive.

However, as seen in Figure 3b) and 3d) ,when they played the game while TV was also running
and when they tried playing the game while watching a movie of their choice, the experience
rating dropped. In this case, with regards to hedonic (identity-stimulation) and attractiveness
qualities, it was only rated average, which means it only meets ordinary standards and is
considered moderately attractive. As for the biking while only watching TV context of use,
Figure 3c), the experience was also rated as average for the hedonic (identity-stimulation)

qualities, but the attractiveness rating increased to above average.

Finally, as seen in Figure 3e), the plain bike context evaluation rating decreased below average
in the hedonic (identity-stimulation) and attractiveness qualities, which indicates how users could
not engage or bond with it. The participants’ lack of motivation caused them to rate it as simply

unattractive.

Figure 4 shows the description of the word-pairs used in the questionnaires. It describes in detail
the basis of the 2" diagram (previously discussed) including the 4 dimensions of the Attrakdiff
user experience: the pragmatic quality, the hedonic (identity-stimulation) qualities, and the

attractiveness of the exerbike, in the five contexts of use.
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Description of word-pairs
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Figure 4 Mean values of the Attrakdiff word pairs for biking in the five different contexts of use for basic
activity level participants

4.1.2 Attrakdiff Results for Average Activity Level Participants:
As seen in figure 5, the diagrams show the results of the ratings for participants with an

average activity level, in order from best to least favourite, according to their personal exercise
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Figure 5 Portfolio with average values of the dimensions PQ and HQ and the confidence rectangle in the five
different contexts of use for average activity users

In Figure 5a), participants with an average activity level tried biking while watching TV only.
Their experience rating is closer to desired, and it was their favourite amongst the other contexts
of use. Results show that it is very pragmatic, but according to the hedonic quality, it is average.
When these participants played the duck shooting game while cycling, their experience changed
and they rated it more as fairly practice-oriented, with average pragmatic and hedonic qualities,
as can be seen in Figure 5b). Figure 5¢) shows that their experience response towards the plain
bike was also rated as practice oriented with average hedonic and pragmatic qualities. In Figure
5d), when the context changed to biking while playing the game and watching TV, results
showed how it is also practice-oriented but very pragmatic, with just average hedonic qualities.
Finally, as seen in Figure 5e), the results for biking and playing the game while also watching a

movie of their choice were neutral, with only average pragmatic and hedonic qualities.
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Figure 6 shows the results of the mean values for the four Attrakdiff qualities, in the five

contexts of use, for participants with an average activity level.
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Figure 6 Mean values of the four Attrakdif dimensions for the five contexts of use for the average activity
users

As can be seen in Figure 6a), when participants were cycling while watching tv, with regard to

the hedonic (identity-stimulation) qualities and attractiveness, this context of use provided users
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with identification as well as stimulation and motivation. The overall impression is that it is

attractive. As shown in the diagram, all values are located above the average. However, for

biking while playing the game, biking alone, biking while playing the game and watching TV or

a movie of their choice, the ratings dropped to average, which means it only meets the ordinary

standards with regard to the hedonic qualities but is above the average for pragmatic. It is also

considered moderately attractive, as seen in Figures 6b) 6¢) 6D) and 6e).

Figure 7 shows the detailed description of the word pairs used in the questionnaires, for

participants with an average activity level, in the five different contexts of use.
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4.2 Statistical Analysis

4.2.1 Evaluated Parameters
Heart rate (HR) is the average number of heart beats per minute. It is recommended that
individuals monitor their heart rates during exercise in order to stay within a safe range. Heart
rate levels differ between men and women, and between youth and adults (see equations 1.1, and

1.2).

Women: 226 — age = age — adjusted Max HR (1.1)

Men: 220 — age = age — adjusted Max HR (1.2)

It has a maximum and a minimum value (Table 3), which can be used to measure the intensity of
the exercises. A heart rate above maximum value is unsafe, while a heart rate below minimum

value indicates that the exercise is not effective.

Target Heart Rate During Exercise

Age Min-Max Heart Rate (BPM)
15 123 - 164

20 120 - 160

25 117 - 156

30 114 — 152

35 111 - 148

40 108 — 144

45 105 - 140

50 102 - 136

55 99 - 132
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60 96 - 128

65 90-120
70 90-120
75 87 -116

Table 3 Minimum and Maximum Target heart rate with respect to the age during exercises

In this study, in order to ensure the effectiveness of the exercise and the safety of the participants
during the training session and to prove that the exergame does not affect the heart rate, readings

of the heart rate were taken at the first, fifth, and tenth minutes.

The heart rate level depends on the intensity of the exercise. In this case, the biking speed is the
main factor that determines the intensity level. For this reason, the speed of all participants was
recorded at the first, fifth, and tenth minutes, in addition to the average rounds per minute for the

cycling.

4.2.2 Statistical Results and Discussion for Average Activity Level Participants
As we can see in Figure 8, results depict the heart rates of the average activity participants at
different time points in the context of (a) Bike + Game, (b) Bike + TV, (c) Bike + Game + TV,
(d) Bike + Game + Movie, and (e) Bike alone. The x-axis shows the number of participants, in
this case ten, and the y-axis shows the recorded heart rate value in beats per minute. Each of the
curves corresponds to the heart rate at a different time (diamond symbol and blue curve for the
first minute; square symbol and red curve for the fifth minute; triangle symbol and green curve
for the tenth minute). Although there are natural differences between one participant and another

in terms of heart rate at each time level, all the values of their heart rates are located within the
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safe range. Moreover, for all the participants and in all the contexts, the heart rates increase with

time.
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Figure 8 Heart Rate of the average activity participants at the first, fifth, and tenth minutes
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The maximum value of the heart rate (138 bps) is reached by participant eight in the Bike + TV
context. Since the same participants performed the exercises, we cannot claim that the
differences in the heart rates between the different settings are due to the fitness level of the
participants, it is mainly because of the environment itself; the average participants are more

used to cycling while watching TV.

In order to support our claim, we conducted the ANOVA test and it was determined that
there is a significance on the rounds per minute when we are in the Bike + TV context and in the
Bike + Game context, F(1,18) = 11.84, with p < 0.003. The significance of the Bike + TV and
Bike alone on the rounds per minute is relatively smaller than that of the Bike + TV and Bike +
Game, F(1,18) = 4.85, p < 0.04 and Fiticas = 4.41. The Bike + Game context had no significant
effect on the rounds per minute when the recorded values were compared to those recorded in the

Bike alone context, F(1, 18) = 0.86, p < 0.36.

The speed and the average (mean) rounds per minute recordings of the different sessions
are shown in Figure 9 and Figure 10 respectively, and they are, to a certain extent, consistent
with the heart rate of the participants. The maximum speeds (32.9 km/hr, 33.8 km/hr, 34.2
km/hr) are also reached in the Bike + TV context during the first, fifth, and tenth minutes
respectively. In the Bike + Game context, the average speed of the participants is less than that of
the Bike + TV and the Bike alone contexts. The maximum value (90.8 rpm) of the average
rounds per minute is also recorded in the Bike + TV context. Again, this is also consistent with

the qualitative results we obtained from the participants after each training session; combining
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games with the bike does not have that much of an effect on the motivation of the average

activity level participants.
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Figure 9 Speed of the average activity participants at the first, fifth, and tenth minutes

The average, the standard deviation, the maximum and the minimum values of the age in years,

the height in centimeters, the weight in kilograms, the average rounds per minute (RPM) during

the exercise, the heart rate (HR) in beats per minute at the first, fifth, and tenth minutes, and the

speed in kilometers per hour at the first, fifth, and tenth minutes of all the participants were

calculated and are shown in Table 4.

50




Average RPM (Bike + Game)
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Figure 10 Average rounds per minute for the average activity level participants

When looking into these numbers, it was noticed that the Bike + TV context is the favorable

exercise environment for the average activity level participants. The Bike + Game setting was

third on the list of favourite contexts, which means that for the average participants, adding the

duck shooting game to the bike does not seem to motivate them to achieve their exercise goal.
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Average activity participants found it almost ideal to be able to watch their favourite shows on
TV. Being able to change the channel at any time is the best context in which to exercise on the

bike, since it is familiar and convenient.

Results also showed that these participants believe that in order to burn more calories and get a
good workout, it is better to be focused on the exercise and not be distracted by any means,
whether it be TV or a game. Moreover, changing the context of biking and playing the game to

add watching TV or a movie was too distracting and resulted in a less effective workout.

Bike + Game (Average) Bike + TV (Average) Bike + Game +TV (Average)

Average | StDev Max Min Average | StDev Max Min Average | StDev Max Min

Age 26.3 4.76 35 20 26.3 4.76 35 20 263 4.76 35 20

Height 1753 6.11 183 162 175.3 6.11 183 1682 175.3 6.11 183 162

Weight 68.8 6.28 78 55 68.8 6.28 78 55 688 6.28 78 55

Average RPM 86.7 3.62246 92 81 0.8 1.032796 22 89 86.9 3.928528 92 78

HR 1st min 106.3 9.104%4 117 85 110.1 |6.471304 11° 99 102.2 | 4.709329 110 96

HR5th min 1146 9.00864 128 o3 118.1 7.23341 133 108 111.7 |[4.922736 119 103

HR 10th min 1186 9.24001 135 98 123 7.586538 138 114 1186 |4.325634 124 110

Speed 1stmin 29.85 1.82833 32.5 276 32.02 |0.748034 32.9 311 30.03 |[1.358144 319 28.2

Speed 5th min 30.68 196344 33.2 276 32.32 |0.997553 33.8 30.2 28.84 |[0.811309 304 279

Speed 10thmin| 30.25 2.2609 33.2 26.5 32.95 |[1.183451 342 30.1 28.35 |[1.358308 31.1 27.1

Bike + Game + Movie (Average) Bike alone (Average)

Average | StDev Max Min Average | StDev Max Min
Age 26.3 4.76 35 20 263 4.76 35 20
Height 1753 6.11 183 162 175.3 6.11 183 182
Weight 68.8 6.28 78 55 68.8 6.28 78 55
Average RPM 84.8 3.61478 90 79 88.2 3.583915 93 83
HR 1st min 101 3.29983 107 o8 106.8 |6.214678 118 100
HR5th min 1122 5.84618 121 105 120.8 |3.521363 127 115
HR 10th min 1188 3.45768 125 114 127.4 |4.742245 135 120
Speed 1stmin 2014 0.89024 30.4 279 30.49 |[1.189257 32.3 28.7
Speed 5th min 27.87 | 070718 29.1 27.1 30.54 2.1376 32.9 25.3
Speed 10thmin| 27.74 | 2.3684 316 25.1 31.02 [1.853405( 33.1 27.3

Table 4 The average, the standard deviation (StDev), the maximum (Max), and the minimum (Min) values of
the age in years, the height in centimeters, the weight in kilograms, the rounds per minute (Average RPM),
the heart rate (HR) in the first, fifth, and tenth minutes, and the speed in the first, fifth, and tenth minutes of

all average activity level participants
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4.2.3 Statistical Results and Discussion for Basic Activity Level Participants
The parameters and the statistical tests that were used to analyze the data of the average
activity level participants were also used for the data obtained from basic activity level

participants.
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Figure 11 Heart Rate of the basic activity participants at the first, fifth, and tenth minutes
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Figure 11 shows the heart rate of the basic activity participants in the five contexts of use
at the first, the fifth, and the tenth minutes. Again, all the heart rates are located within the safe
range and increase with time. The maximum heart rate (145 bpm) was obtained in two contexts,

the Bike + Game context and the Bike alone context.

The standard deviation of the heart rate in the Bike + Game context is smaller than the
one in the Bike alone, which means that adding a game to the bike made the exercises more

challenging and raised the heart rate of the participants.

Since analyzing the maximum heart rate and the standard deviation of the heart rate is not
enough to support our conclusion, we have conducted the ANOVA test for the records obtained
in different contexts at the first, fifth, and tenth minutes. In the first minute, there was no
significant effect of the game on the heart rate in any of the contexts; F(1,18) = 0.051, 0.385,
0.021, and 1.803, p < 0.1 for the heart rates in the Bike + TV, Bike + Game + TV, Bike alone,
and Bike + Game + Movie respectively. The same observation was detected at the fifth minute,
where the significant effect on heart rate of combining the bike to the game or combining the
bike to another medium on is almost negligible; F(1, 18) = 0.007, 0.688, 0.437, and 1.101, p <
0.1 for the heart rates in the Bike + TV, Bike + Game + TV, Bike alone, and Bike + Game +
Movie respectively. However, at the tenth minute, a significant effect of the game on the heart
rate was detected; F(1, 18) = 6.102, 9.803, 5.245, and 10.663, p < 0.02 for the heart rates in the

Bike + TV, Bike + Game + TV, Bike alone, and Bike + Game + Movie respectively.
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Figure 12 Speed of the basic activity participants at the first, fifth, and tenth minutes

As noticed, the speeds of most participants dropped with time, as shown in Figure 12. In the
Bike + Game context, the maximum speeds were recorded at the first and fifth minutes, with
standard deviations lower than in most contexts of use. Although the maximum speed at the tenth

minute did not record in the Bike + Game context, the standard deviation was much smaller than
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in other contexts. Moreover, the largest minimum value of the speeds was also recorded in the

Bike + Game context (Table 5).

Figure 13 shows the average rounds per minute of the participants, in all contexts of use. The
maximum value was recorded when the bike was combined with the game, while the minimum
value was recorded when the bike was combined with the game and the movie (Table 5).
Although the standard deviation of the average rounds per minute within all contexts of use was
significant enough (StDev = 7.734) to have an indication about the effectiveness of the game
when combined with the bike, a more in depth statistical analysis is needed to draw the above

conclusion.

The ANOVA test was used as a statistical analysis tool to further study the effect of adding a
game to the bike, on the participants’ performance. At first, the significance of combining the
bike with a game versus combining the bike with a TV was studied. With F(1,18) =5.733, and p
< 0.027, there was a significance difference on the speed at the first minute between the two
settings. Moreover, the difference increased when the speed at the first minute in the bike plus
game context was compared to the speed at the same minute in the bike alone context; F (1,18) =
34.89. In addition, the effect on the speed at the first minute of combining the game with the bike
in comparison to other contexts of use is significant; F(1,18) = 22.4, and 55.7 when comparing

the Bike + Game context to the Bike + Game + TV and the Bike + Game + Movie respectively.
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Figure 13 Average rounds per minute for the basic activity participants

At the fifth minute, there was no significant difference between combining the bike with the
game and combining the bike with the TV on the speed of the participants. Indeed, for the
previously mentioned settings, F(1,18) = 3.4, with p < 0.08 with Fcritical = 4.41. However, at the
fifth minute, the effect of combining the bike with the game was significant on the speed of the
participants in comparison to the rest of the contexts; F (1,18) = 12.45, 28.57, and 29.87 within

the Bike + Game and the Bike + Game + TV group, and the Bike + Game and the Bike alone
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group, and the Bike + Game and the Bike + Game + Movie group respectively. At the fifth
minute, the effect on the speed of combining the bike with the game was significant in
comparison with the the other contexts of use. The ANOVA test has shown the following results:
F(1, 18) = 8.54, 10.64, 26.54, and 44.14 in the Bike + TV, Bike + Game + TV, Bike alone, and
Bike + Game + Movie environments respectively, when compared to the Bike + Game

environment. Moreover, the effect on rounds per minute was significant when comparing the

Bike + Game (Basic) Bike + TV (Basic) Bike + Game + TV
Average | StDev Max Min Average | StDev Max Min Average | StDev Max Min
Age 28.8 5.63323 37 20 28.8 5.633235 37 20 28.8 5.633235 37 20
Height 173.7 | 9.73025 195 161 173.7 |9.730251 195 161 173.7 |9.730251 195 161
Weight 70.55556 | 8.23273 80 57 70.55556 | 8.232726 80 57 70.55556 | 8.232726 80 57
Average RPM 85.2 5.02881 92 75 73.3 2.58414 78 69 73.4 3.339993 79 69
HR 1st min 111.9 10.5982 135 97 112.9 |9.060905 131 100 109 10.29563 130 98
HR 5th min 121.4 8.57904 144 115 121.7 | 7.149981 138 112 118.6 | 6.345602 129 108
HR 10th min 132.3 7.39444 145 123 124.4 | 6.899275 142 119 123.1 |5.626327 131 115
Speed 1st min 30.31 0.80891 31.3 29.1 29.23 |1.174781 31.1 27.9 28.33 |1.046741 30.2 27.1
Speed 5th min 25.94 0.9228 27.4 24.5 25.15 [ 0.99023 26.3 23.4 24.52 | 0.872799 26.1 23.1
Speed 10th min| 24.76 0.73364 25.7 23.5 23.45 |[1.212206 24.9 21.1 22.8 1.752459 27.1 20.9
Bike alone (Basic) Bike + Game + Movie (Basic)
Average | StDev Max Min Average | StDev Max Min
Age 28.8 5.63323 37 20 28.8 |5.633235 37 20
Height 173.7 9.73025 195 161 173.7 |9.730251 195 161
Weight 70.55556 | 8.23273 80 57 70.55556 | 8.232726 80 57
Average RPM 67.6 2.98887 75 64 65.2 1.135292 67 63
HR 1st min 111.2 11.1036 132 98 106.4 | 7.441625 122 99
HR 5th min 118.7 9.63846 141 105 118 5.597619 129 112
HR 10th min 124.3 8.20637 145 116 122.8 |5.473167 132 115
Speed 1st min 27.62 | 1.19145 29.8 26.5 26.58 | 1.356302 29.3 25.1
Speed 5th min 23.8 0.86667 25.9 22.8 23.15 |[1.324345 25.9 21.5
Speed 10th min| 21.54 1.83497 26.1 20.1 21.36 |1.442375 24.4 20.1

Table 5 The average, the standard deviation (StDev), the maximum (Max), and the minimum (Min) values of
the age in years, the height in centimeters, the weight in kilograms, the rounds per minute (Average RPM),
the heart rate (HR) in the first, fifth, and tenth minutes, and the speed in the first, fifth, and tenth minutes of
all basic activity level participants

values of RPM obtained from the Bike + Game context and other contexts. For instance, F(1,18)
=44.29, 38.20, 90.51, and 150.5 in the Bike + TV, Bike + Game + TV, Bike alone, and Bike +
Game + Movie environments respectively.
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Chapter 5: Conclusion and Future Work

In this thesis we have explored the acceptance rates of participants when
combining exercise with games in order to motivate people with basic activity levels to exercise
more frequently. The qualitative and quantitative results led to the same conclusion: exergames
are more entertaining and more encouraging compared to cycling only, for people with basic
activity level. The maximum values, the minimum values, the average, and the standard
deviation of the most important parameters that were taken into consideration have been
calculated, along with the ANOVA test, and they show that combining games with cycling has a
significant effect on the speed, the heart rate, and the average rotations per minute of the
participants. Our research hypotheses which are” H1,: The ExerBike game encourages physical
activity, H2,: For people with an average activity level, the game does not encourage the user to
cycle more than when watching TV while cycling, H3;: For people with a basic activity level,
the game encourages the user to cycle more than when watching TV while cycling and H4,: If
the context of use changes, the effect of the game on the user’s motivation to cycle changes.”

Were totally supported and proven.

As for limitations of this work, we were not able to evaluate the player experience for a bigger
sample size in order to expand the research. Also, only one exergame was available for this study
so as for recommendation for future work, same research method can be used but with more than
one exergame in order to add variety and compare results with respect to what game users have

used and how their experience was affected. Also, the presented evaluation framework can be
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done but for only obese participants in order to evaluate their experience and whether exergames

have an effect on their exercise performance or not.
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Appendixes

Appendix 1: Recruiting Email

"Hello, I would like to evaluate an Ergometer that is coupled with a simple 3D computer game, to see if
introducing games enhances the cycling experience and if it could encourage physical activity. By
participating in this study you will help me to understand the factors that encourage people to do more
physical activity and if games would make some significant contribution. The experiment will be done
based on 5 sessions within 3 weeks. Every session only takes 30 - 45 minutes of your time. For
approximately 10-20 minutes, | will ask you to perform a cycling exercise on a normal Ergometer that is
coupled with a computer game. Thank you and have a great day, if you are interested in participating in

this study and have any questions you can contact me.

Moreover, the recruitment is being done on behalf of the researcher and not on behalf of the person

sending the e-mail".
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Appendix 2: Consent Form

Consent Form

Purpose of the Study: The purpose of the study is to evaluate the player experience in pervasive games
by conducting an experimental evaluation analyzing to which extent such games encourage physical
activity. Also, to know to which extent the player experience depends on the context of use.

Participation: My participation will consist essentially of attending 5 sessions in a 3 week period, each
session will take about 30-45 minutes during which | will be given instructions for the first 10 minutes
and filling a pre activity questionnaire, and then for 10-20 minutes | will perform a cycling exercise on a
normal exercise bike coupled with a game. The sessions have been scheduled for the weekdays between
8.00 a.m. to 6:00 p.m., The experiment will be conducted at 800 King Edward, 5th Floor, Discover Lab,
Ottawa, ON, Canada , | will also be asked to fill up a questionnaire regarding my play experience while
resting for 10 minutes after the exercise .

Risks: My participation in this study will entail that | do not share or give any personal information that
would reveal my identity. The entire data collection will be done anonymously.

Subjects are chosen among those people that have some physical activity such as running or cycling.
Therefore, the only risk is tiredness.

There will be no other risk due to the exercises. There will be double check for health condition based on
the PAR-Q: “Pre-Exercise” Questions (Physical Activity Readiness Questionnaire).

The exercises include only light cycling activities. The duration will be max. 20 minute. However, | can
stop at anytime, e.g. after 5min. In case | get tired.

There is an area within the lab to rest and refresh by having water and other soft drinks, a university clinic
is only about 200m away, so in any emergency case a physician can be consulted.

Benefits: My participation in this study will help the researcher to understand the factors that encourage
people to do more physical activity and if games would make some significant contribution. Results can
help sport clubs and product developers to better understand potential customers, and can lead to better
product design and more customized games. This can help fitness clubs to motivate more users for
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cycling and to increase customer satisfaction, which in turn would increase turnover and profit. More
physical activity in this case would imply more deployment and therefore purchasing of exercise devices.

The society will benefit from a more physically active population and economically stronger companies.

Confidentiality and anonymity: | have received assurance from the researcher that I will not be asked
for names or any other personal information that could reveal my identity in the research or in any
publications. | understand that the contents and data collected will be used only for evaluating the player
experience in different contexts of use, and that my confidentiality will be protected.

Conservation of data:

All data will be collected in an electronic form using Google Documents. There will be no hard copies or
any other forms of data collection. Data will be kept within Google Documents are encrypted using
highest IT security standards. Only the researcher and the supervisor will have access to data.

After that, researcher will destroy the Google documents (the form containing the experiments data and
results).

Supervisor will securely delete the e-mail and any copy of the document after the conservation period
which is 5 years long.

Voluntary Participation: I am under no obligation to participate and if I choose to participate, | can
withdraw from the study at any time and/or refuse to answer any questions, without suffering any
negative consequences, if | choose to withdraw, all data gathered until the time of withdrawal will be
securely deleted

Acceptance: | agree to participate in the above research study conducted by Rana Alattas of the
Department of Electronic Business Technologies, which research is under the supervision of Professor
Abdolmotaleb Elsaddik of the department of Electrical engineering and Computer Sceince.

If | have any questions about the study, | may contact the researcher or her supervisor.

If I have any questions regarding the ethical conduct of this study, | may contact the Protocol Officer for
Ethics in Research, University of Ottawa

There are two copies of the consent form, one of which is mine to keep.
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Appendix 3: The Physical Activity Readiness Level

Questionnaire (PAR-Q)

1. Has your doctor ever said that you have a heart condition and that you should only do physical activity
recommended by a doctor?

2. Do you feel pain in your chest when you do physical activity?

3. In the past month, have you had chest pain when you were not doing physical activity?

4. Do you lose your balance because of dizziness or do you ever lose consciousness?

5. Do you have a bone or joint problem that could be made worse by a change in your physical activity?

6. Is your doctor currently prescribing drugs (for example, water pills) for your blood pressure or heart
condition?

7. Do you know of any other reason why you should not do physical activity?
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Appendix 4: The General Practice Activity Level

Questionnaire

1. Please tell us the type and amount of physical activity involved in your work. Please tick one box that

is closest to your present work from the following five possibilities:

Please
mark one
box only
a | am not in employment (e.g. retired, retired for health reasons, unemployed, full-time carer etc.)
b | spend most of my time at work sitting (such as in an office)
| spend most of my time at work standing or walking. However, my work does not require much
c intense physical effort (e.g. shop assistant, hairdresser, security guard, childminder, etc.)
My work involves definite physical effort including handling of heavy objects and use of tools (e.g.
d plumber, electrician, carpenter, cleaner, hospital nurse, gardener, postal delivery workers etc.)
e My work involves vigorous physical activity including handling of very heavy objects (e.g. scaffolder,
construction worker, refuse collector, etc.)
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2. During the last week, how many hours did you spend on each of the following activities?

Please mark one box only on each row

None

Some but
less than 1
hour

1 hour but
less than 3
hours

3 hours or
more

Physical exercise such as swimming, jogging, aerobics,
a football, tennis, gym workout etc.

Cycling, including cycling to work and during leisure

b time

c Walking, including walking to work, shopping, for
pleasure etc.

d Housework/Childcare

e Gardening/DIY

3. How would you describe your usual walking pace? Please mark one box only.

Slow pace

(ie. less than 3 mph) Steady average pace

Fast pace

Brisk pace (i.e. over 4mph)
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Appendix 5: Participants Information Sheet

Participant’s information

Age

Gender

Height

Weight

Employment Status

Education level

Familiar with 3D computer games | Yes No
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Appendix 6: The Attrakdiff Evaluation Questionnaire

Questionnaire regarding the quality of Exerbike, with the help of the word-pairs please enter what you

consider the most appropriate description for Exerbike.

Please check on your choice in every line!

Human . r . - « T r technical
isolating - i - i - i r connective
pleasant i i i i L i i unpleasant
inventive - r r C L T T conventional
simple i i i i L i i complicated
professional i i i i (" i i unprofessional
ugly i i i i (" i i attractive
practical i i i i (" i i impractical
likeable i i i i (" i i disagreeable
cumbersome - i i i (" - i Straightforward
stylish i i i i - i i tacky
predictable i i i i i i i unpredictable
cheap " " " i i " " premium
alienating i i i i i i i integrating
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brings me closer to
people

unpresentable

rejecting

unimaginative

good

confusing

repelling

bold

innovative

dull

undemanding

motivating

novel

unruly
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separates me from

people

presentable

inviting

creative

bad

clearly structured

appealing

cautious

conservative

captivating

challenging

discouraging

ordinary

Manageable

Thank you!



