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Abstract 

A major problem in public health is low participation in physical activity. Games incorporating physical 

activity, exergames, have potential to combat this issue because they are engaging. A primary quality that 

makes games engaging is agency, the ability to make choices. Agency poses challenges to the design and 

play of exergames. First, exercise can be so rigid that it is challenging to design exergames that provide 

agency. Second, people have a fundamental agency to choose to play an exergame or not, and how long, 

how often, and how vigorously to play them. It is challenging to motivate people to play and keep playing 

exergames to reap health benefits. 

 This research explores these challenges through two studies. In the first study, we developed game 

design techniques to balance agency with the constraints of rigid exercises. We illustrated these techniques 

through a novel game we developed for muscle-strengthening, Brains & Brawn. Results from the study 

demonstrated that players experienced agency during gameplay, were incented to exercise with correct 

form, and showed favourable attitude toward the game.  

To address the second challenge, we conducted a six-week nonrandomized control trial that examined 

adherence behaviours. The study showed that our exergame promoted high adherence levels compared to 

past interventions. A core motivator that might influence adherence is the potential for social interaction. 

Thus, we additionally examined agency through the lens of social play by comparing adherence between a 

single-player and multi-player condition. Social play did not augment adherence. However, players in the 

multi-player condition who actively engaged in social play (Groupers) had significantly higher adherence 

than those who did not (Loners). Opposing situations between the multi-player (high Grouper adherence; 

low Loner adherence) and single-player (low Grouper adherence; high Loner adherence) conditions were a 

possible reason social play did not augment adherence. The two groups in the multi-player condition 

differed solely in program belonging, which suggests that forming social groups is important to adherence. 

Results from the two studies showed that agency can be provided for rigid exercises, exergames can 

promote high adherence, and fostering a sense of belonging might aid adherence in future studies. 
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Chapter 1 

Introduction 

Participation in regular physical activity yields many important health benefits, such as a lower 

risk of early death, coronary heart disease, high blood pressure, type-2 diabetes, and several forms 

of cancer [184,189]. The risk of diseases from physical inactivity is also a burden to the economy. 

In Canada, the estimated annual economic burden is approximately $9 billion CAD in direct and 

indirect costs [94,96]. However, people have low levels of participation in physical activity 

[31,170,194]. Colley et al. found that only 15% of Canadian adults and 7% of children and youth 

met the physical activity guidelines recommended by the World Health Organization  [40,41].  

Exergames, digital games that integrate physical activity, represent a promising way to increase 

participation in exercise because games are engaging [140,208]. A primary quality that makes 

games engaging is agency, the ability to make choices [50]. But, agency poses challenges to the 

design and play of exergames. First, exercises can be so rigid that they do not afford the opportunity 

for agency. Second, people have agency to choose to play an exergame or not, and how long, how 

often, and how vigorously to play them. It is challenging to motivate people to play and keep 

playing exergames to reap health benefits.  

The goal of this research is to address these challenges by providing insights into the role of 

agency in the design and play of exergames. I address the challenges through the following 

contributions: first, game design techniques for balancing agency with the constraints of rigid 

exercises, focusing on exercises for muscle-strengthening and physical rehabilitation; second, an 

example game that makes use of these techniques; third, an examination of adherence behaviours 

in an exergame; and finally, an examination of social play in an exergame.  
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1.1 Problem 

Agency is one component that makes games engaging; however, agency poses challenges to 

the design and play of exergames. The problems addressed in this research are rigid exercises limit 

the opportunity for agency in exergames, and it is challenging to motivate people to play and 

continue playing exergames.  

From playing peekaboo as an infant, to playing tag with friends as an adolescent, to playing 

chess, poker, or watching sports as an adult, games are prevalent throughout our lives. Games are 

fun and engaging activities that have rules, at least one player, and a victory condition [63,159,166]. 

Games are such an engaging medium that it has been estimated that the global games market 

generated approximately $100 billion USD in revenue in 2016 alone [135]. Given the 

predominance of games, it should come as no surprise that games are being trialed for use in solving 

real-world problems in areas such as defense (e.g., fixing bugs in missile defense systems [86]), 

education (e.g., as a novel way to teach material [152]), science (e.g., helping biochemists 

understand the growth of HIV [39]), and public health (e.g., games that motivate people to exercise 

[174]).  

A major problem in public health is that people have low levels of participation in physical 

activity [31,170,194]. Research from Colley et al. suggests that only 15% of adults are meeting 

physical activity guidelines, and that this is even lower for youth [40,41]. Fewer than 10% of 

Canadian children meet the recommended 60 minutes per day of moderate-to-vigorous physical 

activity (MVPA) [107]. However, people do spend a large amount of time in front of a television, 

computer monitor, or cell phone. For example, Canadian youth have been reported to spend 7.8 ± 

2.3 hours on average per day in front of a screen in three activities: watching TV or videos (M = 

3.0 ± 0.9 hour/day), playing video games (M = 2.1 ± 1.1 hour/day), and playing or surfing the 

Internet on a computer (M = 2.9 ± 1.1 hour/day) [106]. Passive screen-based activities such as these 

have been associated with a decline in physical fitness [33,77]. 
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Given that people already play digital games and spend a large portion of their time in front of 

a screen, it would be beneficial to turn some of this passive screen-watching into active play by 

incorporating physical activity in games. Active video games, also known as exergames, have been 

developed for this purpose. To combat the low participation rates in physical activity, games have 

been combined with exercise to form exergames. Exergames are thus digital games that integrate 

physical activity [82,124,174].  

The goal of exergames is to motivate people to exercise. To reap the benefits of exercise, 

physical activity guidelines recommend healthy participants engage in both cardiorespiratory and 

strength training exercise [184]. Cardiorespiratory exercises involve activities that increase 

breathing and heart rate for an extended duration, such as walking, jogging, or swimming. Strength 

training exercises, including bicep curls, lunges, and squats, for instance, are suggested in addition 

to cardiorespiratory exercises to strengthen muscle and bone. Strength training exercises are also 

incorporated in physical rehabilitation. Because strength training exercises are characterized by 

many repetitions of the same movement, we coin the term repetitive-motion exercise to encompass 

exercises for strength training for healthy participants and participants involved in physical 

rehabilitation programs. Exergames have been developed for cardiorespiratory and repetitive-

motion exercise. 

 Developing a compelling game involves successfully integrating narrative (the sequence of 

events that occur in the game), aesthetics (the game’s look, sound, and feel), technology (what 

makes the game possible, such as algorithms and game pieces), and game mechanics such as points, 

quests (tasks for players to complete), and levels (progress of a playable character) [166]. A primary 

quality of games that makes them engaging is that they offer players the ability to make choices, 

providing players with agency [50]. Agency is the ability to act in a given environment; in its 

simplest form, agency grants players the ability to make choices in a game world. Agency is such 
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a crucial component to games that it has been argued that the “appeal of games lies in their promise 

of agency, in the promise of an openness that is dependent on the player and her choices” [50]. 

 Agency is also important to physical activity and has foundations in self-determination theory, 

social cognitive theory, and the theory of planned behaviour, theories which provide explanations 

of human motivations [5,180,209]. Agency most closely aligns with self-determination theory 

(SDT). SDT is a theory of human motivation that aims to explain why people make the choices 

they make and is focused on the motivation behind choices that are self-motivated, without external 

influences [162]. SDT posits that people have certain innate needs to satisfy for optimal function 

and growth. One of these primary psychological needs is the need for autonomy. This is generally 

synonymous with agency. Self-determination theory also highlights the importance of agency to 

physical activity [180]. Specifically, results support that agency can predict initial participation in 

and long-term adherence to physical activity programs [180]. Besides SDT, agency is at the core 

of both social cognitive theory and the theory of planned behaviour [5,12,13], and agency has been 

shown to be a predictor of physical activity adherence behaviours in these theories [26,148,209]. 

Thus, agency is essential to games, but it is also critical to adherence to physical activity. 

 Despite the importance of agency to both games and exercise, it is not always easy to 

incorporate agency in exergames. Designers often face a struggle between agency and meeting the 

constraints of exercise. For instance, designers of cardiorespiratory exergames must find ways to 

provide players with agency while incenting proper exertion levels [98] and preventing 

overexertion [167]. It is common practice in cardiorespiratory exergames to provide a one-to-one 

mapping from pedaling, jumping, or running to avatar movement [208]; an avatar is a visual 

representation of the player in the game. Many games, though, require avoiding obstacles and rely 

on frequent stop-and-go motions, such as timing jumps in the classic game, Frogger [101].  
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Figure 1-1. An image of the game, Frogger [101]. The player-controlled frog is labeled and 

circled in the image. Image © [121], adapted by permission. 

 In Frogger [101], the objective is to get a frog to avoid obstacles while attempting to cross a 

road and get to the end of the course (see Figure 1-1). If an exergame version of Frogger were 

played using a recumbent bike, the player might have to frequently stop pedaling to correctly time 

jumps, which is contrary to the goal of promoting appropriate intensity levels for improving health. 

Ketcheson et al. saw this in their game, Calf-Life, in which in-game actions, such as aiming, 

distracted participants from pedaling [97]. 

 In repetitive-motion exercise, a participant’s real-world physical movements are constrained to 

safely perform the exercise. Participants typically perform with a specific pace, with a specific 

form, and following a rigid prescription consisting of x sets of y repetitions of z exercises. This 
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makes it difficult to provide players with agency. For instance, Gotsis et al.’s Skyfarer, a game 

designed to address shoulder pain in people suffering from spinal cord injuries, provides engaging 

gameplay involving a variety of repetitive-motion exercises. However, the game achieves this 

through heavily scripted progression and limited player agency [71]. 

 When players do have agency in exergames, it is not obvious what they will choose to do with 

the freedom afforded to them. Players can choose how long, how often, and how intensely to play 

exergames, and these factors can affect the health benefits of the game. SDT posits that social 

interaction is a primary human need. Thus, playing games with others might increase engagement 

and augment exergaming adherence behaviours.  

 The challenges to agency are different for repetitive-motion and cardiorespiratory exercise. 

With repetitive-motion exercise, it is not clear how to introduce agency in a game. The rigid 

structure of the exercise poses a problem with attempting to grant players the ability to make 

meaningful choices. Cardiorespiratory exercise affords players more opportunity to make choices 

in a game because these types of exercise are much less rigid. Cycling [81,143], running [131], and 

even kung fu [76] can be readily mapped from real-world actions to digital avatar movements. This 

makes it simpler to introduce agency in cardiorespiratory exergames than in repetitive-motion 

exergames. The primary challenge in cardiorespiratory exergames is getting people to exercise long 

enough and hard enough to receive the most health benefits. One way to influence this agency is to 

incorporate multi-player capabilities in exergames.  

 In this thesis, we investigate the role of agency in the design and play of exercise video games. 

First, we examine the tension between agency and exercise in repetitive-motion exergames. Next, 

we explore what players do with their agency by examining adherence behaviours in 

cardiorespiratory exergames. Finally, we examine agency through the lens of social play.  
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1.2 Motivation 

 It can be difficult to design exergames for repetitive-motion exercise, such as strength training 

and physical rehabilitation. Workouts involving repetitive exercises are typically prescribed by a 

specialist, such as a personal trainer or physical rehabilitation therapist [26,104]. These include 

physical rehabilitation programs for calf rehabilitation [164], for shoulder rehabilitation [71,87], 

and for post-stroke rehabilitation [7,28]. These also include workouts for strength training programs 

[103]. Since repetitive-motion exercises require the same movements to be performed repeatedly 

in a precise manner, this limits players’ physical actions, making it difficult to provide players with 

agency in games developed for these exercises. Preliminary evidence has shown that games can 

help with enjoyment of programs involving repetitive exercises [1,20,69,187], but agency is often 

omitted in these games.  

 Current exergames for cardiorespiratory exercise have also been shown to be enjoyable 

[67,82,93]. Researchers have demonstrated that exergames can lead to significant health benefits 

[66,173,197]. Critiques of exergames are that total play duration quickly wanes after the novelty of 

the game has worn off, and that play sessions are short in duration, in the range of five to ten 

minutes of play [37,45,72]. For instance, in a six-month intervention study, Madsen et al. reported 

declining exergame usage [45,114]. Between months three and six, only two of the twenty-one 

children who submitted a play log reported using the exergame twice per week or more, despite 

being provided with instructions to play the game thirty minutes per day, five days per week 

[45,114]. Self-reported play duration in Madsen et al.’s trial also demonstrated low amounts of 

activity. The trial started with participants reporting approximately twelve minutes of play per day, 

and by month six, self-reported play duration decreased to seven minutes per day [114]. In another 

intervention study, Maddison et al. suggested that playing exergames for at least thirty minute 

periods per day could lead to lower body weight, but they only measured participants’ energy 

expenditure for five to eight minutes of play [113,154]. Given the low play durations reported in 
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previous trials, it is possible that people might not be willing to engage in exergames for sufficient 

time to accrue health benefits [45]. 

 Several potential strategies exist to increase play duration and frequency in exergames. One 

method is to introduce different games throughout the trial to sustain the novelty of play [72]. 

Another approach is to include more gamified components (e.g., incentives like enhancing 

character abilities and purchasing costumes for avatars) embedded in the exergame. A third method 

is to incorporate multi-player capabilities because they encourage cooperation and competition 

[140]. There is evidence to suggest people are more likely to sustain their involvement in a physical 

activity setting if they participate in social, or group-based, activities rather than on their own 

[15,32,47,208]. Multi-player aspects have also been a large part of the success of games in general 

[177,195,207]. For instance, massively multi-player online games such as Blizzard’s World of 

Warcraft [23] are played by millions of people [52]. Numerous authors have advocated 

incorporating social play in exergames to foster interaction and increase motivation 

[29,115,124,126]. In fact, supporting social play is considered a core component of exergame 

design and has led to the design of several successful exergames [37,81,99]. To date, though, there 

has been little research comparing multi-player and single-player exergame adherence. 

 As it stands, little is known about how to balance player agency with the constraints of rigid 

physical activity in exergames, how players behave when they have full agency in an exergame, 

and how players behave when they have the opportunity for social play.  

1.3 Approach 

 The approach taken in this thesis explores (1) the challenge of introducing agency in 

exergames, (2) the behaviour players exhibit when they do have agency, and (3) agency through 

the lens of social play.  
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 First, we developed game design techniques for addressing the challenge of introducing agency 

in exergames for rigid exercises. The constraints imposed by repetitive-motion exercise limits a 

player’s physical movements, making it inherently difficult to give players choices in games that 

involve these types of exercise; thus, these techniques particularly focus on the challenges to 

balancing agency with the constraints of repetitive-motion exercise. We developed a novel muscle-

strengthening game, Brains & Brawn, to illustrate these techniques and performed a playtesting 

study to evaluate players’ experience with agency and exercise form. 

 Next, we examined people’s fundamental agency—the choice of playing an exergame or not, 

and for how long, how hard, and how often. We conducted a six-week nonrandomized control trial 

that examined adherence behaviours. Our primary outcome measures were mean play session 

duration, play duration, and play frequency. Our secondary outcome measures were play intensity 

and total physical activity. We had one exploratory outcome examining inactive play duration to 

inspect how long players chose to be relax or be idle in the exergame.  

 Finally, we examined this fundamental agency through the lens of social play. A core motivator 

that might influence whether people play and keep playing an exergame is the potential for social 

interaction. In our nonrandomized control trial, we first evaluated online multi-player versus single-

player exergaming adherence behaviours among children within a home environment. We then 

further examined the multi-player condition to determine how people chose to play when given the 

choice of playing alone or in a group, whether there was a pattern to the choices that were made, 

and if this could predict subsequent dropout.   

1.3.1 Research Questions 

 We investigated three main research questions associated with our approach to agency in 

exergames: 
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1. Is it possible to develop exergames for repetitive-motion exercise that grant players agency 

while meeting the rigid constraints of the exercise? 

2. When players have full agency in exergames, how do they choose to use this agency? 

3. What decisions do players make when afforded the opportunity for social play in 

exergames? 

1.4 Steps in the Approach 

 The steps in our approach include developing and evaluating methods for designing repetitive-

motion exergames, examining multi-player and single-player exergaming adherence behaviours, 

and examining adherence behaviours in exergames geared for social play. The steps performed are: 

1. Determine design techniques for developing exergames for repetitive-motion exercise. 

These methods are detailed in Chapter 3. 

2. Design an exergame that illustrates the design techniques we develop for repetitive-motion 

exercise. We developed a novel muscle-strengthening card game, Brains & Brawn, that 

demonstrates the use of these design techniques. The development of Brains & Brawn and 

key takeaways for developers are described in Chapter 3. 

3. Examine exergaming adherence behaviours in a game that grants full agency to players. 

We ran a six-week nonrandomized control trial that examined the choices players made in 

a cycle-based exergame when they had full agency and how those choices affected their 

exergaming behaviours. The trial is described in detail in Chapter 4. 

4. Examine social play in the nonrandomized control trial to determine what players do with 

their agency when they have the choice to play with others. The design of the 

nonrandomized control trial we ran allowed us to compare adherence behaviours between 

a multi-player and single-player group. In addition, within the multi-player condition, we 

examined what players chose to do when they had the opportunity to play alone or with 
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others, whether there was a pattern to the choices they made, and if this predicted 

subsequent dropout. The results of this investigation into the decisions players made when 

afforded the opportunity for social play are described in Chapter 5.  

1.5 Contributions 

 This thesis examines the role agency has in the design and play of exergames and provides four 

main contributions to the areas of human-computer interaction and public health, specifically in the 

design of exergames. The contributions are intended to allow the development of compelling 

repetitive-motion exergames, to explore what exergame players do when they are granted full 

agency in the games, and to examine the choices players make in exergames when afforded the 

opportunity for social play. The contributions are: 

1. A novel set of design techniques for developing compelling repetitive-motion exergames 

while meeting the rigid constraints of the exercise. Developing these techniques led to four 

key findings. First, designers should consider the types of agency that can be provided 

during and between exercises. Next, physical movement should be decoupled from avatar 

movement. Designers should exploit agency by making player form a game mechanic to 

incent exercising with correct form. Finally, designers may provide illusion of agency, but 

this should be combined with real agency so that players have meaningful options even if 

they see through the illusion. 

2. A novel muscle-strengthening card game that illustrates these techniques. The muscle-

strengthening exergame we developed, Brains & Brawn, employs our design techniques 

for balancing agency with the constraints of rigid exercises. Results from a study 

playtesting the game demonstrated that players experienced agency during gameplay, were 

incented to exercise with correct form, and showed favourable attitude toward the game. 
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3. An evaluation of exergaming behaviour among children within a home environment. We 

conducted a six-week nonrandomized control trial that examined players’ behaviours. This 

trial objectively demonstrated that our exergame promoted high adherence levels relative 

to past studies. For instance, our study promoted a mean of over thirty-five minutes of play 

per session, whereas past studies have typically elicited five to ten minutes play session 

durations [37,45]. 

4. An examination of players’ decisions when they were afforded the opportunity for social 

play in an exergame.  In the nonrandomized control trial, participants were allocated to a 

multi-player or single-player condition. The results demonstrated that multi-player 

capabilities did not augment adherence levels. Through an evaluation of the multi-player 

condition in our study, we discovered a dichotomy of player types: Groupers and Loners. 

Groupers played with others frequently, and Loners did not. Groupers had higher 

adherence than Loners. The primary difference between these players was their sense of 

program belonging, which suggests that forming social groups is important to adherence.  

1.6 Thesis Outline 

 The thesis is organized in the following manner. Chapter 2 reviews the literature motivating 

this research. This chapter presents a detailed examination of exergames and agency. This chapter 

describes current approaches to developing exergames. This chapter also details agency, its 

importance to games, challenges to introducing agency in games and exergames, and current 

approaches to incorporating agency in exergames. Chapter 3 presents our design techniques for 

balancing agency with the constraints of rigid repetitive-motion exercise. The techniques are 

illustrated in this chapter through the development and playtesting of a novel muscle-strengthening 

card game, Brains & Brawn. Chapter 4 details our work examining exergaming behaviours in a 

six-week nonrandomized control trial. An examination of play duration, play frequency, play 
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session duration, play intensity, total physical activity, and inactive play duration during play of 

the Liberi cycle-based exergame are presented in this chapter. Chapter 5 describes the decisions 

players made when were afforded the opportunity for social play in the Liberi exergame. This 

chapter provides a comparison between multi-player and single-player adherence behaviours. In 

addition, this chapter examines the choices players made when they had the opportunity to play 

alone or with others, whether there was a pattern to these choices, and if this could predict 

subsequent dropout from an exergaming study. Chapter 6 discusses this thesis’ contributions, 

limitations, and potential future work. 
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Chapter 2 

Literature Review 

 This chapter reviews the literature motivating this research and elaborates the problems we are 

addressing: rigid exercises limit the opportunity for agency in exergames, and it is challenging to 

motivate people to play and continue playing exergames. First, we provide a general overview of 

games to aid in understanding why games are being used to encourage people to exercise. Both 

cardiorespiratory and repetitive-motion exercise are important to a person’s health; thus, we next 

detail the types of exercise targeted by exergame designers. Then, we present a detailed 

examination of exergames. Because playing together might impact how long and how intensely 

players choose to exercise, we then discuss the role of social play in exergames. Since agency is 

the core of the problem we are addressing and is an essential component of games, we finish this 

chapter with a comprehensive examination of agency, its importance to games, and challenges to 

incorporating agency in games and exergames. 

2.1 Games 

 Many experts have attempted to define the term “game” [43,63,159,166]. Expert game 

developer Scott Rogers defines a game as “an activity that requires at least one player, has rules, 

and has a victory condition” [159]. Here, a player is an individual who engages in a game activity. 

Well-designed games should also be engaging [63,166]. Developing a compelling game involves 

successfully interweaving components including aesthetics, game mechanics, narrative, and 

technology [166].  

 Games are separated into different genres. These include adventure games (games that provide 

an interactive story about a protagonist controlled by a player and focus on storytelling, exploration, 

and puzzle-solving) [2], racing games, role-playing games (games that focus on developing abilities 
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of a character or group of characters by leading them through a series of quests) [2], and shooters 

(games that focus on shooting projectiles at and avoiding being hit by targets) [3].  

 Games can be single-player, multi-player, or include both types of play [63]. Single-player 

games, such as The Elder Scrolls [17], The Legend of Zelda [136], and The Witcher [34], are 

popular games that feature comprehensive campaigns (storylines or sets of adventures to complete), 

large open worlds to explore, and many character abilities, equipment, and weapons to enhance. 

Multi-player capabilities in games enable novel forms of social interaction, such as allowing 

players to play remotely with people located around the world [128,130,131]. Players often engage 

in remote play for the social aspect of the games; motivations to play these games include 

socializing (having an interest in helping and chatting with other players), relationship-building 

(having a desire to form long-term meaningful relationships with others), and teamwork (deriving 

satisfaction from being part of a group) [207]. Multi-player games, such as first-person shooters 

Battlefield [54] and Call of Duty [91], may provide a short single-player campaign while boasting 

a more prominent multi-player component [83]. Massively Multi-player Online Games [35], 

including Guild Wars [10] and World of Warcraft [23], place players in a pervasive virtual world 

often populated with thousands of other players.  

 An important component of games that makes them compelling is agency. Agency in games is 

the ability to make choices in the game environment. Agency is concerned with a player’s available 

choices and consequences of those choices, and it is what separates games from other forms of 

entertainment, such as movies and novels [50]. In novels, for instance, readers may vividly imagine 

the world created by the author. But, they can only passively experience the world; they cannot 

step inside the story and alter it. In games players are not simply watching the action unfold; they 

are active participants of the world around them, able to interact with it and make meaningful 

choices that alter the state of that world [133]. Like other games, the goal of exergames is to provide 

players with a compelling gameplay experience. Thus, exergame designers must also concern 
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themselves with providing players agency. Sometimes, however, compelling game elements, like 

agency, are sacrificed to provide high quality exercise. 

2.2 Exercise 

 Physical activity is defined as any bodily movement that expends energy and comes from the 

contraction of skeletal muscle [26]. Exercise is a structured form of physical activity with a specific 

goal, such as reducing weight or lowering blood pressure. Two common types of exercise are 

cardiorespiratory and strength training. As stated in Chapter 1, cardiorespiratory exercises involve 

activities that increases breathing and heart rate for an extended duration, such as walking, jogging, 

or swimming. Strength training exercises, including pushups, pullups, and shoulder presses, for 

instance, are suggested in addition to cardiorespiratory exercises to strengthen muscle and bone. 

To reap the health benefits of exercise, physical activity guidelines recommend healthy participants 

engage in both cardiorespiratory and strength training exercise [184]. The health benefits include 

lower risk of cancers, type-2 diabetes, and stroke, as well as prevention of weight gain, and reduced 

symptoms of depression [26,189]. 

 Most people know about the health benefits of exercise [30,119,139]. However, not many 

people are participating in physical activity [40,41]. People generally have intent to exercise, but 

half of those who intend to exercise fail to do so [145]. Even when they do participate, interventions 

to date have had only modest effects [22,25,46,147]. Conn et al. note that current interventions only 

add approximately fifteen minutes of additional physical activity [42]. Furthermore, people 

typically exercise at a low intensity and frequency, which might cause them to miss out on receiving 

important health benefits [48]. In addition to participation in exercise, adherence to exercise is also 

a major public health problem [27,48]. Exercise video games, discussed next, have been developed 

to promote additional participation in and adherence to exercise.  
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2.3 Exergames 

 Exergames are games that require physical exertion to play [82,115,124,174]. To meet this 

requirement, exergames use equipment to detect and measure player movement or energy 

expenditure [174]. For instance, Konami’s Dance Dance Revolution [102] includes a touch pad for 

players to step on in order to detect a player’s steps when dancing (see Figure 2-1). Wii Sports [137] 

uses a motion sensing controller to detect arm movement in bowling, tennis, golf, and boxing 

games. Muscle-strengthening games typically use a camera, such as the Microsoft Kinect, to detect 

full-body motions. Custom equipment is also sometimes used to detect motion, such as a calf 

attachment for rehabilitation that was developed to control games by tilting the foot (e.g., the 

direction a character is moving can be tied to the direction the foot is leaning, and the speed of the 

character can be determined by the amount the foot is leaning) [164].  

 

Figure 2-1. Two players playing Dance Dance Revolution together (left); a part of the step 

chart (top right); and a screenshot of the game (bottom right). Image © [85], by permission. 
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 The main idea behind exergames is that they provide a fun and engaging way to exercise. 

Exergames have, indeed, been shown to be enjoyable [67,82,124], but exergames can also help 

overcome barriers to engagement in physical activity. These barriers include personal attributes 

(past activity history and perceived self-efficacy), environmental factors (access to facilities and 

social support), and physical-activity factors (injury and exercise intensity) [49]. For instance, 

exergames provide an inexpensive and safe activity that can remove the issue of having close access 

to fitness facilities, as well as inclement weather, and parents’ fears about outdoor neighborhood 

play, since exergames are typically played indoors [143].  

 Some question the role of exergames in promoting physical activity since they are a screen-

based form of entertainment [107,152]. However, researchers have demonstrated that exergames 

can lead to significant health benefits [66,173,197]. They have also been shown to provide benefits 

beyond promoting physical activity, such as improving fundamental motor skills [193]. This might 

be because motivation for exergame play behaviour is based on affective expectations (i.e., how 

much you think you will like the exergame). Affective expectations play a central role in many 

health behaviour models, including self-determination theory, the theory of planned behaviour, and 

social cognitive theory, all of which show a clear link to physical activity [134,143,148,180]. Since 

exergames have been shown to be engaging and enjoyable, they may be considered useful additions 

to promoting physical activity despite being a screen-based activity [143].  

 Exergames can be difficult to design. Exergame designers must concern themselves with the 

issues that traditional game designers consider, such as seamlessly weaving together narrative, 

aesthetics, technology, and game mechanics [166]. But, they must also consider how to incorporate 

physical activity into the game. The physical activity component necessitates equipment to measure 

movement or energy expenditure and methods to interpret output from these sensors [124]. This 

has led to the development of guidelines for designing exergames [115,118,174]. Guiding 

principles behind exergame design have been proposed that include providing an easy entry into 
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play, implementing achievable short-term challenges to promote long-term motivation, providing 

users with appropriate feedback on their exercise effort, implementing individual skill-matching to 

keep players engaged, and supporting social play to foster interaction and increase exercise 

motivation [115]. Additional guidelines include considering the varying intensity of exertion, 

considering cognitive load (e.g., the game component can distract from the exercise activity [98]), 

using exhaustion as an upper limit, and designing for, with, and around pain [118].  

 Exergames have been developed for game consoles and as custom games used in research to 

encourage participation in exercise including cardiorespiratory [11,82,113,124,174], muscle-

strengthening [103,108,151], and physical rehabilitation [7,19,69,71,87] exercise. Each type of 

exercise brings its own challenges to exergame design. In the next two sections, exergames for 

cardiorespiratory, muscle-strengthening, and physical rehabilitation will be examined. Because 

social interaction might improve motivation and adherence to exercise, this section concludes with 

a discussion of multi-player exergames [163]. 

2.3.1 Cardiorespiratory Exergames 

 The first type of exergames developed were for aerobic, or cardiorespiratory exercise. The most 

popular of these games, which also pioneered the rhythm and dance genre of video games, was the  

highly popular Dance Dance Revolution (DDR) game. As shown in Figure 2-1, DDR players stand 

on a foot pad with arrows laid out in a cross, the same way game controllers lay out directional 

pads. Players step on the appropriate directional arrows to match the timing of musical and visual 

cues, presented as on-screen arrow markers. DDR has been one of the most successful commercial 

exergames to date [85,105]. Some schools have allowed traditional physical education programs to 

be substituted with DDR [186]. 

 Besides foot-operated pads, cardiorespiratory exergames have been designed for use on 

recumbent bicycles, which map a player’s pedaling to avatar movement [99]. For example, Liberi, 

a collection of several exergames connected by a central island, is played using a recumbent bike  
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Figure 2-2A. Two of Liberi's mini-games, Gekku Race (top) and Dozo Quest (bottom).  

Figure 2-2B. Equipment used to play Liberi. Image © [81], by permission. 

that controls avatar speed, while a traditional game pad controls avatar direction and performs 

actions [81,82,99,206] (see Figure 2-2). An example of a game in Liberi is pictured in the top-left 

corner of Figure 2-2. Gekku Race is a game in Liberi in which players play as lizards racing to the 

finish line against other players or against artificial intelligence bots.  

 Cardiorespiratory exergames can also be played using treadmills, such as in Swan Boat, a multi-

player racing game that connects players on different treadmills through the Internet [4]. Illustrated 

in Figure 2-3, in Swan Boat, players are placed on teams, and the difference in speed between team 

members determines the direction of the boat. Thus, to change directions, a player must run faster 

than her or his teammates while pointing in the direction they wish to go using a sensor bracelet. 

Interestingly, the game also affects the player’s treadmill. If the team fails to avoid an obstacle, for 

instance, the game responds by raising each teammate’s treadmill incline. 
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Figure 2-3. Two players playing SwanBoat together. Image © [4], by permission. 

 While equipment such as bicycles and treadmills capture lower-body physical movements, full-

body movements can be captured by cameras, such as the Microsoft Kinect or Sony EyeToy, to 

map motions such as running or jumping to on-screen movements [208]. For instance, shown in 

Figure 2-4, Kick-Ass Kung Fu makes use of a webcam to map full-body motions in a martial arts 

game in which the player fights enemies using real-world kicks, punches, and even cartwheels [76].  

 

Figure 2-4. A screenshot of Kick-Ass Kung Fu, showing the player on the left fighting the 

digital character on the right. Image © [76], by permission.   
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 General guidelines for healthy adults to receive health benefits of cardiorespiratory exercise 

suggest accumulating at least 150 minutes of moderate-to-vigorous aerobic physical activity per 

week, in bouts of ten minutes or more [184]. This means to provide health benefits, 

cardiorespiratory exergames must concern themselves with play duration and intensity, incenting 

moderate-to-vigorous physical activity [98] while also preventing overexertion [167].  

 Thus far, cardiorespiratory exergames have been shown to be engaging [4,99,113,124,172]. 

Cardiorespiratory exergames have generally elicited greater energy expenditure compared with rest 

and nonactive video games [62], but they might not elicit as high expenditure as outdoor activities 

and sports [73]. This energy expenditure is typically in the light-to-moderate intensity range [21], 

which has been associated with marked reductions in the risk for mortality and chronic disease 

[198]. But, these games have been critiqued due to short single-session play durations, typically 

lasting in the range of five to ten minutes, and overall play durations that significantly decline over 

time [37,45,72]. For instance, in a six-month intervention study, Madsen et al. reported declining 

exergame use [114]. The trial started with participants reporting approximately twelve minutes of 

play per day, and by month six, self-reported play duration decreased to seven minutes per day. 

Between months three and six, only two participants who submitted a play log reported using the 

exergame twice per week or more, despite being provided with instructions to play the game thirty 

minutes per day, five days per week. Even the successful DDR game has been critiqued for a low 

mean duration of play, with each game lasting about six minutes [178].  

2.3.2 Repetitive-Motion Exergames 

 Because they contain similar exercises, muscle-strengthening and some physical rehabilitation 

exercise can be grouped in a class of exercise termed repetitive-motion exercise. Repetitive-motion 

exercise programs are characterized by many repetitions of the same movements, typically 

following a workout plan [26] or exercise prescription [104]. Examples include strength training, 

in which participants perform a planned workout involving exercises such as deadlifts, shoulder 
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presses, and squats [155,156], and physical rehabilitation, in which people repeat movements to 

improve balance [203] or range of motion [87,203]. Despite important benefits to health and daily 

living [79,88,171,184,189,203], participation rates in strength training and compliance to 

rehabilitation programs are woefully low [31,92,170,194]. 

 Thus, much like cardiorespiratory exercise, games have been proposed as a novel method of 

motivating people to adhere to repetitive-motion exercise. Developing games for repetitive-motion 

exercise has proven challenging because participants have little choice in how or at what pace 

exercise is performed [151]. Participants in repetitive-motion exercise programs must perform 

exercises at a specific pace, with a specific exercise form, and following a rigid prescription 

consisting of x reps of y sets of z exercises. For instance, a workout plan might specify that a person 

perform three sets of 8-12 squats at a slow and controlled pace. This constrains players’ physical 

movements, making it difficult to provide them with meaningful choices in exergames. Like 

cardiorespiratory exercise, however, agency is important to adherence behaviours in repetitive-

motion exercise [149]. The difficulty in incorporating agency in repetitive-motion exergames has 

led game developers to follow one of three basic designs: favouring high quality exercise over 

gameplay, favouring gameplay over quality of exercise, and aiming to blend high quality exercise 

with compelling gameplay.  

High-Quality Exercise Approach 

 Commercial repetitive-motion exergames have generally favoured exercise quality over game 

quality. These games have been primarily developed for muscle-strengthening exercise and include 

EA Sports Active: Personal Trainer [53], Nike+ Kinect Training [176], UFC Personal Trainer 

[176], Wii Fit U [138], and Your Shape: Fitness Evolved (see Figure 2-5) [190]. Although they use 

basic game mechanics, such as providing scores, these are not games in the traditional sense. 

Instead, they are interactive fitness products that provide digital support for traditional workouts, 

for instance, using sensors to track exercise form.  
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Figure 2-5. Ubisoft's Your Shape: Fitness Evolved game, with an on-screen avatar trainer 

demonstrating a Bicep Curl in a gym environment. Image © [64], by permission. 

 Their primary goal is to replicate a gym environment by, for example, including a gym 

backdrop and providing a digital exercise trainer to give instruction and encouragement [111]. 

Typically, the goal is to match the movements of the trainer, which helps to accommodate a slow 

and controlled pace. Additional points are awarded for more closely matching the trainer’s 

movements, incenting the player to perform the exercise with correct form. The games also 

typically provide players with a workout plan to follow. Unfortunately, due to an imbalance 

between players’ desires for instant gratification and the need to play these games long-term to 

receive health benefits, people generally stop playing this type of digital fitness tool before they 

can reap the benefits of the exercise [95]. In addition, unlike traditional exercise programs, these 

tools often lack personalization and adaptability of workouts [70]. 

Compelling Game Approach 

 Another commercial repetitive-motion exergame, Ubisoft’s Shape Up, takes a game-first 

approach at the expense of being a useful exercise tool [191]. It embeds workouts into a suite of 

mini-games, connected by an overarching story. Little attention is given to providing high quality  
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Figure 2-6. Ubisoft's Shape Up Squat Me to the Moon mini-game. Image © [191], by 

permission. 

exercise. As demonstrated in Figure 2-6, one of Shape Up’s mini-games, Squat Me to the Moon, 

encourages players to perform squats at an unsafely fast speed. Players compete against one 

another, performing squats as quickly as possible to reach the moon first. 

Balanced Approach 

 Numerous physical rehabilitation games have sought to find a balance between compelling 

gameplay and quality of exercise [18,28,68,87]. These games include Sayenko et al.’s Blockade 

[74] variant for calf rehabilitation, in which the direction of a digital snake is controlled by tilting 

the foot [164] and Alankus et al.’s series of games for stroke rehabilitation [6,7]. As shown in 

Figure 2-7, in one of Alankus et al.’s games, the tilt of the player’s torso controls the tilt of a hot-

air balloon, which players navigate to reach different on-screen targets [6]. Geurts et al. developed 

several games for physical therapy, including a game in which players move their hand to catch 

virtual dishes [69].  

 The authors of these games have noted that repetitive tasks are simultaneously highly important 

to exercise and highly difficult to motivate people to do [6,69,165]. Sayenko et al. simply note that 
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Figure 2-7. A participant with stroke testing Alankus et al.'s hot air balloon game. Wii 

remotes attached to the arm allow the player to control the tilt of the balloon. Image © [6], 

by permission. 

the “trade-off between enjoyment of the game and therapeutic benefits must be carefully weighed 

when designing both hardware and software for rehabilitation” [165]. Abeele et al. suggest avoiding 

time dynamics (e.g., completing tasks within a certain amount of time or hitting targets/pressing 

correct buttons at the right time) to provide what they describe as “slow fun” [1]. Burke et al. note 

meaningful play and challenges as two principles of relevance to rehabilitation games [28]. Gotsis 

et al., in their development of Skyfarer, provide more concrete game design advice, including 

weaving the exercises into a cohesive narrative in a similar manner to Shape Up’s approach [71]. 

Skyfarer, a game designed to address shoulder pain in people suffering from spinal cord injuries, 

provides gameplay involving a variety of exercises.  
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2.3.3 Multi-player Exergames 

 Playing games with others might affect how intensely and how long players choose to play, 

and exercise intensity and duration can impact health. Games that include multi-player capabilities 

offer the opportunity to connect to and play with others, providing players with social support, 

which is a common barrier to exercise adherence [49,127]. Games that involve movement-based 

interactions, such as exergames, have been found to be particularly suited for social interaction 

[58,127]. Using natural body movements in games has also been shown to increase social 

interaction and engagement in games [109]. 

 Exergames can include multi-player capabilities, which increase the potential to provide social 

support. There is evidence to suggest that people are more likely to sustain their involvement in a 

physical activity if they participate in social, or group-based, activities rather than on their own 

[15,32,47,84,208]. Exergames have been developed that provide capabilities for social play. Liberi 

allows players to easily join up with others during play sessions, dynamically balances games for 

player ability so that players with different physical abilities can play together, and provides several 

different types of games to allow for a variety of play styles [81,89]. Swan Boat places players on 

teams, allowing them to cooperate using the speed of their running and using arm gestures [4]. In 

Swan Boat, players must coordinate speed to steer a boat in order to traverse a course. The 

difference in speed between teammates determines who controls the direction of the boat (i.e., the 

fastest teammate controls the direction of the boat). This resulted in players excitedly 

communicating with one another to go faster to beat competing teams and to slow down when 

avoiding obstacles or making turns.  

 Mueller et al. developed several games to support remote social play [125,130,131]. Jogging 

over a Distance allows two players to jog together remotely [131]. Joggers wear heart rate monitors 

and head phones. Relative heart rate data is used to control spatialized audio between the two 

joggers. Joggers initially set an individual target heart rate. If each player jogs at their target rate, 
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the players sound like they are side by side, but jogging slower than the target rate results in the 

other jogger sounding like she or he is in front. Table Tennis for Three allows three players to 

socialize and play table tennis together using a virtual video conferencing system augmented with 

a traditional table tennis board [125]. Breakout for Two uses a similar setup to Table Tennis for 

Three, augmenting a video system to allow players to play the game remotely. The goal of the game 

is to kick a ball against a physical wall containing a large projection screen in order to break bricks 

overlaid on the video screen; the screen itself displays an image of the remote player, and players 

can interact with one another through video and audio connections [130]. FlyGuy uses a unique 

apparatus that allows players to fly together in a shared virtual world. When players fly close to 

one another, they can communicate through audio.  

2.4 Agency 

 In this section, we first review agency and its importance to games, highlighting challenges of 

introducing agency into traditional games, cardiorespiratory exergames, and repetitive-motion 

exergames. We also examine the use of illusion of agency in games to hide a lack of agency. 

2.4.1 Agency and Its Importance to Games 

 Agency is the ability to make choices. For example, in a role-playing game, agency could 

include the ability to choose between playing a knight or a mage. However, in games we expect 

more of agency than simply providing players with the ability to make choices. For instance, Janet 

Murray, author of Hamlet on the Holodeck, believes that “agency is the satisfying power to take 

meaningful action and see the results of our decisions and choices” [133]. Sid Meier, creator of the 

Civilization [123] game franchise stated that a “game is a series of interesting decisions” [160].  

 Agency allows players to interact with the world around them, and make meaningful choices 

that alter the state of that world [133]. This begs the question: What makes a choice meaningful? 

Wardrip-Fruin et al. argue that agency is experienced when actions that cry out to be taken in a 

game (formal affordances) are balanced with the raw materials to perform these actions (material 
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affordances), and a decrease in agency occurs when these properties are imbalanced [120,200]. 

Thompson et al. describe four elements of perceived agency: foreseeability, ability, desirability, 

and connection [60,182,183]. Specifically, a player perceives agency when they can foresee the 

outcome of that choice, when the outcome of the choice is desirable to the player, and when there 

is a perceived connection between the player’s choice and the outcome that results from making 

that choice [60,182,183]. Thus, meaningful choices are compelled by the design of the game and 

balanced with actions provided to the player within the context of the game. They are choices a 

player can make whose outcome is desirable, foreseeable, and perceived to be connected to the 

choice the player made.  

 As an example, a fishing simulation game compels a desire to try to catch fish. If the game 

primarily provides materials unrelated to fishing, such as hockey equipment, agency is decreased. 

The game world does not compel the player to play hockey; the player chose to play the game 

because she or he wishes to fish. Additionally, the player has expectations of being able to purchase 

fishing related items, including rods, reels, and lures. If the game provides few options for 

purchasing such items, the player’s agency is limited. Casting is a meaningful choice in the game. 

It is an action that players can take in which the outcome of the bait landing in the water near fish 

is desirable, foreseeable, and easy to perceive as being connected to that choice. 

 Agency is provided in different ways in different game genres. Agency is afforded by the 

available tactics in strategy games. Agency is what allows the player to choose which enemy to 

target with what weapon in shooter games. It provides the option to choose which character abilities 

to enhance in role-playing games.  

2.4.2 Agency Challenges in Games 

 Providing agency can compete with other game design goals. For instance, game designers 

often face a struggle between giving players agency and providing a cohesive story. A linear story 
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provides a singular view of events, but as stated by Murray, “The desire for agency in digital 

environments makes us impatient when our options are so limited” [133]. However, the high cost 

of development means that branching games typically constrict players to one of only a few paths, 

perhaps rendering the choices that the player has made up to that point meaningless. 

 This is exemplified in Deus Ex: Human Revolution [55]. The game provides many options for 

completing quests, such as choosing between violent and non-violent solutions, but eventually 

forces players to face enemies using only one, violent, option. This is “highly jarring with the 

freedom that the rest of the game allows and that has been a constant focus of criticism in the initial 

reviews” [50]. Solving the struggle between agency and story cohesion “would seem to lie 

somewhere between the two, in stories that are goal driven enough to guide navigation but open-

ended enough to allow free exploration…” [133]. 

2.4.3 Agency Challenges in Cardiorespiratory Exergames 

 Exergames, like any other game, strive to make games compelling; thus, exergame designers 

must also consider a player’s agency. Designers of exergames face a struggle to provide agency 

while meeting the constraints of exercise. Designers of games for cardiorespiratory exercise must 

find ways to provide players with agency while incenting exertion levels high enough to elicit 

health benefits [30] but low enough to prevent overexertion [56].  

 Typically, cardiorespiratory games allow for a great amount of agency due to the ease in which 

real-world motions can be mapped to in-game character motions. For instance, real-world cycling 

or running speed can be mapped to control an avatar’s speed; jumping in the real world can make 

an avatar jump. The cardiorespiratory exergame shown in Figure 2-4, Kick-Ass Kung Fu, makes 

extensive use of such a mapping, granting players the freedom to choose how to attack enemies, 

from simple punches to complex martial arts actions [76]. 

  However, there are two caveats to this. First, careful consideration must be taken in how 

movements are mapped. For instance, mapping bike pedaling to movement in exergames, such as 
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in the hypothetical Frogger [101] exergame example mentioned earlier, might lead to low exertion 

levels if players must stop pedaling to avoid obstacles. Exergame designers need to consider how 

to implement real-world movements in the game so that players are given freedom in the way they 

move. Using a traditional gamepad for movement in the Frogger example could provide players 

with greater real-world agency by granting them the freedom to cycle how they wish.  

 The second caveat is that even when properly mapped, the freedom afforded to the player might 

not incent exertion levels at a level associated with health benefits. Different game genres have 

been shown to lead to different exertion levels [98]. Since players can do whatever the game affords 

them the opportunity to do in an exergame, they could choose to be idle or relax if there is no 

incentive to exert themselves in the game at intensity levels that lead to health benefits. One way 

to incent higher exertion levels is to use heart-rate power-ups [98]. Heart-rate power-ups provide 

players with in-game rewards for reaching a target heart rate zone. For example, when players reach 

their target heart rate in Liberi’s Biri Brawl, health regenerates more quickly.  

2.4.4 Agency in Existing Cardiorespiratory Exergames 

 Here, we present a sample of games, that while incomplete, is representative of current 

cardiorespiratory exergames. Dance Dance Revolution (DDR) is one of the most popular 

exergames developed, and it  has been shown to have health benefits [85,102,105,174,186]. DDR 

also provides players with virtually no agency. DDR is a physical and mental skill-based game. 

Physically, the player steps on different direction markers on a foot pad based on musical and visual 

cues given by the game, and the speed at which the player steps gets increasingly faster on harder 

levels of the game (see Figure 2-1). Mentally, the player must be able to quickly recognize which 

arrow marker is displayed on-screen and step on the correct arrow marker at the correct time to 

score points and continue the game. DDR provides an aurally and aesthetically game-like 

experience. However, it does not provide elements that are essential to most games, such as agency 
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and narrative. The only agency that the game provides is allowing players to select different songs 

and difficulty levels.  

 Unlike DDR, cardiorespiratory exergames do typically grant players agency. Liberi, for 

instance, allows players to play one of several different types of games, move from game to game, 

communicate and play with other players, and purchase weapon upgrades and new outfits for their 

avatar [82]. Players also have agency within Liberi’s games (see Figure 2-2). In the racing game, 

Gekku Race, players can choose between different types of weapons to shoot at other racers [82]. 

In Wiskin Defence, players can choose different weapons and choose which enemy to shoot at next 

in order to defend the Wiskins in the middle of the arena [82]. In Dozo Quest, players can choose 

to shoot or run past enemies while traversing a maze; they can also choose from one of several 

different paths to follow to ultimately face a boss at the end of the maze [82].  

 Other exergames include Swan Boat, in which players can choose to change direction of the 

boat by running faster than their teammate [4]. In Kick-Ass Kung Fu, players have the freedom to 

choose how to attack enemies, whether by punching, kicking, or through acrobatic moves [76]. In 

Life Is a Village, players have agency to explore their environment while attempting to locate 

resources to build a village [208]. GrabApple is an exergame in which players pick up on-screen 

virtual apples that fall from the top of the screen while avoiding bombs [65]. The game senses the 

player’s body movements using a Microsoft Kinect camera and grants players the freedom to 

choose how and where to physically move their bodies as well as to pick whichever apple they 

want [65]. 

2.4.5 Agency Challenges in Repetitive-Motion Exergames 

 The very nature of repetitive-motion exercise makes it challenging to develop games for this 

type of exercise. For instance, it is common for people that go to the gym for a strength training 

session to follow a workout plan. It is also common for people who attend a physical rehabilitation 

session to follow an exercise prescription. Workout plans and exercise prescriptions contain a pre-
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planned list of exercises set forth by a personal trainer or rehabilitation therapist [26,104]. If players 

must perform specific actions in a precise manner, it becomes challenging to provide them with 

choices that are meaningful both to the game’s outcome and to the players. But, there is no getting 

around the exercise prescription; players must inevitably perform the exercises included in the 

prescription and do so in a manner which prevents injury and is most conducive to their well-being. 

This makes providing players with agency in repetitive-motion exergames while meeting the 

constraints of exercise a significant design challenge. The constraints include maintaining a slow 

and controlled pace, ensuring players exercise with correct form, and meeting an exercise 

prescription. 

Slow and Controlled Pace 

 Unlike cardiorespiratory exergames, mapping real-world movement to in-game actions can be 

dangerous for muscle-strengthening exercises and is inappropriate for some physical rehabilitation 

exercises. For example, performing load-bearing exercises at a high speed in order to make an 

avatar go faster could lead to injury [36]. Game designers must ensure that repetitive-motion 

exercises are performed at a slow and controlled pace 

Correct Exercise Form 

 For safety, repetitive-motion exercises should be performed in a precise manner. However, like 

exercising in a gym, players have real-world agency in how they perform exercises. During the 

game, players might choose to exercise poorly. Game designers are tasked with finding ways to 

incent players to perform exercises with correct form. 

Following an Exercise Prescription 

 In general, repetitive-motion exercise programs require that a specific number of exercises be 

performed. Novices generally follow the prescription rigidly. Experts might know how to swap out 

exercises while receiving the same benefit. Ultimately, though, even experts still must perform a 

rigid set of exercises to meet their workout goals. A rigid prescription provides people with little to 
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no opportunity for agency around choice of exercises. Agency in games relies on people having 

choices around what actions to perform next, and is therefore difficult to provide when the next 

action is dictated by the exercise prescription. Thus, game designers must consider how play of the 

game will guarantee players perform exactly the exercises required of the prescription.  

2.4.6 Agency in Existing Repetitive-Motion Exergames 

 As mentioned, existing repetitive-motion exergames follow three basic designs: favouring high 

quality exercise over gameplay, favouring gameplay over quality of exercise, and aiming to blend 

high quality exercise with compelling gameplay. Commercial muscle-strengthening games, such 

as Your Shape: Fitness Evolved [190], have followed the high-quality exercise approach. However, 

to provide high quality exercise, these products omit or significantly reduce traditional game 

elements, including agency. The goal of these games is primarily to provide players with a workout 

program they can do at home on a game console. The games replicate a gym environment typically 

by including a gym backdrop and providing a digital exercise trainer. However, there are no 

interesting decisions for players to make. Players just mimic the trainer’s on-screen actions. 

 Shape Up [191] attempts to provide a compelling game by incorporating a suite of mini-games 

into an overarching narrative. Each mini-game incorporates colorful animations, visual cues, and 

enthusiastic aural feedback. Despite its game like appearance, Shape Up is primarily skill-based. 

How skilled a player is at exercising is the primary factor that determines how well they perform 

in the game. Little agency is given to players, who are instead simply following on-screen 

instructions and are awarded points based on how well they follow these instructions. 

 The rehabilitation games examined attempt to follow a balanced approach between providing 

a compelling game and providing high-quality exercise. These include Sayenko et al.’s Blockade 

[74] adaptation for calf rehabilitation, Alankus et al.’s games for stroke rehabilitation [6,7], Geurts 

et al.’s games developed for physical therapy (such as the virtual dish-catching game) [69], and 

Gotsis et al.’s Skyfarer game for people suffering from spinal cord injuries [71]. However, 
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developing a compelling game generally requires giving players choices, providing them with 

agency. While the developers of these games note that repetitive tasks are difficult to motivate 

people to do, they provide little to no advice on how to incorporate agency into these games 

[6,69,165]. For instance, Burke et al. noted the importance of meaningful play [28]. However, they 

describe meaningful play as providing feedback for choices players make in games; they do not 

give advice on how to provide players with choices in the first place. 

 Most of these games also make use of the one-to-one mapping successful in cardiorespiratory 

games. Namely, real-world body movement is translated to on-screen movement. For instance, 

Sayenko et al.’s Blockade [74] variant maps foot position to avatar direction [164,165]. Alankus et 

al.’s hot air balloon game maps the direction the player’s torso is leaning to the direction the balloon 

travels [6]. Huang et al.’s game for frozen shoulder rehabilitation maps arm position to digital 

position [87]. Gotsis et al.’s Skyfarer, which incorporated several different types of exercises in 

their game, also made use of this mapping, though the game primarily achieves the ability to include 

a wide variety of exercises through heavily scripted progression and no player agency [71]. This is 

similar to Geurts et al.’s dish catching game that maps a player’s hand to control an on-screen 

virtual hand in that both are skill-based and provide no agency to the player [69]. While this type 

of mapping was appropriate for their games, mapping real-world movement to in-game avatar 

movement can be unsafe or inappropriate for many repetitive-motion exercises, such as bicep curls, 

bent-over rows, and deadlifts, which must be performed with a specific form and pace.  

2.4.7 Illusion of Agency 

 Game designers should, and frequently do, attempt to overcome the challenges of incorporating 

agency in games. However, providing agency is not always possible. This could be due, for 

instance, to the constraints of narrative discussed earlier or due to the problems with permitting 

agency while meeting the requirements of an exercise program. An approach that can aid such 

situations is to provide illusion of agency.  
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 Illusion of agency grants players a perception of control in situations where their actions have 

little to no consequences in the game. Games generally use illusion of agency to disguise a lack of 

agency or to provide emotional experiences in primarily narrative situations. For example, Troika 

Games’ Vampire: The Masquerade – Bloodlines [185] uses illusion of agency to disguise their 

linear storyline [112]. Players can choose from numerous character types and abilities, but these 

choices have little effect on the game’s outcome. Also, dialogue options with non-player characters 

provide restricted choices that rarely affect the game state, but their immersive presentation led 

players to believe their choices mattered. Rockstar Games’ L.A. Noire [158] similarly relies on 

immersive interaction with non-player characters to hide a linear storyline [50].  

 Kojima Productions’ Metal Gear Solid 4 [100] demonstrates how illusion of agency can 

enhance a narrative while immersing players in the game world. At the end of the game, the 

protagonist, Snake, must progress through a tunnel filled with deadly radiation. It is implied that 

Snake will die if he does not make it through the tunnel quickly enough [50,179]. The player 

controls Snake’s progress through the tunnel, but he will never die, regardless of the player’s 

actions. This use of illusion of agency led players to feel that “their actions were meaningful and 

the game was enjoyable” [179]. Valve Corporation’s Half-Life 2 [192] also used illusion of agency 

to provide an emotional experience [50,179]. In one scene, the player must defend a base against 

enemy aliens. However, the amount and skills of the enemies are biased to ensure that the player 

will not lose. This gives the player a feeling of heroism without being able to fail [179]. 

 Illusion of agency should be used judiciously because it can lead to negative experiences if 

players feel they have been deluded into believing their actions have more impact than they actually 

do [179]. To prevent this, illusion of agency may be combined with real agency. For instance, one 

way Vampire: The Masquerade – Bloodlines [185] hides its linear story is by giving actual agency 

in quests that players complete [112]. Giving players choices in smaller aspects of the game might 

reduce their concern with being able to make bigger, game branching choices. While illusion of 
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agency can aid games in general in disguising a lack of agency, it should be noted that we are 

currently unaware of an application of illusion of agency to exergames. 

2.5 Conclusion 

 Exergames have been developed for cardiorespiratory and repetitive-motion exercise. Both 

types of exercise bring their own challenges. For repetitive-motion exercise, current exergames 

have generally omitted agency and attempted to replicate gym environments; they are more of an 

exercise tool than a game. For cardiorespiratory exercise, current exergames generally provide a 

large amount of agency, but they are challenged with meeting health guidelines while granting this 

agency. The agency afforded by these games might not have a positive impact on health because 

players might choose to relax or be idle in the games. It is possible that including multi-player 

capabilities in these games influences players to play longer and more vigorously, but social play 

might also promote behaviours that are not conducive to physical health. Players might choose to 

primarily use the game as a social instead of a health tool.  

 The current state of research in exergames has, thus, led us to address the three primary research 

questions we outlined in Chapter 1. In Chapter 3, we address whether it possible to develop 

exergames for repetitive-motion exercise that grants players agency while meeting the constraints 

of rigid exercises. Next, in Chapter 4, we address how players choose to use their agency when 

they have full agency in the Liberi exergame. Then, in Chapter 5, we address the decisions players 

make when they are afforded the opportunity for social play in the Liberi exergame. Finally, in 

Chapter 6, we conclude with the limitations of our work, remaining challenges to be addressed, 

and potential future work. 
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Chapter 3 

Balancing Player Agency with the Constraints of Exercise 

 In the previous chapter, we noted that repetitive-motion exercise is characterized by many 

repetitions of the same movement,  and participants typically follow a workout plan [26] or exercise 

prescription [104]. Examples include strength training, in which participants perform a planned 

workout involving exercises such as deadlifts, shoulder presses, and squats [155], and physical 

rehabilitation in which people repeat movements to improve balance [203] or range of motion 

[87,203]. Unfortunately, adherence to these forms of exercise is low [31,92,170,194]. For instance, 

Schoenborn and Stommel found that only 15.7% of U.S. adults met both the muscle-strengthening 

and aerobic guidelines of the 2008 Physical Activity Guidelines for Americans  [170].  

 Exergames have been proposed as a way of motivating people to perform physical exercise. 

There has been considerable success in the design of exergames for meeting cardiorespiratory 

guidelines and for promoting anti-sedentary behavior [65,82,113,124,172]. Developing exergames 

for repetitive-motion exercises has proven more challenging. Repetitive-motion exercises offer 

little choice in how or at what pace they are performed – a workout plan might specify that a person 

perform three sets of 8-12 squats at a slow and controlled pace. Because the exercises must be 

performed in a specific manner, there is little opportunity to introduce agency in gameplay, 

allowing players to choose between different meaningful courses of action. Consequently, 

designers of repetitive-motion exergames have had to choose between providing players with 

opportunities to make meaningful choices and providing players with high quality exercise.  

 In this chapter, we show how it is possible to address this lack of agency in repetitive-motion 

exergames. In order for players to be able to make meaningful choices in these games, we propose 

three game design techniques that balance agency with the constraints of repetitive-motion 

exercise. Specifically, agency can be enhanced by providing rich gameplay during rest breaks, by  
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using player form as a game mechanic, and by judiciously providing illusion of agency when real 

agency is not possible.  

 We illustrate these methods through Brains & Brawn, a novel card game in the style of 

Hearthstone: Heroes of Warcraft [24] and Pokémon [181] developed for people with little or no 

experience with muscle-strengthening exercises. Results of playtesting with eight participants lend 

confidence that these methods provide an engaging game while meeting the constraints of 

repetitive-motion exercise. Participants used a variety of strategies, demonstrating the agency 

provided in the game. Players’ exercise form improved over the game, indicating the success of 

using exercise form as a game mechanic. All participants reported having enjoyed the game, and 

the majority stated that they would participate in a muscle-strengthening program using Brains & 

Brawn.  

 

Figure 3-1A (left). Strategy Mode: Player controls game using gesture controls.  

Figure 3-1B (right). Combat mode: Player attacks enemy (arrows flying to enemy) while 

exercising. 
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3.1 Brains & Brawn 

 We designed Brains & Brawn, a novel muscle-strengthening strategy card game in the style of 

Hearthstone: Heroes of Warcraft [24] and Pokémon [181], to illustrate how to grant players 

meaningful choices while incenting high quality exercise. Brains & Brawn was developed using 

an iterative design process, starting as a paper prototype that was playtested for balancing and fun. 

The game was then converted to a digital version. Three prototype versions were tested using 

different control schemes: gesture (see Figure 3-1), voice, and mouse. Ultimately, the prototype 

using mouse controls was selected for reliability. 

 Brains & Brawn uses three techniques to enhance agency and meet a prescription: (1) providing 

strategic agency during rest breaks, (2) using player form as a game mechanic, and (3) applying 

illusion of agency around choice of exercises. The game provides two modes of play; strategy mode 

provides strategic agency during rest breaks, and combat mode provides real-world agency during 

exercises. The game rewards exercise form by tying exercise quality to damage/healing amounts; 

 

Figure 3-2. Brains & Brawn user interface. The player has just played an area of effect card 

on the enemy’s acrobat. 
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Figure 3-3. Example of a melee attack card in Brains & Brawn. 

this incents players to choose to exercise well. Finally, Brains & Brawn judiciously provides 

illusion of agency around exercise choice.  

 Brains & Brawn was designed as a turn-based card game to accommodate a slow and controlled 

pace of exercise. The player controls a team of characters with distinct abilities, playing against a 

similar team of AI (artificial intelligence)-controlled characters. Each turn, the player plays a single 

card from their hand, allowing them to attack one or more opponents or to heal one or more allies 

(see Figure 3-2). In strategy card games, combat is typically resolved automatically when a card is 

played. In Brains & Brawn, play of a card requires the player to perform repetitions of an exercise 

displayed on the card (e.g., when using the card in Figure 3-3, the player must perform a set of 

shoulder presses). 

 To meet the required number of exercises to fulfill an exercise prescription, Brains & Brawn 

is designed to end exactly and naturally when a prescribed set of exercises has been performed—

the player has a fixed number of turns to defeat their opponent by reducing all enemy characters’ 
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health to zero. The player has a hand of three face-up cards from which they can choose each turn. 

At the beginning of the turn, if the player has fewer than three cards in their hand, they select cards 

from their choice of character decks. Themed around a circus, each of the player’s characters 

specializes in a specific form of combat — e.g., the strongman specializes in melee combat, the 

clown specializes in spells, and the acrobat in healing.  

3.2 Providing Strategic Agency during Rest Breaks 

 Repetitive-motion exercises involve a repeated pattern of exercise, rest, and then more exercise. 

Rest breaks provide an opportunity for rich gameplay in which players can choose between 

different tactics. Brains & Brawn provides two modes of play, a strategy mode and a combat mode. 

During rest breaks, players enter strategy mode, in which they have full agency in executing an 

attack against the opposing team. Players choose their next card from one of five available character 

decks (see Figure 3-2), choose which of three cards from their hand to play next, and choose which 

enemy to target. Drawing from different decks results in different game actions, including spells, 

melee attacks, ranged attacks, and healing. Giving players a choice of distinct decks to draw from, 

a choice of cards to play from their hand, and a choice of characters to target allows the player to 

use a variety of gameplay tactics.  

 Once a card is played, gameplay enters combat mode, in which the player either fights enemies 

or heals allies (see Figure 3-1). Strategy game elements are hidden and replaced with a mirror image 

of the player captured from a Kinect camera. This allows the player to track their exercise 

performance, aiding in adjustment of form. The player carries out the exercise listed on the card 

they played (e.g., a set of shoulder press exercises with dumbbells.). Once the exercise set is 

complete, the AI team takes a turn, following which the player returns to strategy mode.  

 This use of two modes grants players agency throughout the entire game, providing different 

types of agency during breaks between exercises and while exercising. Providing meaningful 



 

 

43 

 

strategic choices during rest breaks allows the player to concentrate on the game during a time 

when they are not also having to focus on exercise form. During combat mode, however, players 

focus on exercising, and the player’s real-world movements determine the outcome.  

 After each repetition of an exercise performed in combat mode, feedback is provided to 

maintain immersion. Damage or healing is applied, and visual and aural effects show the result of 

the action in real time. Sound effects accompany attacks on enemies and healing of allies; visual 

feedback shows the amount of damage or healing done. This mode provides exciting, real-time 

combat, while incenting correct exercise form by closely binding a player’s movements to game 

consequences. 

3.3 Player Form as a Game Mechanic 

 People can choose how well to perform exercises. Exercising with correct form leads to the 

best improvement in strength, balance, or range of motion. But, people might choose to perform 

exercises poorly because it may be less tiring, because they do not know how to correctly perform 

the exercise, or because they are embarrassed to lift weights that are lighter than those used by 

people exercising around them. 

 In Brains & Brawn, we translate this real-world agency into a game mechanic. Brains & Brawn 

rewards players for the quality of their exercise. Attack damage, healing amounts, and the chance 

of casting spells are bound to exercise form, incenting players to perform exercises correctly. In 

the current implementation of the game, form is evaluated using a Wizard of Oz design. Players 

are led to believe that a Kinect sensor is evaluating form; however, a trainer is using a separate 

application that records form and sends the results to the game. 

 After playing a card, players perform the exercise that is shown on the card (see Figure 3-3). 

The quality with which the exercise is performed determines the effectiveness of the card. Each 

repetition of the exercise does damage or healing based on the player’s form; in the card shown in 
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Figure 3-3, poor form earns 5 points of damage versus the target enemy, while excellent form earns 

20 points. By combining this incentive with real-time aural and visual feedback, the game 

practically, as Mateas describes, cries out for the exercise to be performed well [120].  

3.4 Illusion of Agency around Exercise Choice 

 Repetitive-motion exercise programs provide little to no agency around what exercises are 

performed during workouts. Brains & Brawn shows how the judicious use of illusion of agency 

can mask this constraint. As detailed in 2.4.7, illusion of agency can be provided to enhance 

cinematic experiences or to disguise the fact that there is no real agency. Illusion of agency can 

backfire, however, if players feel that they are being manipulated or tricked. Brains & Brawn avoids 

this problem by combining illusion of agency with real agency around exercise choice. 

 The cards in Brains & Brawn have an exercise component and a game component; for example, 

the card in Figure 3-3 pairs a shoulder press exercise with a “Bite” attack. Players perform the 

exercise displayed on the card, which triggers the game action (e.g., the Bite attack). When players 

draw a card, they get to choose which deck to take it from, influencing the type of game action that 

will be provided. For instance, the acrobat deck has healing cards, and the strongman deck has 

melee attack cards. Thus, drawing a card involves true agency in the form of a strategic choice. 

 This agency does not extend to the exercise component of the card, however. The order of 

exercises is determined at the beginning of the game to ensure the exercise prescription is met. For 

example, if the player is due to receive a bicep curl exercise, then no matter which character deck 

the player draws from, the card will have bicep curl as its associated exercise. The order of the 

exercises drawn is fixed, but players are unaware that no matter what card they draw, that card will 

contain the same exercise. As described by Harrigan et al. and Thompson et al., this gives players 

a perception of agency [78,182], while ensuring that the correct number of sets of each exercise is 

performed over the course of the game. We consider this to be a judicious use of illusion of agency, 
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since the action of drawing a card combines true agency in the choice of attack type with illusion 

of agency in the choice of exercise. 

 In addition, players retain limited agency in which exercise to perform next. When the player 

draws a card, it is placed in the player’s hand. Players choose the next card to be played from one 

of the three cards in their hand. This grants the player some choice in what exercise to perform 

next, among those listed on the cards in their hand. 

3.5 Evaluation 

 We conducted a user study to determine whether the design of Brains & Brawn resulted in an 

engaging game that met the constraints of repetitive-motion exercise. The study addressed the 

following research questions: 

 RQ1: Did our focus on agency lead to players experiencing agency through gameplay? 

RQ2: Will making player form a game mechanic influence the players’ agency toward 

exercising with correct form? 

RQ3: Would players want to take part in a muscle-strengthening program using Brains & 

Brawn?  

 To address these questions, we conducted a study in which participants played the game while 

carrying out a prescribed workout involving four sets of three exercises. 

3.5.1 Demographics and Inclusion Criteria 

 Eight participants were recruited from Queen’s University. Inclusion criteria included being 

17-25 years old, having little to no experience performing muscle-strengthening exercises, and 

being experienced with strategy card games such as Hearthstone [24], Magic: The Gathering [205], 

or Pokémon [181]. Participants were screened for suitability to exercise using the 2014 Physical 

Activity Readiness Questionnaire for Everyone (PAR-Q+) [199]. Participants had a median age of 

21; two were female, and six were male. 
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 Responding to a demographic questionnaire, a majority of participants reported that they did 

not feel that they fit in with other people who train with weights at the gym (5/8), were unfamiliar 

with gym equipment (5/8), found muscle-strengthening exercises boring (6/8), and did not have 

time to start or adhere to a muscle-strengthening program (5/8). All participants reported living 

close to a facility where strength training exercises could be performed and having social support 

for participation in a muscle-strengthening program. No participant reported having bad 

experiences in the past with strength training exercises. Three of eight participants reported they 

were worried about potential injury from performing strength training exercises, two of eight 

reported that they did not find muscle-strengthening exercises important to them, and one 

participant reported that muscle-strengthening exercises are too intense. As people who are largely 

unfamiliar and uncomfortable with strength training, these participants represent the group for 

which Brains & Brawn was designed. 

3.5.2 Procedure 

 The participant filled out a demographic questionnaire and completed the 2014 PAR-Q+ [199]. 

The participant was asked to read a letter of information and sign a consent form. The game was 

demonstrated and described. The participant was informed that during the game four sets of three 

exercises would be performed: bicep curl, shoulder press, and squat. A kinesiologist then instructed 

the participant in how to perform these exercises. These exercises were selected to be representative 

of a beginner’s strength training program and to vary the muscle groups being worked. The 

participant was informed that they had a goal of 8-12 repetitions per exercise. 

 The participant was informed that they could ask questions related to the game or exercises at 

any time. The participant then performed a three-minute warm up by cycling on a recumbent bike 

as preparation for exercise.  
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 The participant performed a total of twelve exercises over the course of the game (see Figure 

3-1). Players’ combat effectiveness was based on the quality of their exercise form. Participants 

were led to believe that form was assessed automatically by the game. In fact, a kinesiologist 

evaluated form and entered it into the game using an interface on a tablet computer connected to 

the game via a wireless network. Form was rated on a scale of one of four. Exercise statistics, 

including the form rating, was logged for every repetition of each exercise during the game. 

 Upon completion of the game, the participant performed a two to three-minute cool-down by 

either walking or cycling on a recumbent bike. We then conducted a semi-structured interview to 

obtain participants’ impressions of the game. Finally, the participant completed an affective attitude 

questionnaire [150] to gauge the likelihood of their playing such a game in the future were it 

available to them. 

3.5.3 Measures 

 The semi-structured interview addressed whether the participant enjoyed the game, whether 

the game incented the participant to focus on correct exercise form, what tactics they used, and 

whether they would participate in a strength training program that uses this game. Interviews were 

approximately three to five minutes in length. 

 Participants completed Rhodes’ affective attitude questionnaire [150], based on Ajzen’s theory 

of planned behavior (TPB) [5]. This questionnaire has been applied to both general exercise 

[144,146] and exergaming [150]. The theory of planned behavior suggests that people’s behavior 

is influenced by their attitudes toward the behavior, their subjective normative beliefs, their 

perceived behavioral control, and their intention to carry out the behavior [5]. The questionnaire 

consists of twenty, 7-point Likert-scale questions assessing these influences. Participants played 

the game once, but using the standard affective attitude questionnaire, questions were phrased in 

terms of using the game over the next six weeks. 
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 RQ1 was addressed by the semi-structured interview. RQ2 was addressed primarily by the 

semi-structured interview and by quantitative analysis of game logs that recorded the form for each 

repetition of every exercise. RQ3 was addressed primarily by Rhodes’ affective attitude 

questionnaire [150]. The affective attitude component of Ajzen’s theory of planned behavior was 

further addressed by the post-game interview questions, “Did you enjoy the game,” and, “Do you 

feel this game would make strength training more fun or more approachable?” The intention 

component was further addressed by the semi-structured interview question, “Do you feel that you 

would participate in a strength training program that used this game?” 

3.6 Results 

 Our results showed that players experienced agency through gameplay (RQ1). Players chose 

to exercise with correct form (RQ2). Also, players had positive attitude, perceived behavioral 

control, and intention toward Brains & Brawn (RQ3). In the subsections that follow, statements are 

based on a majority finding of participants, while individual quotes are used to illustrate. 

3.6.1 RQ1: Players Experienced Agency during Gameplay 

 In addressing RQ1, our semi-structured interviews revealed that players experienced agency 

during gameplay. As we have argued, agency separates passive entertainment, such as reading a 

book, from active engagement. Thus, to experience agency, players should believe they are active 

participants in a game. The interviews revealed this to be the case.  

 For instance, P8 stated, “[I]t actually looks like a game. So, I’m not feeling that I’m doing some 

exercise; I’m feeling I’m playing some game to beat my opponent.” Also, P3 and P4 placed Brains 

& Brawn in the same genre as other strategic card games. P4 noted, “I like the whole setup of the 

game. It's kind of like Yu-Gi-Oh. It's just really fun.” P3 noted that she liked the game because, “I 

like card games.” 
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 Agency was also illustrated through strategic differences between players. The interviews 

showed that players were actively engaged in game decisions, deployed a variety of strategies 

during gameplay, and looked forward to deploying other strategies. P6 detailed his gameplay 

strategy: “My strategy was get rid of their healer first, and then attack the back line, and then worry 

about the front line.” However, he might change that strategy on a second play of the game, 

indicating that “playing it through a second time I would have a better idea of which characters can 

do what.” Other players were thinking of how they would change their strategy in future play. P3 

stated, “[I]f I played again, I’d probably use the clown a lot more.” This contrasts with P4’s play 

style, who said, “I wouldn’t use the poison one, the clown, for instance.” 

 Because players have a choice of three cards to play from their hand, each of which had an 

associated game action and exercise to perform, we were also interested in whether players’ choice 

of what card to play next was driven more by gameplay concerns or by the exercise they would 

need to perform to play the card. This would give a sense of how immersive they found the game 

and how important they found strategic decisions to the game’s outcome. For instance, favouring 

game actions over exercise likely indicates immersion in gameplay. 

 We discovered that while game objectives factored dominantly into players’ strategies, the 

exercise required sometimes played a role. P2, P3, and P5 reported that they based strategy 

primarily on game objectives. P3 explained that he “wanted to win the game. I wasn’t really looking 

at the exercises until I was doing them.” P5 only used the game objectives to form a strategy, and 

the exercise was seen as a bonus instead of a deterrent. P5 reported, “The in-game stuff was what 

I was thinking about mostly, and then, whichever exercise on the card that I drew was an added 

bonus, like, if it was one that I thought I was better at.” P4, P6, and P7 used the game objectives to 

form a strategy, but exercise played a larger role, particularly when deciding between two cards. In 

this case, P4 reported that, “I would just do the one that was least tiring because maybe I did squats 
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for fifteen reps, and I don’t want to do that again”. No participant reported basing strategy solely 

on the required exercise. 

3.6.2 RQ2: Players Chose to Exercise with Correct Form 

 People have real-world agency in how they perform exercises. External factors, including 

social factors such as being a novice to strength training surrounded by expert bodybuilders in a 

gym, can influence whether they choose to perform them safely. One of our primary goals with the 

development of Brains & Brawn was to incent players toward correct exercise form, influencing 

agency in a way that was compelling instead of a deterrent to gameplay. We exploited players’ 

real-world agency by making player form a game mechanic in Brains & Brawn. We hypothesized 

that binding healing/damage amounts to exercise quality would incent players to use correct form. 

We further conjectured that combining this with real-time aural and visual feedback to the player 

would, as Mateas describes [120,200], cry out for players to exercise safely.  

 Our primary source of evidence for RQ2 was the semi-structured interviews, which supported 

our conjectures. We asked participants if they felt the game helped them focus on their form. All 

participants reported that the game incented them to exercise correctly. P6 reported that “with the 

audio and the visuals, seeing live if you need to improve on your form, I think that live feedback 

was really good.” P1 noticed that some exercise forms would earn more damage, “and I tried to fix 

[exercise form] in the same exercise, in the same attack.” P3 “wanted to do more damage so I could 

win.” P7 recognized that “I didn’t bend my knees for one of them and as soon as I bent my knees, 

I did the most [damage].” 

 While the semi-structured interview is our primary source of evidence that players were 

incented to exercise with correct form, exercise form was also rated for each repetition by a 

kinesiologist and recorded in game log files. A simple linear regression was calculated to predict 
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Figure 3-4. Graph of all participants’ form ratings in a single play of the game shows that 

exercise form improved over time. 

exercise form based on repetitions performed over time. A significant regression equation was 

found (F(1,150) = 155.45,  p < .01), with an R2 of .51 (see Figure 3-4). The results of this regression 

imply that the players’ desire to improve their form did indeed lead to improved form. 

3.6.3 RQ3: Players Had Positive Beliefs and Intention  

 Our results lend credence that players experienced agency during gameplay and were incented 

to exercise with correct form. But, players should also find the game engaging and want to take 

part in a strength training program using Brains & Brawn. Rhodes’ affective attitude questionnaire 

and semi-structured interviews were used to address RQ3, with promising results. The distribution 

of responses to the questionnaire is shown in Figure 3-5, using Robbins’ diverging stacked bar 

charts visualization [157]. 

 Participants’ mean affective attitude was 5.4 (SD = 1.0), moderately positive, indicating that 

they believed it would be enjoyable to play the game over a six-week period. Instrumental attitude 

was 5.4 (SD = 1.1), indicating that they felt they would benefit from playing Brains & Brawn. 

Participants also had positive perceived behavioral control (M = 5.8, SD = 1.6, see Figure 3-5), 

indicating that they believed they could exercise using the game if they wanted to, an important 

component in starting an exercise program [26]. Finally, participants had slightly-to-moderately 

positive intention, the belief that an individual will or will not enact a behavior, with a mean of 4.9 

(SD = 1.6) [5].  
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Figure 3-5. Results of TPB components. 

 In the post-game interviews, all eight participants reported that they enjoyed the game, and a 

majority of participants reported they would take part in a strength training program that involved 

Brains & Brawn. Participants highlighted that they enjoyed combining exercise with a game. P2 

enjoyed the combination of strategy and exercise, stating that she liked the fact that “I used my 

brain and have to exercise.” P4 said, “It’s good because it integrates exercise with a game.” Given 

that the majority of participants reported having time for strength training, the results indicate there 

is strong potential for using Brains & Brawn as an exergaming approach to muscle-strengthening. 
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3.7 Key Takeaways for Designers 

 Our consideration of agency in the development of Brains & Brawn has led to four takeaways 

for designers of repetitive-motion exergames. The timing of agency is important; designers should 

consider what type of agency is appropriate during and between exercises. Physical movement 

should be decoupled from avatar movement. Agency can be used as a mechanism to incent good 

form, reducing the risk of injury. And, illusion of agency can be combined with real agency. 

3.7.1 Consider the Timing for the Types of Agency Provided 

 Repetitive-motion workouts are comprised of periods of exercise, then rest, then exercise. But, 

it is difficult for people to perform cognitive tasks while actively exercising [97]. Granting players 

strategic agency would be inappropriate while they are actively exercising because they would have 

to divide their attention between strategizing and performing the exercise safely. Conversely, a fast-

paced game would be inappropriate during rest breaks.  

 Brains & Brawn identifies two types of agency to enable meaningful gameplay both during 

and between exercises. While the player is exercising, Brains & Brawn acts as an action game, 

where a player’s real-world movement is integral to the game’s outcome. Between exercises, 

players are granted agency by allowing strategic decisions to be made. Results addressing RQ1 

indicated that players experienced agency during play.  

 Since the type of agency changes during gameplay, repetitive-motion exercises might be best 

embedded in games where there are natural changes of activity. For instance, turn-based games 

include transitions that naturally support downtime after the player’s turn; examples include board 

games, card games, and turn-based role-playing games. 

3.7.2 Decouple Physical Movement from Avatar Movement 

 Each of the rehabilitation games we examined in 2.4.6 makes use of a mapping between the 

player’s physical movement and movement of an avatar, some going to great lengths to ensure this 
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mapping works appropriately for each player [6,7,69]. While this might have been appropriate for 

their games, such a mapping can be unsafe or inappropriate for many exercises, such as bicep curls, 

bent-over rows, and deadlifts.  

 In exercises involving basic movement patterns (e.g., bend-and-lift, single-leg, pushing, 

pulling, and rotational), this can also be unnecessarily limiting. Mapping avatar movement to a 

wide variety of exercises would require many calibrations and customizations to account for 

varying abilities. It would likely require developing several vastly different games to account for 

the different ways each body segment moves. Also, in rehabilitation programs, the body segment 

being mapped is weakened; thus, the mapped movement will be imprecise, making it a design 

challenge for each game developed using this mapping as a mechanic. 

 Removing the need to couple physical movement to avatar movement opens the space of 

possible designs, leading to design where physical movement is linked to game outcomes. Despite 

the link being less direct, we found in our study that participants clearly understood the 

consequences of their physical actions and, as our results showed for RQ2, even modified their 

movements to be awarded with the highest attack/healing amounts. 

3.7.3 Exploit Agency to Improve Form, Prevent Injury 

 People have real-world choice in how well to perform exercise; in gym settings, many people 

choose to perform them poorly. This real-world agency can be exploited to have in-game 

consequences, with the dual benefit of increasing players’ perception of control and incenting 

correct form. But, games should go beyond simple extrinsic rewards for correct movements (e.g., 

simply being awarded points). Several commercial games, such as Ubisoft’s Your Shape: Fitness 

Evolved [190], only provide simple extrinsic rewards for correct form, and these do not typically 

feel like games.  
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 In Brains & Brawn, correct exercise form is integral to the game’s outcome. Brains & Brawn 

rewards exercise quality with higher damage amounts on opponents, higher healing amounts on 

teammates, and greater chances of spells taking effect. Our study showed that this incentive worked 

well; results from semi-structured interview questions answering RQ2 indicated that players 

wanted to perform the exercise well so that they could win the game.  

 Similarly, many game genres can reward quality of exercise in a way that is integral to the 

game’s outcome. Fighting games could increase character health between bouts. Racing games 

could repair more damage to cars in pit stops. Role-playing games could reward players with more 

experience for completing quests. Resource management games could grant quicker resource 

collection. 

 Brains & Brawn provides a mirror image of players’ movements, along with real-time feedback 

of how well players are performing the exercise. Results of answering RQ2 showed this was 

sufficient to improve form over time. But, it is possible to go further and give feedback on how to 

improve form. Mueller et al. suggest celebrating the joy of movement and how well players are 

articulating the correct movement [129]. Lyons advocates displaying visual feedback related to 

movement accuracy (e.g., placing color-coded lines over the player’s limbs) and consistency (e.g., 

placing a glowing outline around the player’s body) [110]. 

3.7.4 Illusion of Agency Can Be Combined with Real Agency 

 Illusion of agency may be provided to meet the exercise constraints, but its use should be 

carefully crafted so that it does not diminish the game experience. Seeing through the illusion can 

change the way players interact with the game. For example, in the speech-controlled version of 

Façade, players discovered they could not ask questions to game characters in a natural speaking 

manner [51]. One player said he consciously used a simpler manner of speaking: “I was training 

myself to be a little more simple with my speaking… less long sentences… or one or two word 
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responses.” [51]. In the worst case, discovering that choices are meaningless can lead to grave 

disappointment, like how all choices led to a single ending in the Mass Effect trilogy [202].  

 This problem can be mitigated by combining real agency with illusion of agency. This 

combination allows players to make meaningful decisions regardless of whether the illusion is 

present. We combined illusion of agency with real agency in Brains & Brawn. Illusion of agency 

solely affects exercise choice and does not limit game options. If, at some point, players discover 

the illusion, they still maintain agency in formulating and executing a strategy. 

3.8 Conclusion 

 The constraints of repetitive-motion exercise make it difficult to develop a game that allows 

players to make interesting decisions. These include exercising at a slow and controlled pace, 

performing exercises with a precise form, and fulfilling an exercise prescription. Existing 

repetitive-motion exergames exhibit this lack of agency, providing players few meaningful choices.  

 We provided four key takeaways for designers to use agency to overcome limitations in these 

games. First, designers should consider the types of agency that can be provided during and 

between exercises. Next, physical movement should be decoupled from avatar movement. 

Designers should exploit agency by making player form a game mechanic to incent exercising with 

correct form. Finally, designers may provide illusion of agency, but this should be combined with 

real agency so that players have meaningful options even if they see through the illusion.  

 We implemented these methods in the development of Brains & Brawn. Initial playtesting 

showed that players experienced agency and were incented to exercise with good form. They 

enjoyed the game, and the majority of participants reported that they would take part in a muscle-

strengthening program using the game. 
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Chapter 4 

Adherence Behaviours in the Liberi Exergame 

 Chapter 3 examined how to introduce agency through the game mechanics of exergames. But, 

people have another, more fundamental form of agency, the choice of whether to play an exergame 

at all and for how long, how hard, and how often. Past exergaming studies have suffered from short 

mean play durations and play session durations, with play sessions typically lasting five to ten 

minutes [37,45]. This suggests that people may not be willing to engage in exergames for sufficient 

durations to accrue health benefits [45]. In addition, adherence to exergaming interventions tends 

to decline over time [16], which is also a major health concern to exercise in general [27,48]. 

Therefore, in this chapter, we explore people’s fundamental form of agency—adherence 

behaviour—by examining the choices players make when they have full agency in an exergame.  

 We conducted a two-arm, nonrandomized control trial that compared exergaming adherence 

behaviours of seventy children in a multi-player suite of mini-games, Liberi [81,82,99], to single-

player versions of the same games (see Figure 2-2). Children played for six weeks in a home 

environment. To overcome the short play durations found in past studies, we released new games 

throughout the trial. Previous research has found that a single game may become unappealing, 

while incorporating multiple games in a trial may minimize the effect of over-familiarization 

[37,72,114,210]. We describe the trial and overall adherence behaviours in this chapter. Chapter 5 

explores agency through the lens of social play by examining the social behaviours of the trial, 

comparing multi-player to single-player adherence behaviours and examining players’ choices in 

the multi-player condition in detail.  

 This trial provided us with an opportunity not only to study exergaming adherence behaviours, 

but also to overcome a common limitation of current exergaming studies. As a broad critique of 

studies in this area, exergame trials involving children have generally suffered from a limitation of 
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measuring play duration through self-report methods [72,114,122,132]. For instance, Graves et al. 

and Mhurchu et al. each compared play duration between children that either received an active 

video game package or no intervention. Play duration in these studies was estimated via self-report 

using activity logs [72,122]. In each of these studies, control groups were given no active video 

games, but self-reported play duration data indicated high levels of active video game play. For 

instance, Graves et al. stated that active video gaming for the control group at baseline was about 

an hour per day [72]. Given the control groups were not given active video games to play, it is 

unclear what games the control groups were playing. Chin A Paw et al. [37] performed a pilot study 

involving twenty-seven children that also suffered from a limitation of using self-report measures 

of gameplay. 

 Our study had three primary outcome measures. Each outcome objectively measured how 

participants chose to use their fundamental agency. The outcomes were measured through 

gameplay logs that recorded activity for every second the game was loaded. Current guidelines 

suggest children participate in sixty minutes of daily moderate-to-vigorous physical activity [184], 

and exergame play sessions have been critiqued for being too short in duration to provide health 

benefits, typically ranging from five to ten minutes [37,45]. Therefore, our primary outcomes 

measured how long and how often participants chose to play an exergame. Our first primary 

outcome was play session duration, our second primary outcome measure was weekly play 

duration, and our third primary outcome measure was play frequency. Consistent with prior 

exergame research, we hypothesized that play session duration and weekly play duration would 

wane significantly over time [37,45,72]. As we shall see, adherence did wane over time, but play 

session duration and weekly play duration were much higher than in prior research. Play session 

duration was especially promising, averaging over thirty-five minutes during each week of the trial. 

 Our secondary outcome, play intensity, measured how vigorously participants chose to play an 

exergame. Play intensity was measured by recording heart rate during gameplay. We did not have 
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an a priori hypothesis on how play intensity would differ between groups. However, we did have 

an a priori hypothesis of overall play intensity. We hypothesized that, consistent with prior 

research, overall play intensity would be in the light-to-moderate range [21]. As an additional 

secondary outcome, we measured total physical activity at baseline and six weeks to see if using 

their agency to play the exergame led to players choosing to reduce physical activity in other aspects 

of their lives. Total physical activity was recorded via self-report. We had no a priori hypothesis 

regarding total physical activity. 

 Granting players full agency in an exergame might afford players the opportunity to avoid or 

minimize the exercise performed. The game we trialed, Liberi, included a central area outside of 

the mini-games that granted agency to be idle or relax. Therefore, we measured inactive and active 

play duration as exploratory outcomes. We had no a priori hypothesis regarding inactive or active 

play duration. 

4.1 Materials and Methods 

 In the following sections, we discuss the inclusion criteria, recruitment process, and design of 

the study. 

4.1.1 Inclusion Criteria 

 Eligibility criteria included having at least one parent/guardian over eighteen years of age 

willing to participate in the study, being between nine and twelve years old, not meeting physical 

activity guidelines as outlined by the Canadian Society for Exercise Physiology [184] , not having 

a developmental disorder or disability, and having high-speed Internet access. Compliance with 

current guidelines was determined by parent self-report during recruitment, and child self-report 

during the study. Children aged 9-12 were chosen because this is an age in which children can 

physically use the bikes [117]. In addition, games were designed for a late elementary school level 

and might not be as suitable for a mature audience. 
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4.1.2 Recruitment 

 Participants were recruited using advertisements placed at elementary/middle schools, cub 

scouts/brownies, recreation centres, health care centres, children's recreation classes, shopping 

malls, and online sites Facebook and Kijiji. We also recruited through snowball sampling, in which 

families of previous participants were offered a $25 CAD honorarium. 

4.1.3 Design 

 The study consisted of five waves of six-week trials in two mid-size cities in Canada, Kingston, 

Ontario and Victoria, British Columbia. The five waves of trials ran from January 2014 to 

December 2014. The trial employed a two-arm, nonrandomized control trial design. Assessors were 

not blinded, and due to the characteristics of the study, participants and care-givers were not blinded 

to study condition. Participants were blind to the fact that there was a second condition being 

studied (e.g., participants in the multi-player condition were unaware that there was a single-player 

condition). During each wave, the two sites trialed opposing conditions; when participants in the 

first site were in the multi-player condition, participants in the second site were in the single-player 

condition, and vice versa.  

 Several factors made randomization impractical for the trial. The trial was held at two sites; 

standardizing equipment for the trial meant that equipment was procured for each home (i.e., 

existing computers or exercise bicycles in the homes were not used); and online supervision by 

game monitors was necessary to troubleshoot hardware and software issues during game sessions. 

Double the amount of equipment and number of game monitors would have been required to 

randomize participants to different conditions at each location. Running a nonrandomized control 

trial made it possible to compare similarly-sized groups and ensured that each site would trial both 

multi-player and single-player conditions. 
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 Open session exergaming took place 5 days per week for 90 min in the early evening with 

online supervision of the Liberi cycling game system. Weekly bike use was objectively recorded 

via system log-in and play duration. Total physical activity, including activity performed outside 

the game, was recorded via self-report. The study was granted ethical approval from the University 

of Victoria Human Research Ethics Board and Queen’s University Health Sciences and Affiliated 

Teaching Hospitals Research Ethics Board. Prior to study commencement, the trial was registered 

at www.clinicaltrials.gov (identifier NCT02032667). 

4.1.4 Intervention 

 In the next sections, we discuss the games we trialed, the equipment used during the trial, the 

experimental conditions, how the game was monitored, and the study procedure. 

4.1.4.1 Liberi 

 Liberi is a validated exergame originally developed using a participatory and iterative design 

approach to provide a moderate-to-vigorous intensity exercise stimulus for children with cerebral 

palsy [81,82,206]. It is a networked, cycling-based game that grants players agency to meet up, 

play together, and communicate with one another. Liberi contains a central plaza (island) that gives 

access to six different mini-games. The games are balanced to support differing player abilities and 

to support a variety of play styles. To promote long-term adherence, the central plaza also contains 

shops where players can choose to purchase costumes for their avatars and upgrade their weapons 

using coins collected by playing the games. Originally, the games were only capable of being 

played with real players, but for this study, AI opponents were developed to allow for solitary play. 

 Liberi consists of six mini-games; two are displayed in Figure 2-2A, Gekku Race and Dozo 

Quest. Players compete against each other or against artificial intelligence opponents in the racing 

game, Gekku Race. In Dozo Quest, the goal is to traverse a maze and defeat or avoid opponents 

along the way, ultimately facing a boss at the end of the maze. Other games include Biri Brawl, 
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which pits players against each other or against artificial intelligence opponents in a fast-pace 

fighting game. In Wiskin Defence, players attempt to defend Wiskins (rabbit-like creatures) while 

defeating wave after wave of increasingly tougher enemies. In Bobo Ranch, players lasso floating 

sheep with the goal of pulling the sheep into a barn. Finally, Pogi Pong is a space hockey game, in 

which players attempt to knock a star past the opponent’s goal. 

4.1.4.2 Equipment 

 As shown in Figure 2-2B, participants played games using a Microsoft Surface Pro 2 tablet that 

was attached to a Vision Fitness R10 recumbent bike. To play games, participants had to pedal the 

bike. A YEI Bluetooth Sensor was attached to one of the pedals of the bike and sent gyroscopic 

data to the games in order to make in-game characters move. To control the direction of characters 

and perform in-game actions, participants used a Logitech F710 wireless gamepad. In order to talk 

to other players and hear in-game audio, participants wore a Logitech wireless headset while 

playing. Participants also wore a Garmin Soft Strap Premium Heart Rate Monitor, which sent heart 

rate data to the games. 

4.1.4.3 Experimental Conditions 

 The experiment consisted of two conditions, a multi-player condition, and a single-player 

condition. In the multi-player condition, participants had agency to play against or cooperate with 

each other and AI opponents. Players in the multi-player condition were connected by a network 

from home, could see other player’s avatars in the game, and could speak to one another using 

headsets. In the single-player condition, participants could only play against or cooperate with AI 

opponents. For each participant’s play session, the game kept a log that included the current time 

and date, the mini-game being played by the participant, how many total players were in the mini-

game being played by the participant, the participant’s cadence, and the participant’s heart rate. 

This granted us the ability to measure how long, how hard, and how often players chose to play. 
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4.1.4.4 Monitoring 

 During each 90 min play session, game monitors were available to troubleshoot any issues that 

players had with hardware or software, to log significant gameplay events (e.g., which players were 

playing what games), and to ensure children were not acting or speaking to one another in an 

inappropriate manner. Game monitors could be phoned by the participants or contacted through 

text messages on Skype. Monitors were provided with software that allowed them to view the 

activity and avatars of any participant currently logged into the game and provided them with 

commands to aid in troubleshooting the game. Game monitors were not permitted to play the games 

with the participants. 

4.1.5 Procedure 

 Prior to study commencement, parental consent and child assent were obtained. Participants 

completed the Physical Activity Readiness Questionnaire for Everyone (PAR-Q+) to screen for 

pre-existing health conditions that may be exacerbated with exercise [199]. Once deemed eligible 

to participate, an orientation session was held at the participant’s home, which included the delivery 

of a recumbent bike, game controller, headset, tablet, and the Liberi game. The parent or guardian 

then completed a demographics questionnaire. The parent or guardian assisted the child in 

completing the Physical Activity Questionnaire for Children (PAQ-C) [44,153]. 

 Participants played the games for six weeks. Two games were initially available to play during 

the first week of the trial. As we stated in 1.1, one of the main problems we are addressing in this 

thesis is that it is challenging to motivate people to play and keep playing an exergame. To foster 

motivation, a new game was released on weeks two, three, four, and five. By the sixth week, there 

were six mini-games available to play. The order and timing of which games were offered was 

standardized across study conditions and locations. In both conditions, the games were open for an 

hour and a half block of time each weekday, scheduled at a time that was agreed upon by all families 
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during orientation. Channeling players to a fixed block of time allowed the game to be easily 

overseen by game monitors and increased the chance of finding other people to play with in the 

multi-player condition. No specific exercise prescription was assigned, but the participant was told 

to play the game as frequently as they could. The parent or guardian was informed about how the 

recumbent bike works, how to contact game monitors for troubleshooting, and when games would 

be available, but they were not told to encourage the child to play. 

4.1.6 Primary Outcome Measures 

 We had three primary outcome measures: play session duration, play duration, and play 

frequency. These outcomes measured the choices players made to play or not play an exergame, 

and for how long and how often.  

4.1.6.1 Play Session Duration 

 Each participant’s mean play session duration was calculated by dividing the total minutes the 

participant played in a week (play duration) by the number of days the player played that week 

(play frequency). The methods in which play duration and play frequency were measured is 

discussed in the next two sections. 

4.1.6.2 Play Duration 

 Play session logs were used to calculate play duration. The logs recorded every second of play, 

measured objectively using a sensor that determined whether a player was pedaling the recumbent 

bike. Weekly play duration was determined by accumulating the number of seconds of play 

recorded by the logs. Any interruption in play, such as if a child had played, stopped playing, and 

played again within the same session was not accumulated in the calculation of play duration 

because the cadence sensor was not active during this interruption. 
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4.1.6.3 Play Frequency 

 Participants were considered to have played on any day in which they logged into the game 

and performed any amount of pedaling. The number of days a participant played each week were 

summed to determine a participant’s play frequency for that week of the study. 

4.1.7 Secondary Outcome Measures 

 Players also have agency to choose how vigorously to play an exergame. Therefore, as a 

secondary outcome, we measured play intensity. In addition, it is possible that if players choose to 

play the exergames, they might also choose to reduce or omit physical activities they were 

participating in before the intervention. Thus, we also measured total physical activity at baseline 

and six weeks to determine displacement in physical activity. 

4.1.7.1 Play Intensity 

 Participants wore a Garmin Soft Strap Heart Rate Monitor during gameplay. For each second 

of gameplay, play session logs recorded the participant’s heart rate. Heart rate was converted to 

moderate-to-vigorous physical activity (MVPA) minutes using methodology suggested by the 

American College of Sports Medicine (ACSM) [8]. While there are other methods to calculate 

MVPA, research has shown that maximal heart rate is stable throughout childhood and adolescence 

at approximately 200 beats per minute (bpm) [57,161]. Therefore, a single cut-off value of 200 

bpm for maximum heart rate was used for calculating MVPA for all participants, and minutes above 

128 bpm (64% of maximum heart rate) are reported, which corresponds to the lower bound for 

moderate physical activity according to the ACSM. 

 When the heart rate monitor was not working properly, heart rate was simulated during 

gameplay. Simulated heart rate data were not included in the analysis. However, removing the data 

completely would result in underreported MVPA minutes. Instead, it was assumed that the 

distribution of participants’ heart rate data would remain consistent throughout the trial. Thus, in 
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the results section, mean minutes above 128 bpm is scaled by a factor of total minutes played 

divided by valid heart rate minutes played, where total minutes played is the minutes played by all 

participants during the trial. Valid heart rate minutes played was calculated by removing minutes 

of gameplay in which heart rate was simulated from the total minutes played. Similar to Jago et al., 

valid heart rate data also excluded heart rate values <50 bpm or >210 bpm [93]. 

4.1.7.2 Total Physical Activity 

 Total physical activity was measured using the Physical Activity Questionnaire for Children 

(PAQ-C) and collected at baseline and at six weeks. The PAQ-C is a validated, self-report seven-

day recall physical activity measure, consisting of nine items that are used to calculate summary 

activity scores [44,153]. Each PAQ-C item is scored on a five-point Likert scale, in which higher 

scores indicate higher levels of physical activity, and is operationalized in terms of activity 

performed in the past seven days. Measures derived from this instrument have been found to 

demonstrate acceptable reliability as well as convergent validity in relation to objective measures 

of physical activity. 

4.1.8 Exploratory Outcome Measures 

 We had two exploratory outcome measures, inactive and active play duration, that we measured 

to determine if players chose to avoid or minimize the exercise performed while playing Liberi. 

4.1.8.1 Inactive and Active Play Duration 

 There is an assumption that when players are in games, they are being physically active because 

the games require participants to pedal the bike to play. But, Liberi contains a large environment 

connecting the games, where players can socialize and shop. This grants them the opportunity to 

be idle, since socializing and shopping do not require players to pedal. We defined the duration 

players were in Liberi but not pedaling as inactive play duration, a variable we examined to ensure 
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players were not spending large amounts of time inactive. Conversely, we defined the duration 

players were pedaling in Liberi as active play duration.  

4.1.9 Sample Size Determination 

 G*Power 3 was used to conduct a priori power analysis to determine the total sample size 

necessary for the study. Power analysis was based on our primary research question regarding play 

duration. Power analysis for a repeated measures ANOVA (analysis of variance) showed that a 

sample size of fifty children (25 per group) would be required to detect a medium effect size 

(f2=.15) with a type one error of .05, a mean correlation of .75 across time, and 80% power [38,59]. 

Our sample size considered the main 2 (group) x 6 (time) repeated measures design with a potential 

15% attrition rate. 

4.1.10 Statistical Analyses 

 Statistical analyses were performed using SPSS version 24.0 [90]. All statistical tests were two-

tailed and maintained a 5% confidence level. Repeated measures ANOVA using a six-level within-

subjects factor of week and a between-subjects factor of condition were performed on play duration, 

play frequency, and inactive play duration. The weekly proportion of play duration that was 

inactive and active play is also reported. Welch’s unequal variances t-test was performed on mean 

play session duration and intensity. Repeated measures ANOVA using a two-level within-subjects 

factor (pre-test, post-test) was performed on total physical activity. 

4.2 Results 

 In the following sections, we discuss the study assessment and allocation of participants.  

4.2.1 Participant Flow 

 Ninety-seven children were assessed for study eligibility. Twenty-five children were deemed 

ineligible due to not meeting the study’s inclusion criteria (see Figure 4-1). Seventy-two 
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participants were deemed eligible. At Site 1, 40 participants were eligible; 16 were assigned to the 

single-player condition, and 24 were assigned to the multi-player condition. At Site 2, 32 children 

were eligible; 16 were assigned to the single-player condition, and 16 were assigned to the multi-

player condition. Two participants were lost to dropout. One was due to the participant becoming 

frustrated that study equipment did not work. The other was due to unhappiness on the family’s 

part with the need to modify home networking infrastructure to accommodate the intervention; this 

was deemed a serious adverse event related to the study intervention. These participants were not 

included in analyses. A second adverse event occurred in which a participant complained that 

inappropriate language was used by another participant. This adverse event was resolved, and this 

participant’s data were included in analyses. Seventy participants were included in the analyses. 

 

Figure 4-1. Participant flow. 
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Table 4-1. Baseline demographic profile. 

Characteristic Single  
Player 

(n = 32) 

Multiple 
Players 
(n = 40) 

p-value Effect 
Size 
(ηp

2) 
 
Child Profile 
Mean Age (year) (SD) 10.16 (.88) 10.38 (1.05) .34 .01 
% Female (SD) 28.13 (45.68) 45.00 (50.38) .14 .03 
Mean BMI (SD) 20.49 (4.15) 20.85 (5.08) .74 < .01 
% Regular Video Game Players (SD) 83.33 (37.90) 79.49 (40.91) .69 < .01 
Physical Activity (PAQ-C) Mean (SD) 1.35 (.14) 1.36 (.29) .77 < .01 
Video Games (min/day) (SD) 78.60 (96.07) 68.17 (51.23) .61 < .01 
Computer Games (min/day) (SD) 55.86 (45.35) 61.11 (36.49) .66 <.01 
Tablet/Phone Games (min/day) (SD) 52.78 (46.97) 52.19 (29.32) .95 <.01 
Total Game Usage (min/day) (SD) 193.20 (188.04) 181.47 (84.41) .82 <.01 

Note: p-values were calculated using independent-samples t-tests. 
 

4.2.2 Baseline Characteristics of Participants 

 Baseline characteristics of the participants can be found in Table 4-1. There were no significant 

differences among the groups on demographic or health-related variables, supporting the 

nonrandomization procedure. Children had a mean age of ten years, about two-thirds were male, 

and about four-fifths were regular video game players who played video games for approximately 

one hour and fifteen minutes per day. 

4.2.3 Primary Outcomes 

 Results from our three primary outcome measures of adherence behaviours—play session 

duration, play duration, and play frequency—are presented in the following sections. 

4.2.3.1 Play Session Duration 

 Mean play session duration was 37.65 (SD = 15.39) min/day. As shown in Figure 4-2A, mean 

play session duration was M = 40.97 (SD = 15.50) min/day in week 1 and M = 35.57 (SD = 13.55) 

min/day in week 6; the decrease was significant across time; t(135) = 2.20, p = .03, ηp
2 = .03. 
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Figure 4-2A (left). Weekly mean play session duration (min).  

Figure 4-2B (right). Weekly mean play duration (min). 

4.2.3.2 Play Duration 

 A participant could play for a maximum of 450 minutes per week. Mean play duration was 

103.45 (SD = 68.57) min/week. Displayed in Figure 4-2B, mean play duration was 133.45 (SD = 

81.27) min in week 1. In week 6, mean play duration was still 77.23 (SD = 84.09) min. Mauchly’s 

test indicated that the assumption of sphericity had been violated (χ2(14) = 35.14, p < .01). Degrees 

of freedom were corrected using Huynh-Feldt estimates of sphericity (ε = .90). Mean weekly play 

duration declined significantly across time [F(4.52, 307.4) = 9.61, p < .01, ηp
2 = .12]. 

4.2.3.3 Play Frequency 

 A participant could play for a maximum of 5 days per week. Mean play frequency was 2.77 

(SD = 1.21) day/week. Mean play frequency, as displayed in Figure 4-3, was 3.27 days in week 1 

and 2.20 days in week 6. The assumption of sphericity was violated (χ2(14) = 31.06, p < .01). Thus, 

degrees of freedom were corrected using Huynh-Feldt estimates of sphericity (ε = .92). Mean 

weekly play frequency declined significantly across time [F(4.58, 311.7) = 7.83, p < .01, ηp
2 = .10]. 



 

 

71 

 

 

Figure 4-3. Weekly mean play frequency (day/week). 

4.2.4 Secondary Outcomes 

 In the following sections, we present the results from our two secondary outcome measures, 

play intensity and total physical activity. 

4.2.4.1 Play Intensity 

 Heart rate was simulated (e.g., due to a non-working heart rate monitor) for 8.82% of the total 

duration played. Overall mean heart rate was M = 117.46 (SD = 10.90) bpm. Mean heart rate was 

M = 122.67 (SD = 10.84) bpm in week 1 and M = 111.93 (SD = 8.00) bpm in week 6. The decrease 

in mean heart rate was significant across time; t(126) = 6.67, p < .01, ηp
2 = .24. Players spent a 

mean of M = 27.97 (SD = 39.30) min/week in the moderate-to-vigorous intensity range. Mean 

MVPA min was M = 49.15 (SD = 48.62) min in week 1 and M = 11.08 (SD = 25.85) min in week 

6. The drop in MVPA min was significant across time; t(105) = 5.79, p < .01, ηp
2 = .20. Players 

spent a mean of M = 10.26 (SD = 14.42) min/day in the moderate-to-vigorous intensity range.  
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4.2.4.2 Total Physical Activity 

 Total physical activity was significantly higher at six weeks (M = 2.63, SD = .69) compared to 

baseline (M = 2.37, SD = .61) [F(1, 52) = 7.44, p = .01, ηp
2 = .13].  

4.2.5 Exploratory Outcomes 

 Results from our exploratory outcomes, inactive and active play duration, is presented in the 

following section. 

4.2.5.1 Inactive Play Duration 

 Mauchly’s test indicated that the assumption of sphericity had been violated (χ2(14) = 53.85, p 

< .01). Degrees of freedom were corrected using Greenhouse-Geisser estimates of sphericity (ε = 

.75). Mean weekly inactive play duration declined significantly across time [F(3.75, 255.01) = 8.45, 

p < .01, ηp
2 = .11]. A paired-samples t-test revealed that there was a significant mean difference 

between week 1 and week 6; t(69) = 5.88, p < .01, ηp
2 = .34. On average, inactive play duration 

was 21.45 min longer in week 1 than in week 6 (95% CI[14.17 min, 28.73 min]). Note that inactive 

play duration is included in the calculations for mean play session duration and overall play 

duration. 

4.2.5.2 Active Play Duration 

 Mauchly’s test indicated that the assumption of sphericity had been violated (χ2(14) = 51.79, p 

< .01). Degrees of freedom were corrected using Greenhouse-Geisser estimates of sphericity (ε = 

.74). Mean weekly active play duration decreased significantly across time [F(3.69, 251.05) = 6.59, 

p < .01, ηp
2 = .09]. A paired-samples t-test revealed that there was a significant mean difference 

between week 1 and week 6; t(69) = 4.11, p < .01, ηp
2 = .20. On average, active play duration was 

34.77 min longer in week 1 than in week 6 (95% CI[17.88 min, 51.65 min]). Note that active play 

duration is included in the calculations for mean play session duration and overall play duration. 
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Table 4-2. Proportion of weekly mean play duration that was inactive and active play. 

% of Mean Play Duration Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 

Inactive 29.42 26.67 22.95 22.36 22.70 23.07 

Active 70.58 73.33 77.05 77.64 77.30 76.93 

4.2.5.3 Inactive and Active Play Duration as a Proportion of Weekly Mean Play Duration 

 Inactive play was M = 24.90% of total play duration. Active play was M = 75.10% of total play 

duration. Weekly mean inactive and active play durations are reported in Table 4-2.  

4.3 Discussion 

 In the following sections, we first discuss participants’ choices of whether to play or not play 

an exergame, and for how long, how often, and how intensely. Then, we discuss whether 

participants chose to displace other physical activities during the intervention. Finally, we address 

whether participants used their agency to minimize or avoid the exercise performed. 

4.3.1 Overall Game Usage 

 Consistent with our hypothesis, play duration decreased significantly across time; this 

represented a medium effect size. The drop in total play duration across time was due to a 

significant reduction in play frequency (days played per week), representing a medium effect. Play 

frequency could have diminished due to technical issues or life changes, such as participation in 

extracurricular activities. There are other activities that are beneficial to physical fitness, such as 

sports. Choice of activities should be autonomous, and future research should focus on improving 

frequency of play among children who enjoy exergames. 

 A major strength of our study is that it demonstrated exergames can lead to high adherence 

levels relative to past studies, and it did so using data collected objectively through logs of play 

sessions. Past studies have generally used self-report data for examining play duration, which can 

be substantively inaccurate. In addition, exergames have been critiqued for short play session 
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durations, in the range of five to ten minutes, and past interventions have lent credence to this 

complaint [37,45]. The World Health Organization and other agencies recommend that children 

participate in moderate-to-vigorous physical activity for sixty minutes daily [184], and Maddison 

et al. suggested that if children played exergames for at least thirty minutes per day, it could have 

a demonstrable effect on body weight [113]. Figure 4-2A shows that in our study, children were 

sufficiently engaged to play for a mean session duration exceeding thirty-five minutes, much longer 

than reported in previous studies [37,45,113,114]. This provides evidence that exergaming can be 

included as part of a larger physical activity palette. 

4.3.2 Play Intensity 

 Consistent with prior research and our hypothesis, play intensity was in the light-to-moderate 

range [21], which can lead to marked health benefits [198]. Overall mean heart rate decreased 

significantly over time, with a large effect size. This decline in heart rate might be due to the 

algorithm used to balance pedaling ability among players. Specifically, we used a one-speed-for-

all algorithm that gave all players the same speed, no matter how hard they pedaled. As the players 

became familiar with the games over time, they might have realized that they did not have to pedal 

hard to go full speed in the games. Balancing for differing physical abilities is important so that all 

players enjoy the games, regardless of differences in physical fitness, but future studies might 

benefit from a different balancing algorithm than the one-speed-for-all algorithm we used. 

 Even so, the significant decline in heart rate was surprising because we implemented game 

features to influence participants’ decision to play at a moderate intensity range. In particular, 

Liberi includes heart-rate power-ups, which grant players greater abilities in the games when they 

reach a target heart rate level, such as enabling the use of a weapon to slow down opponents in the 

Gekku Race racing game [98]. Given our prior success with incenting moderate-to-vigorous 

intensity levels using heart-rate power-ups, we believed the same results would be achieved in this 
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study [98]. Unfortunately, this was not the case, and further study is warranted to discover whether 

heart-rate power-ups are effective at augmenting heart rate levels in longer-term studies.  

 Cooperative and competitive gameplay might produce different exercise intensities. The Liberi 

game was played in separate spaces, and included both cooperative and competitive games. Current 

research in competitive versus cooperative exergame play have produced mixed results. For 

instance, Peng and Crouse found parallel competition with another player in a separated physical 

space led to higher enjoyment, future play motivation, and intensity levels when compared to a 

cooperative exergame in the same physical space [141]. On the other hand, Staiano et al. found that 

cooperative exergame play led to significantly more weight loss compared to a control group, 

whereas the competitive exergame players did not differ significantly from either the cooperative 

or control group [175]. 

4.3.3 Total Physical Activity 

 There has been some concern that exergames may displace time that could be used for other 

physical activities and authentic sports, which may elicit better physical benefits than exergaming 

alone [45]. However, total physical activity was significantly higher at six weeks compared to 

baseline in a moderate-to-large effect size range. This effect size supports the contention that the 

exergames may in fact augment physical activity, but it should be noted that this was self-reported 

data, and thus, may not be accurate. 

4.3.4 Inactive Play Duration 

 In Liberi, it can be assumed that players are actively pedaling when they are in games since 

games require pedaling to play. But, games are connected by a large island that contains shops and 

grants players agency to be idle, whether that is to peruse shops for upgrades or even to socialize. 

In planning the study, we identified the possibility that players might choose to spend a large 

amount of their time being stationary, not pedaling, when they were on the island. We explored 
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inactive play duration to determine if this was the case. Instead, we found that players were actively 

engaged with Liberi most of the time they were playing. The inactive play duration made up a low 

proportion of the weekly mean play duration (declining from 29.42% in week 1) and decreased as 

the study progressed (to 23.07% in week 6). The decline in inactive play duration was also 

significant across time, and this was a medium effect size.  

4.4 Implications for Designers 

Our study addressed the fundamental choices players made when they were granted full agency in 

the Liberi exergame. Players had agency to choose how long, how often, and how intensely to play 

Liberi. In the following sections, we discuss implications that can be drawn from analyses of 

adherence and intensity. 

4.4.1 The Implications from Underlying Adherence Behaviours 

 At first glance, it might appear that granting players the freedom to choose when and how long 

they played, not requiring that they follow an exercise prescription, had a negative effect on 

adherence. After all, consistent with previous studies, adherence declined significantly across time. 

However, our objective measures afforded us the opportunity to gain greater insight into why this 

occurred. As noted in 4.3.1, the significant decrease in total play duration was due to participants 

playing fewer days per week over time.  

 Encouragingly, the overall play duration and per-session play duration remained high 

throughout the trial relative to some past studies. Past interventions have been critiqued for short 

play session durations, lasting five to ten minutes [37,45], while our mean play session duration 

was over thirty-five minutes for all six weeks of the trial. Thus, Liberi did have the ability to 

maintain adherence during a session, which suggests exergaming has the potential to be part of a 

larger activity program. By contrast, if our results showed low duration, this would indicate a major 

problem for a session of activity. 
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 It should be noted, though, that granting players this much agency negatively impacted play 

frequency in Liberi. We attempted to mitigate this by releasing new games throughout the trial. 

Previous research has found that a single game may become unappealing, while incorporating 

multiple games in a trial may minimize the effect of over-familiarization [37,72,114,210]. 

Promisingly, players were becoming significantly more active as the trial progressed, meaning that 

over time, they were increasingly pedaling the bike more as they played. This suggests that our 

intervention might not have been the primary factor that caused frequency to diminish. It is possible 

that, as indicated in 4.3.1, life changes, such as participation in extracurricular activities, caused 

players to participate less frequently. This is evidenced by behavioural theories, which suggest that 

people engage in activities that have relative reinforcing value to other activities [188,196]. A 

combination of both the intervention and life changes could also have contributed to diminishing 

play frequency.  

 Given the active engagement with the games and relatively high play durations, releasing new 

games throughout the trial might have a positive effect on adherence. Thus, these findings might 

be more broadly applied by adding new games throughout an exergaming study. However, 

employing this method does not definitively have a positive effect on play frequency. Given the 

importance of both frequency and duration in physical activity and public health, it is still a problem 

that frequency was decreasing, unless the players were getting activity in other forms. As we 

suggested in 4.3.1, future research should focus on improving frequency of play among children 

who enjoy exergames. 

4.4.2 The Implications from Underlying Intensity Decisions 

 We granted players agency to choose how vigorously to play Liberi, and they played in the 

light-to-moderate intensity range. While this is consistent with prior research [21], we did employ 

methods that have worked in our own prior exergaming research to motivate players to exercise at 
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a moderate-to-vigorous intensity level [98]. Playing at a light-to-moderate intensity range might 

have been due to the different game styles, as we indicated in 4.3.2. However, it might also be the 

case that granting players complete freedom as to how vigorously to pedal the bike led to lower 

intensity levels than we expected to find. It is well established that people who self-pace tend to 

engage in light-to-moderate intensity exercise, as this is more pleasant than vigorous exercise, and 

people tend to avoid displeasure [56,148,168,169].  

 Liberi does contain a central island, which is a large environment that allows players to traverse 

between games, shop, or relax if they so choose. While the games we employed have exhibited 

moderate intensity levels in our past research [98], it is possible that players expended less physical 

effort while on the island than in the games. Scrutinizing this further, the overall mean in-game 

intensity level (excluding island play) was M = 123.01 (SD = 11.61) bpm. While this is still slightly 

below the moderate range, it is significantly higher than the overall mean intensity level including 

island play, M = 117.46 (SD = 10.90) bpm, we reported in 4.2.4.1; t(137) = 2.92, p < .01, ηp
2 = .06. 

This was a medium effect size. The overall mean island intensity level was M = 110.12 (SD = 7.98) 

bpm, significantly lower than the overall mean in-game intensity level; t(122) = 7.66, p < .01, ηp
2 

= .30. This was a large effect size. 

 Thus, the implication is that granting players this amount of freedom in Liberi had a negative 

impact on intensity. Including the central plaza was detrimental to overall intensity levels. Some of 

the highest intensity-inducing exergames, such as DDR, have little activities available outside the 

game itself, and typically only the active play is reported in exergaming studies [85,105]. On the 

other hand, as we have mentioned, these games are generally played for short session durations, in 

the range of five to ten minutes [37,45]. Our game was available to be played for ninety minutes 

each weeknight, and participants played for a mean session duration lasting over thirty-five 

minutes. It is quite possible that players liked having a simple method of taking a break between 
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playing the more physically demanding games. Thus, the island served a purpose to our trial, but it 

also negatively impacted play intensity.  

 These findings can be more broadly applied to other exergames. For exergames intended for 

short bouts, it is not necessary to include a large environment outside the games. For exergames 

intended to be played for longer durations, it is important to keep in mind that players might prefer 

having a simple way to take a break from the exercise. A large environment connecting the games 

is one way of providing a break, but this might also be detrimental to intensity if players are granted 

agency to stay on the island for as long as they want. In this case, limiting this agency (e.g., such 

as providing a maximum duration for breaks) could have a positive impact on intensity.  

4.5 Conclusion 

 This chapter addressed one of our three primary research questions, namely: When players 

have full agency in exergames, how do they choose to use this agency?  To answer this question, 

we conducted five waves of six-week trials at two sites in Canada across two conditions, measuring 

adherence behaviours, the fundamental agency to play or not play an exergame, and for how long 

overall, how long per session, how frequently, and how vigorously. Promisingly, mean session play 

duration was much higher than in previous studies [37,45,113,114], which demonstrated that the 

games sufficiently motivated the players to keep playing them once they started playing. Overall 

play duration was also high throughout the study relative to past interventions. The decrease across 

time in adherence was due to a drop in frequency of play. For children who enjoy exergames, future 

studies should focus on getting players to play more days per week.  

 Limitations of our study that prevent generalizability include the six-week trial duration and 

the use of self-reported total physical activity data. The choice of games and exercise equipment 

used in exergaming studies might affect adherence and intensity levels. Some researchers have used 

off-the-shelf console exergames, some have converted off-the-shelf console games into exergames, 
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and others have developed custom exergames. As it stands, our study adds to the literature of 

exergaming by using objective measures. Our findings can be broadly applied by releasing games 

throughout the trial to incent continued adherence and by limiting agency in game elements that 

can be detrimental to intensity. We conducted the trial across two conditions, a multi-player and 

single-player condition, that afforded us the opportunity to examine agency through the lens of 

social play, discussed next in Chapter 5.  
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Chapter 5 

Social Play in the Liberi Exergame 

 Players have the fundamental agency to choose to play or not play an exergame.  Participation 

in exergaming studies generally tends to decline over time [16]. This was also the case in our 

nonrandomized control trial (see 4.2.3). While initial adherence was high, participation declined 

significantly across time. A core motivator that might influence whether people play and keep 

playing an exergame is the potential for social interaction. Self-determination theory (SDT) posits 

that humans have a universal need to connect to others [75,162]. Social interaction has also played 

a large role in the success of exergames [37,81,99] and games in general [177,195,207]. Numerous 

authors have advocated incorporating social play in exergames to foster interaction and increase 

motivation [29,115,124,126]. There is also evidence to suggest people are more likely to sustain 

their involvement in a physical activity setting if they participate in social, or group-based, activities 

rather than on their own [15,32,47,208].  

 Thus, playing games with others might increase engagement and augment exergaming 

adherence behaviours. In this chapter, we examine the decisions players made when afforded the 

opportunity for social play in the Liberi exergame. We had two primary goals. Our first goal was 

to determine whether social play augments adherence in an exergame. To date, there has been little 

research comparing multi-player and single-player exergame adherence. In one of the few attempts 

compare the two conditions, Chin A Paw et al. [37], performed a pilot study that randomly assigned 

a sample of twenty-seven children to either a single-player group that played a dance game at home 

or a multi-player group that played the same game at home but also participated in a weekly multi-

player class. They found no statistically significant difference between the self-reported play 

duration between groups, but the multi-player group played over twice as many minutes as the 

single-player group over a twelve-week period (901 min versus 376 min, p = 0.13). Dropout was 
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significantly different between groups, though, favouring the multi-player group (15% dropout) 

over the single-player group (64% dropout). Limitations included the small sample size and the 

self-report measures of gameplay that were operationalized in this study. 

 Our second goal was to determine whether there are people for whom social play works well 

and those for whom it does not. In general, people readily form social bonds and resist breaking 

those bonds [14]. However, when granted the opportunity to do so, players may actively choose to 

play alone even when they are playing a multi-player game [52]. We examined the multi-player 

group in our nonrandomized control trial to determine if, in fact, there are people for whom multi-

player capabilities in exergames have a positive effect on adherence behaviours and people for 

whom they do not. 

 Because social relatedness is considered a primary motivator for the choices people make 

[14,162], in this chapter, we examine social play in exergames. We will first describe the multi-

player aspects of Liberi, the game we used to explore adherence behaviours in a six-week 

nonrandomized control trial. We will then examine the results from the trial comparing multi-player 

to single-player exergame adherence behaviours we described in Chapter 4. Finally, we will 

examine whether the multi-player condition worked well for some players and not for others. As 

we shall see, social play did not augment adherence. However, multi-player participants who 

engaged in social play had higher adherence than participants who chose to play alone. 

5.1 Liberi as a Multi-Player Exergame 

 Liberi was designed using principles that foster social interaction and has features that enable 

multiple players to play the game simultaneously [81]. To support social interaction in the game, 

Liberi was developed to support frictionless group formation, dynamic balancing for player ability, 

and a variety of play styles.  
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Figure 5-1. One player stands on the launch pad to Dozo Quest. Players' stickers are 

enlarged to the sides of the image. Image © [81], by permission. 

 Frictionless group formation makes it easy for participants to join up with others when playing 

the game. This was accomplished by granting players the ability to join games with others and 

leave the games at any time, thus allowing for automatic forming of groups. Liberi also features 

voice chat so that players can communicate with one another. And, as illustrated by Figure 5-1, it 

has on-screen indicators in the form of avatar “stickers” that help players locate each other in the 

game world. 

 Liberi also supports dynamic balancing for player ability. Recall from 4.1.4.2 that the game is 

played on a recumbent bike, and pedaling the bike makes the onscreen avatar move. To balance for 

players of different fitness levels, all avatars move at the same speed, no matter how fast the bike 

is pedaled. In addition, the game often provides group goals instead of individual goals; this enables 

players with lower skill levels to feel a sense of accomplishment while preventing players with 

higher skill levels from becoming frustrated. Bobo Ranch, for instance, rewards players equally for 

working as a team to round up sheep and move them to a barn. 

 Finally, Liberi supports a variety of play styles to attract players who like different types of 

games. Described in 4.1.4.1, Liberi contains six different mini-games, each with a different style 
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of play and different goals, including a competitive fighting game (Biri Brawl), a defense game 

(Wiskin Defence), a racing game (Gekku Race), a sheep herding game (Bobo Ranch), a hockey 

game (Pogi Pong), and a game in which players traverse a maze (Dozo Quest). 

5.2 Evaluation 

 In the following sections, we discuss adherence behaviours and predictors of adherence. 

5.2.1 Multi-Player vs Single-Player Adherence Behaviours 

 To accomplish our first goal of determining whether social play augments adherence in an 

exergame, we ran five waves of six-week trials from January to December 2014 examining 

children’s adherence behaviours in a multi-player versus a single-player condition. Data were 

collected and analyzed from seventy children who participated in the trial, forty in the multi-player 

condition and thirty in the single-player condition (see Figure 4-1). As discussed in Chapter 4, our 

study overcame current limitations of using self-report measures by measuring adherence 

behaviours objectively through logs of gameplay. We had three primary outcomes: play session 

duration, play duration, and play frequency; see 4.1.6 for a description of how these outcomes were 

measured. We hypothesized that the social aspects embedded within the multi-player condition, 

which were designed to foster enjoyment and motivation, would lead to significant differences 

between conditions. We hypothesized that the engaging aspects of the multi-player condition would 

encourage longer and more frequent play than in the single-player condition. We had two secondary 

outcomes, play intensity and total physical activity. We did not have an a priori hypothesis on how 

play intensity would differ between groups. Competitive and cooperative play in the games could 

have promoted higher intensity levels in the multi-player group, but socializing with others could 

have just as easily become a more prominent focus than playing the games at moderate-to-vigorous 

intensity levels. We also had no a priori hypothesis regarding total physical activity. 
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5.2.2 A Dichotomy of Player Types in a Multi-Player Exergame 

 To accomplish our second goal of determining whether there are people for whom social play 

works well and those for whom it does not, we began by investigating whether there was a 

significant difference in the number of people who chose to engage in social play across time. 

Specifically, we addressed the following research question: 

When given the opportunity to play games together, did the number of people who 

played longer when in a group differ significantly over time from the number of 

people who played longer when alone? 

 To address this research question, we only looked at the times in which at least two people 

were logged into Liberi, meaning there was always the opportunity to play the games with someone 

else. To answer this question, we performed a paired-samples t-test comparing the number of 

participants who played longer when in a group to the number of participants who played longer 

when alone. Each week was considered a separate sample, and so the t-test covered six samples. 

Results indicated there was no significant difference across time in the number of participants who 

played longer when in a group (M = 16.50, SD = 8.78 participants) versus the number of participants 

who played longer when alone (M = 15.33, SD = 7.15 participants); t(5) = .18, p = .86, d = .15.  

 We separated the two types of players into a dichotomy that we termed Groupers and Loners. 

We defined Groupers as people who, for a majority of weeks, chose to play games for longer 

durations with others than they chose to play alone. Conversely, Loners were people who, for more 

weeks, chose to play games for longer durations when alone than they chose to play with others. 

We removed participants who played an equal number of weeks in both settings from further 

analysis. There were 35 participants for analysis, 16 Groupers and 17 Loners. 

 It is possible that Groupers were not actively choosing to play with others. Instead, playing 

with the other participants could be an artifact of having channeled players to a fixed block of time 

each weekday. As stated in 4.1.5, this increases the chance of finding others to play with. Therefore, 
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Groupers could have simply encountered more players during the intervention than Loners. To 

determine whether this was the case, we performed an independent-samples t-test comparing the 

mean number of people Groupers encountered during the study to the mean number of people 

Loners encountered when there was an opportunity to play with others. Results of the independent-

samples t-test showed that there was no significant difference between the mean number of players 

Groupers encountered (M = 3.09, SD = .29) to the mean number of players of players Loners 

encountered (M = 2.84, SD = .56) during the study; t(25.97) = 1.66, p = .11. This lends evidence to 

the hypothesis that Groupers did not engage in more group play than Loners due to encountering 

more players during the study. 

5.2.3 Demographics of Groupers and Loners 

 To ensure there was no bias between Groupers and Loners, we first determined their 

demographic makeup. For instance, a participant’s gender or age might have played a role in 

whether they were a Grouper. We performed a Pearson Chi-Square test on gender, and an 

independent-samples t-test on age to examine differences in Grouper and Loner demographics.  

5.2.4 Grouper and Loner Adherence Behaviours 

 Earlier, we speculated that some people may have greater adherence to multi-player exergames 

than others. Since Groupers engaged in social play the most, they might have also been the people 

for whom social play elicits high adherence. To determine whether this was the case, we analyzed 

the results of four primary outcomes: play duration, play session duration, play frequency, and play 

intensity. The description and measurement of these outcomes are described in 4.1.6 and 4.1.7. We 

hypothesized that Groupers would play longer overall, participate in longer sessions, and 

participate in more sessions (play frequency) than Loners. Given the conflicting results from 

current research into play intensity in multi-player exergames (see 4.3.2), we had no a priori 

hypothesis regarding how play intensity would differ between Groupers and Loners. 
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5.2.5 Predictors of Grouper and Loner Adherence Behaviours 

 We were also interested in learning why adherence may or may not be different between 

Groupers and Loners. Several factors potentially played a role in adherence differences between 

the two groups. We had five primary outcomes to determine the predictors of adherence behaviours 

in Groupers and Loners: total physical activity, game win rate, differences in the games played, 

and program belonging.  

 Total physical activity was a potential predictor of adherence behaviours the people who were 

engaging in social play might have been already active in general. We measured total physical 

activity using the PAQ-C (described in 4.1.7.2). Game win rate was a potential predictor because 

it could have been the case that the better a participant performed in the games, the more they 

wanted to play. We compared the win rate of Groupers and Loners in Gekku Race using 

independent-samples t-tests. Differences in adherence behaviours could also stem from the 

participants playing different games. There were six mini-games available to play in Liberi. If some 

were more engaging, this might have been a predictor of adherence.  

 Finally, fostering a sense of program belonging was a potential predictor of adherence. 

Relatedness, also called “the need to belong”, is a primary component of self-determination theory 

[75]. This originates from the belongingness hypothesis proposed by Baumeister and Leary, who 

suggested that human beings have an almost universal need to form and maintain at least some 

degree of interpersonal relationships with others [14]. The belongingness hypothesis might explain 

adherence differences between the groups. If Loners were not fulfilling this innate need by readily 

forming groups, their adherence would be potentially lower than Groupers. We hypothesized this 

would be the case, that there would be a significant difference in program belonging. 

 We asked participants in the multi-player condition a series of questions to analyze program 

belonging. These questions were measured on a four-point Likert scale (“NO!”, “no”, “yes”, and 

“YES!”) and stemmed from a modification of a measure of belonging designed for use in youth 
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development programs [9]. The questions were modified to be positively instead of negatively 

worded, as suggested by Anderson-Butcher and Conroy [9]. The questions we asked were: 

When I am playing the Liberi games… 

1. … I feel comfortable with the other players. 

2. … I feel like I am a part of the community. 

3. … I am committed to the other players. 

4. … I am supported by the other players. 

5. … I am accepted by the other players 

 We measured program belonging three times during each six-week wave of the trial, once after 

two weeks, four weeks, and six weeks. The most important of these measurements is the two-week 

measure because at this point, enough time has passed for social groups to form, and not so much 

has passed that players have started dropping out of the study. 

5.2.6 Adherence Behaviour Transitions between Groupers and Loners across Time 

 Besides the primary adherence differences, we were interested in how adherence transitioned 

over time. Groupers might drop out entirely after a few weeks of play if they are no longer fulfilling 

the need of a social bond. Conversely, Loners might transition to becoming Groupers as time 

progressed if they started to form social bonds. We defined a transition in adherence behaviour to 

represent changing behaviour from week i to week i + 1. The possible transitions were: 

 Play-Together-Longer → Play-Alone-Longer 

 Play-Together-Longer → Did-Not-Play 

 Play-Alone-Longer → Play-Together-Longer 

 Play-Alone-Longer → Did-Not-Play 

 Did-Not-Play → Play-Together-Longer 

 Did-Not-Play → Play-Alone-Longer 
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 We hypothesized that the most common transitions in adherence behaviours over time would 

be for people who played together longer to transition to playing alone longer (Play-Together-

Longer → Play-Alone-Longer), for people who played alone longer to transition to playing together 

longer (Play-Alone-Longer → Play-Together-Longer), and for people who played alone longer to 

transition to not playing at all (Play-Alone-Longer → Did-Not-Play).  

 The Play-Together-Longer → Play-Alone-Longer transition might indicate that players who 

formed social bonds early were no longer finding the people to play with for whom they had 

bonded. The Play-Alone-Longer → Play-Together-Longer transition might indicate that social 

bonds were being formed as time went on. The Play-Alone-Longer → Did-Not-Play transition 

might indicate that participants wanted to play together but were not forming cohesive groups and 

decided to stop playing. We counted the transitions over time to determine which were the most 

common. We performed a Chi-Square test of goodness-of-fit to determine whether these transitions 

were occurring randomly or whether players were actively choosing to transition in this manner.  

5.2.7 Adherence Behaviours of Groupers, Loners, and Single-Player Participants 

 We have argued that multi-player play in exergames may work better for some people than for 

others. It became apparent that there is a dichotomy of player types in the multi-player condition 

of our nonrandomized control trial, Groupers and Loners. But, we began this examination because 

multi-player engagement should augment adherence behaviours. This suggests that being a 

Grouper might enhance adherence, and being a Loner might diminish adherence. It is worthwhile, 

then, to compare Grouper and Loner adherence to the single-player group in our study. We 

performed independent-samples t-tests to determine whether there were any significant adherence 

differences between the three conditions. 
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5.3 Results 

 In the following sections, we compare adherence behaviours between the multi-player and 

single-player condition of our study. We also discuss demographics and adherence behaviours of 

Groupers and Loners, and predictors of Grouper and Loner adherence. We conclude this section 

with a comparison of Grouper, Loner, and single-player adherence behaviours. 

5.3.1 Multi-Player vs Single-Player Adherence Behaviours 

 Promisingly, our study demonstrated relatively high adherence levels in general for both 

conditions compared to past studies [37,45,113,114]. Contrary to our hypotheses, however, we 

found no significant difference between conditions in our primary outcomes: play session duration, 

overall play duration, and play frequency. Weekly mean play session duration is displayed in Figure 

5-2A. Mean play session duration was 38.64 (SD = 16.68) min/day in the multi-player condition 

and 36.46 (SD = 13.48) min/day in the single-player condition; t(67) = .60, p = .55, ηp
2 < .01. 

Weekly mean play duration is shown in Figure 5-2B. Mean play duration was 105.13 (SD = 78.36)  

 

Figure 5-2A (left). Weekly mean play session duration (min) for both conditions.  

Figure 5-2B (right). Weekly mean play duration (min) for both conditions. 
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min/week in the multi-player condition and 100.79 (SD = 58.77) min/week in the single-player 

condition; [F(4.52, 307.4) = .75, p = .57, ηp
2 = .01]. Weekly mean play frequency is shown in Figure 

5-3. Mean frequency was 2.91 (SD = 1.39) day/week in the multi-player condition and single-player 

2.64 (SD = 1.04) day/week in the single-player condition; [F(4.58, 311.7) = .15, p = .97, ηp
2 < .01]. 

 There was also not a significant difference between groups in our secondary outcomes, play 

intensity and total physical activity. Mean heart rate was 111.31 (SD = 10.29) bpm in the multi-

player condition and 106.36 (SD = 11.66) bpm in the single-player condition; t(58) = 1.85, p = .07, 

ηp
2 = .05. Mean min/week spent in the moderate-to-vigorous intensity range was 27.46 (SD = 43.51) 

min/week in the multi-player condition and 28.67 (SD = 32.85) min/week in the single-player 

conditions; t(67) = .13, p = .89, ηp
2 < .01. Mean moderate-to-vigorous physical activity (MVPA) 

min/day was 14.42 (SD = 10.53) min/day in the multi-player condition and 10.26 (SD = 9.94) 

min/day in the single-player condition; t(67) = .17, p = .86, ηp
2 < .01. Total physical activity was 

not significantly different between conditions [F(1, 52) < .01, p = .96, ηp
2 < .01]. At baseline, total 

 

Figure 5-3. Weekly mean play frequency (day/week) for both conditions. 
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physical activity for participants in the multi-player condition was a mean of M = 2.38 (SD = .68), 

and the mean in the single-player condition was M = 2.36 (SD = .49). At six weeks, the total 

physical activity for participants in the multi-player condition was M = 2.64 (SD = .73), and the 

mean in the single-player condition was M = 2.62 (SD = .65). Finally, there was no significant 

difference in our exploratory outcome, inactive play duration, between conditions [F(3.17, 215.39) 

= .77, p = .52, ηp
2 = .01]. Mean duration spent inactive was 23.14 (SD = 17.45) min in the multi-

player condition and 18.00 (SD = 17.47) min in the single-player condition. 

5.3.2 Demographics of Groupers and Loners 

 Results of a Pearson Chi-Square test on gender and an independent-samples t-test on age found 

no significant differences in gender (p = .88) or age (p = .32) between the two groups. The mean  

age for Groupers was 10.53 (SD = 1.28) yr, and the mean age for Loners was 10.17 (SD = .79) yr. 

Nine males were Groupers, and eight females were Groupers. Ten males were Loners, and eight 

females were Loners. 

5.3.3 Adherence Behaviours of Groupers and Loners 

 Results of running independent t-tests on our primary outcomes are summarized in Table 5-1. 

There was a significant difference in mean play duration between Groupers and Loners; t(20.89) = 

3.40, p <.01, d = .89. Groupers (M = 821.80, SD = 491.04 min) played significantly longer than 

Loners (M = 387.04, SD = 199.37 min). The magnitude of the differences in the means (mean 

difference = 436.76 min, 95% CI: 168.42 min to 701.09 min) was large (d = .89). There was a 

significant difference in play session duration between Groupers and Loners; t(24.14) = 3.12, p 

<.01, d = 1.06. Groupers (M = 42.13, SD = 15.06 min/day) played significantly longer per session  

than Loners (M = 29.29, SD = 8.05 min/day). The magnitude of the differences in the means (mean  

difference = 12.84; 95% CI: 4.34 min/day to 21.33 min/day) was large (d = 1.06). There was a 

significant difference in the number of sessions played between Groupers and Loners; t(33.00) =  
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Table 5-1. Comparison of adherence behaviours between Groupers and Loners. 

 Mean Grouper 

(SD) 

Mean Loner 

(SD) 

 p Effect Size 

Play Duration (min) 821.80 (491.04) 387.04 (199.37) <.01 Glass’s Δ = .89 

Play Session Duration 

(min/day) 

42.13 (15.06) 29.29 (8.05) <.01 Cohen's d = 1.06 

Number of Sessions (days) 18.29 (7.24) 12.94 (5.64) .02 Cohen's d = .82 

HR (bpm) 116.22 (9.10) 114.27 (9.25) .54 Cohen's d = .21 

 
2.45, p = .02, d = .82. Groupers (M = 18.29, SD = 7.24 days) played significantly more sessions 

than Loners (M = 12.94, SD = 5.64 days). The magnitude of the differences in the means (mean  

difference = 5.35, CI: .90 days to 9.80 days) was large (d = .82). However, there was not a 

significant difference in overall intensity between Groupers and Loners; t(32.00) = .62, p = .54. 

5.3.4 Predictors of Grouper and Loner Adherence Behaviours 

 In the following sections, we discuss the results from analyzing the factors that potentially 

played a role in the greater adherence exhibited by Groupers over Loners. These predictors were 

total physical activity, game win rate, differences in the games played, and program belonging.   

5.3.4.1 Total Physical Activity  

 Results of independent t-tests on total physical activity showed that the PAQ-C (described in 

4.1.7.2) did not differ significantly between groups at baseline (t(27.00) = .03, p = .98, d = .01) or 

at six weeks (t(30.00) = -.74, p = .47, d = .25). Thus, prior engagement in total physical activity 

was not a predictor of adherence behaviours. 

  



 

 

94 

 

Table 5-2. Comparison of Gekku Race win rate between Groupers and Loners. 

 Mean Grouper (SD) Mean Loner (SD)   p 

Gekku Race Win Rate Week 1 (%) 32.19 (10.67) 31.15 (19.46) .86 

Gekku Race Win Rate Week 2 (%) 38.45 (25.52) 36.80 (32.76) .88 

Gekku Race Win Rate Week 3 (%) 30.90 (20.43) 46.29 (17.73) .07 

Gekku Race Win Rate Week 4 (%) 40.08 (23.07) 52.62 (23.67) .21 

Gekku Race Win Rate Week 5 (%) 44.73 (34.49) 20.37 (22.95) .14 

Gekku Race Win Rate Week 6 (%) 31.39 (30.23) 68.25 (54.99) .15 

Gekku Race Win Rate Overall (%) 34.33 (13.54) 43.08 (18.25) .12 

5.3.4.2 Game Win Rate 

 Results of independent-samples t-tests on Gekku Race are summarized in Table 5-2. The 

win rate is broken up between weeks, and the final row is the overall proportion of wins. Results 

of the independent-samples t-tests showed that the win rate in Gekku Race did not significantly 

differ on any of the weeks between Groupers and Loners. In fact, in some weeks, Loners won a 

greater proportion of Gekku Race games than Groupers. Loners also had a greater win rate overall. 

Thus, this was not a predictor of greater adherence behaviours in Groupers. 

5.3.4.3 Games Played 

 Results of independent-samples t-tests showed that the proportion of time spent playing any of 

the games did not differ significantly between Groupers and Loners. Groupers played Biri Brawl 

for a mean of 15.44 (SD = 10.47) percent of the time spent playing games, and Loners played for 

a mean of 11.03 (SD = 7.75) percent; t(33.00) = 1.42, p = .16, d = .48. Groupers played Bobo Ranch 

for a mean of 7.79 (SD = 5.94) percent of the time spent playing games, and Loners played for a 

mean of 6.29 (SD = 8.21); t(33.00) = .09, p = .54, d = .21. Groupers played Dozo Quest for a mean  

of 27.00 (SD = 12.21) percent, and Loners played for a mean of 37.24 (SD = 20.92) percent; t(33.00) 
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= -1.75, p = .09, d = .60. Groupers played Gekku Race for a mean of 28.44 (SD = 16.15) percent,  

and Loners played for a mean of 30.93 (SD = 19.98) percent; t(33.00) = -.40, p = .69, d = .14. 

Groupers played Pogi Pong for a mean of 6.18 (SD = 5.77) percent, and Loners played for a mean  

of 4.66 (SD = 5.12) percent; t(33.00) = -.83, p = .41, d = .28. Groupers played Wiskin Defence for 

a mean of 15.14 (SD = 14.72) percent and Loners played for a mean of 9.86 (SD = 12.30) percent;  

t(33.00) = 1.16, p = .26, d = .39. The similarities in the proportion of time Groupers and Loners 

played each game is illustrated in Figure 5-4. 

 

Figure 5-4. Proportion of time Groupers and Loners played each game. 
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5.3.4.4 Program Belonging 

 Considering other factors, the two groups were similar in every respect (e.g., amount of 

physical activity, gender, age, and game win rate). There was one aspect in which they differed, 

however, and that was in program belonging. The program belonging subscale consisted of five  

items, measured after two (T0), four (T1), and six weeks (T2). A reliability analysis was carried 

out on the program belonging subscale. Cronbach’s alpha was α = .81 for T0, α = .88 for T1, and 

α = .93 for T2, which showed that we could combine the program belonging subscales for each 

time period with acceptable reliability. After two weeks, program belonging differed significantly 

between Groupers and Loners. Groupers had a mean program belonging of 3.31 (SD = .44), and 

Loners had a mean of 2.70 (SD = .90); t(33.00) = 2.51, p = .02, d = .86. The magnitude of the 

differences in the means (mean difference = .61, CI: .12 to 1.10) was large (d = .86). We saw no 

significant difference in program belonging between Groupers and Loners after four weeks (p = 

.18) and six weeks (p = .27). This is likely due to the way player behaviour transitioned over time. 

5.3.5 Adherence Behaviour Transitions between Groupers and Loners across Time 

 From Table 5-3, we can see that our hypothesized transitions were, indeed, the most common: 

Play-Together-Longer → Play-Alone-Longer, Play-Alone-Longer → Play-Together-Longer, and  

Table 5-3. Transitions in adherence behaviour across time. 

Transition Count 

Play-Together-Longer → Play-Alone-Longer 37 

Play-Alone-Longer → Play-Together-Longer 21 

Play-Alone-Longer → Did-Not-Play 12 

Did-Not-Play → Play-Alone-Longer 7 

Play-Together-Longer → Did-Not-Play 4 

Did-Not-Play → Play-Together-Longer 1 
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Play-Alone-Longer → Did-Not-Play. Because the transitions Play-Together-Longer → Play-

Alone-Longer and Play-Alone-Longer → Play-Together-Longer were the most common, this 

might indicate that some people were forming cohesive groups, while others were not. It was much  

less common for participants to start playing once they had stopped. Interestingly, the transition 

count from Play-Together-Longer → Did-Not-Play is low. This lends credence to the resistance to 

breaking social bonds once they are formed [14]. Results of a Chi-Square goodness-of-fit test 

showed that there were statistically significant differences in the occurrence of the transitions χ2(5) 

= 65.80, p < .01, providing evidence that forming social bonds, or feeling a strong sense of program 

belonging, plays an important role in a participant’s decision to continue playing an exergame. 

5.3.6 Adherence Behaviours of Groupers, Loners, and Single-Player Participants 

 The differences in play duration across time between Groupers, Loners, and single-player 

participants is shown in Figure 5-5. The differences in adherence behaviours between Groupers 

and single-player participants were not statistically significant. Overall, Groupers participated in a 

mean of 821.80 (SD = 491.04) min during the study, and participants in the single-player condition 

played for a mean of 630.77 (SD =374.59) min; t(45.00) = .14, p = .14, d = .44. Groupers played 

for a mean of 136.97 (SD = 81.84) min/week, and participants in the single-player condition played 

for a mean of 105.13 (SD = 62.43) min/week. Groupers played a mean of 18.29 (SD = 7.24) days 

during the trial, and participants in the single-player condition played a mean of 17.43 (SD = 7.58) 

days during the trial; t(45.00) = .38, p = .71, d = .12. Groupers played a mean of 3.05 (SD = 1.21) 

day/week, and participants in the single-player condition played a mean of 2.91 (SD = 1.26) 

day/week. The mean session length was not significantly different between Groupers and single-

player participants. Groupers played a mean of 42.13 (SD = 15.06) min/day, and participants in the 

single- player condition played a mean of 35.65 (SD = 8.22) min/day; t(21.53) = 1.64, p = .12, d = 

.43. Finally, the mean heart rate did not differ significantly between Groupers and single-player 
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Figure 5-5. Weekly mean minutes Groupers, Loners, and Single-Player participants played. 

participants. Groupers had a mean heart rate of 116.22 (SD = 9.10) bpm, and single-player 

participants had a mean heart rate of 118.86 (SD = 11.13) bpm; t(45.00) = -.83, p = .41, d = .26. 

 The differences in adherence behaviours, on the other hand, were generally significant between 

Loners and single-player participants. There was a significant difference in mean play duration 

between Loners and single-player participants; t(46.00) = -2.55, p = .01, d = 1.22. Loners 

participated in a mean of 387.80 (SD = 199.37) min during the study, and participants in the single-

player condition played for a mean of 630.77 (SD = 374.59) min. The magnitude of the differences 

in the means (mean difference = -243.73; 95% CI: -436.47 min to -50.98 min) was large (d = 1.22). 

Loners played for a mean of 64.51 (SD = 33.23) min/week, and single-player participants played 
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for a mean of 105.13 (SD = 62.43) min/week. The magnitude of the differences in the means (mean 

difference = -40.62; 95% CI: -72.75 min/week to -8.50 min/week) was large (d = 1.22).  

 There was a significant difference in the number of sessions played between Loners and 

participants in the single-player condition; t(46.00) = -2.17, p = .03, d = .67. Loners played a mean 

of 12.94 (SD = 5.64) days during the trial, and participants in the single-player condition played a 

mean of 17.43 (SD = 7.58) days during the trial. The magnitude of the differences in the means 

(mean difference = -4.49; 95% CI: -8.65 days to -.33 days) was medium (d = .67). Loners played a 

mean of 2.16 (SD = .94) day/week, and participants in the single-player condition played a mean 

of 2.91 (SD = 1.26) day/week. The magnitude of the differences in the means (mean difference = -

.75; 95% CI: -1.44 day/week to -.06 day/week) was medium (d = .67).  

 There was also a significant difference in mean session duration between Loners and single-

player participants; t(46.00) = -2.61, p = .01, d = .78. Loners played a mean of 29.29 (SD = 8.05) 

min/day, and participants in the single-player condition played a mean of 35.65 (SD = 8.22) 

min/day. The magnitude of the differences in the means (mean difference = -6.35; 95% CI: -11.25 

min/day to -1.46 min/day) was medium-to-large (d = .78). The mean heart rate, however, did not 

differ significantly between Loners and single-player participants; t(46.00) = -2.61, p = .16, d = 

.45. Loners had a mean heart rate of 114.27 (SD = 9.25) bpm, and single-player participants had a 

mean heart rate of 118.86 (SD = 11.13) bpm. 

5.4 Discussion 

 In the following sections, we first discuss our findings from comparing multi-player and single-

player adherence behaviours. Then, we discuss our findings from comparing Grouper, Loner, and 

single-player adherence behaviours. Finally, we address the comparison between these findings. 
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5.4.1 Multi-Player vs Single-Player Adherence Behaviours 

 We hypothesized that participants in the multi-player condition would play longer overall. 

However, multi-player capabilities did not augment adherence levels, as there was no significant 

difference in play duration between conditions. We speculate that there are three possibilities, one 

or more of which may have contributed to not seeing a significant difference between conditions. 

 First, it is possible that social play is not an important factor to exergame adherence. To date, 

there has been little research comparing multi-player and single-player exergame adherence. In the 

research that has been conducted, Chin A Paw et al. and our own research have found no 

statistically significant difference in play duration between multi-player and single-player groups 

[37]. Thus, despite its advocacy to exergame design [29,115,124,126], social play might not 

augment adherence in exergames. Given the dearth of evidence in this area, future research is 

warranted to confirm whether this is true of exergames in general. 

 Second, we were consistently releasing a new stream of games throughout the trial. Previous 

research has found that a single game may become unappealing, while incorporating multiple 

games in a trial may minimize the effect of over-familiarization [37,72,114,210]. Thus, it is possible 

that incorporating new games as the study progressed was sufficiently motivating to keep both 

groups playing, regardless of whether that was play against artificial intelligence opponents or real 

players; this should be formally tested in future studies.  

 A third possibility involves how we implemented multi-player capabilities. The success of 

multi-player play is usually due to the establishment of social groups with the other players. We 

provided headsets and included voice chat so that players could hear and talk to each other in the 

game. Players could also see each other’s avatars (e.g., the digital representation of a player) and 

play games with one another. However, none of the participants had met before the trial. It is 

possible that some people found it difficult to establish a social group with strangers. There is 

evidence to suggest that people who know each other beforehand maintain and reinforce their 
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relationships in multi-player games [204]. Future studies may benefit from pre-trial sessions so that 

participants become familiar with one another in person. Studies may also benefit from encouraging 

participants to socialize with other participants outside of the exergame. 

5.4.2 Grouper, Loner, and Single-Player Adherence Behaviours 

 In general, Groupers played for significantly longer durations and participated in more and 

longer sessions than both Loners. Groupers did not have significantly higher adherence than single-

player participants. Loners played for significantly shorter durations and participated in fewer and 

shorter sessions than both Groupers and single-player participants. Since participants were not 

blinded to the condition they were in (e.g., Loners knew they were in a multi-player setting), the 

results might indicate that being a Loner is a predictor of lower adherence in a multi-player 

exergame.  

 The only difference we found between Loners and Groupers, demographically speaking, was 

in program belonging. This fits with the belongingness hypothesis and relatedness in self-

determination theory, which propose that humans, in general, need to form social bonds [14]. If 

Loners were not fulfilling this innate need by readily forming groups, it could be the reason they 

dropped out. One potential explanation for this is attribution bias [61,80]. Since Loners knew they 

were in a social setting, they could have attributed their lack of belonging to Liberi.  

 We saw this in the transitions in adherence behaviours across time, as well. Some participants 

who played alone for longer durations early in the study started playing with others for longer 

durations as the study progressed, indicating they were forming social bonds. Other participants 

who played alone for longer durations early in the study stopped playing altogether, which indicates 

that these players were not forming social bonds. Participants rarely transitioned from group play 

to not playing. Instead, the more common transitions were from group play to alone play and alone 

play to not playing. The transitions we saw, along with the results from our analyses, demonstrate 
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how important program belonging is in an exergame. If participants do not form a strong sense of 

belonging by readily forming strong social bonds, it seems that they are more likely to stop playing. 

5.4.3 Comparison of Multi-Player vs Single-Player and Grouper vs Loner Play 

 We found no significant difference in adherence between the single-player and multi-player 

conditions. However, we did find significant adherence differences between Groupers and Loners. 

Groupers had significantly higher adherence than Loners. Thus, in the multi-player condition, some 

people responded positively, and others did not. This potentially negated any between-group effects 

of the multi-player versus single-player condition. If we had all Groupers in this condition (i.e., 

people who felt a strong sense of program belonging), we might have seen a between-group effect. 

 One explanation for the lack of a between-group effect is a possible flattening effect in the 

single-player condition, in which people who would naturally be Loners have higher adherence 

than in the multi-player condition. And, people who would naturally be Groupers have lower 

adherence in the single-player condition. We do not have enough data to draw definitive 

conclusions, but this is in alignment with attribution theory [61,80]. Furthermore, results from 

analyzing adherence difference between the single-player and multi-player conditions showed that 

the single-player condition had lower standard deviations than in the multi-player condition. Mean 

play session duration was 38.64 (SD = 16.68) min/day in the multi-player condition and 36.46 (SD 

= 13.48) min/day in the single-player condition; mean play duration was 105.13 (SD = 78.36) min 

in the multi-player condition and 100.79 (SD = 58.77) min in the single-player condition; and mean 

play frequency was 2.91 (SD = 1.39) days in the multi-player condition and single-player 2.64 (SD 

= 1.04) days in the single-player condition. This suggests that the flattening effect in the single-

player condition could explain why social play did not augment adherence.  

 It should also be noted that playing alone in the multi-player condition is different from playing 

alone in the single-player condition. In the multi-player condition, you can see and hear the other 
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players in the game. If someone has a low sense of program belonging, this could be exacerbated 

by observing and hearing others engaging in social play. This could explain why Loners potentially 

had higher adherence in the single-player condition. Conversely, players in the single-player 

condition who were naturally Groupers failed to get the motivational advantage of playing in a 

group, potentially leading to lower adherence. 

5.5 Implications for Designers 

 In this chapter, we examined the decisions players made when afforded the opportunity for 

social play in the Liberi exergame. We had two primary goals. Our first goal was to determine 

whether social play augments adherence in an exergame. Our second goal was to determine whether 

there are people for whom social play works well and those for whom it does not. In the following 

sections, we discuss implications that can be drawn from the analyses we conducted to accomplish 

these two goals. 

5.5.1 The Implications from Multi-Player versus Single-Player Adherence Behaviours 

 Contrary to our hypotheses, we found no significant differences in adherence behaviours 

between the multi-player and single-player groups in our study. This was unexpected because 

exergames have been found to be particularly suited for social interaction [58,127]. In addition, 

many authors have advocated incorporating social play in exergames [29,115,124,126]. Social play 

is also considered a core component of exergame design [115], and people enjoy playing multi-

player exergames [82,125,126,131]. We also implemented methods in Liberi to foster multi-player 

engagement. Liberi supports frictionless group formation to allow players to easily join up with 

other players. Liberi also features voice chat so that players can communicate with one another and 

has on-screen indicators that help players locate each other in the game world. The research thus 

far, though, has provided at least preliminary evidence that social play might not be important to 

adherence in exergaming studies [37].  
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 Taken together, this can be more broadly applied to future exergaming studies. Specifically, it 

should be noted that multi-player exergames can enhance presence, flow, and enjoyment over their 

single-player counterparts [116,201]. However, social play might not augment adherence to 

exergaming studies [37]. Thus, future studies might benefit from using social play primarily for 

enhancing engagement instead of adherence. 

5.5.2 The Implications from Grouper and Loner Adherence Behaviours 

 Consistent with our hypotheses, there were participants for whom social play worked well in 

Liberi and those for whom it did not. The people who engaged in social play the most, Groupers, 

had significantly higher play durations, play session durations, and play frequency than Loners. 

This indicates that being a Loner is a predictor of dropout in an exergaming study. Future study is 

warranted to determine whether being a Grouper or Loner is an individual difference variable, such 

as a personality difference, or a learning process that can be fostered through an intervention. The 

two player types only differed demographically in program belonging, suggesting that fostering a 

sense of belonging is important in exergaming studies. If being a Grouper or Loner is an individual 

difference, it might be more difficult to foster belonging in Loners and conversely, easier in 

Groupers. For instance, shyness can play a role in the difficulty of forming social bonds due to a 

fear of rejection [14]. But, evidence suggests that people who are shy still have a desire to form 

social bonds [14]. Thus, it is still important to foster a sense of belonging in exergames, but future 

studies should consider that it might be more difficult for some people to form groups than others.  

 Liberi fosters a sense of belonging by often providing group goals over individual goals [81]. 

In Bobo Ranch, for instance, players receive an equal reward when the game is finished. Indeed, 

this is a practice seen in games in general. Some multi-player games feature guilds, groups of 

players who join together to accomplish a common game goal [204]. It is typical for these games 

to hold guild events, which foster group engagement through in-guild cooperation and competition 
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with other guilds. Providing group play in this way has been shown to enhance and support social 

relationships among players [142].  

 In fact, the game itself might simply provide a backdrop to social play [142]. The strategies for 

socializing might have little to do with the original game [204]. In this case, the game’s goals often 

come secondary to social interaction. Thus, future studies might benefit from employing group 

goals and implementing guild features. However, even though guilds range in size, and small guilds 

tend to be more focused on social bonds than large guilds, current multi-player exergaming studies 

involve small numbers of simultaneous players. Our study supported only eight multi-player 

participants at once; thus, it would have been difficult to support multiple guilds in Liberi. In 

general, it might be more difficult to implement guilds in custom exergames, but group goals are 

still possible, as exhibited by Liberi. In addition, large-scale games have been converted to 

exergames [97]. This suggests that it is feasible to convert multi-player games to exergames that, 

like World of Warcraft [23], support thousands of active players simultaneously and support social 

interaction through guild play.  

5.6 Conclusion 

 In this chapter, we examined social play in exergames. We ran a nonrandomized control trial 

from January to December 2014 that compared a single-player suite of games to the same games 

in a multi-player condition. This gave us the opportunity to investigate the role social factors play 

in augmenting exergaming adherence behaviours. In general, social relatedness, or the need to 

belong, is thought to be an essential motivator that determines what choices people make (i.e., what 

they do with the agency afforded to them).  

 In our trial, we saw no difference in adherence behaviours between the multi-player condition 

and single-player condition. The overall adherence was higher than had been seen in previous trials 

[37,45,113,114], but the multi-player components did not augment adherence levels. This was 
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unexpected because social play is considered a core component of good exergame design 

[29,115,126,127] and is fundamental to theories of human motivation [14,75]. We hypothesized 

that this may be due, at least in part, to a lack of forming social bonds.  

 In further exploration of this conjecture, we discovered there was a dichotomy of player types 

in multi-player exergames that might determine overall adherence. Groupers were people who 

engaged in social play frequently, while Loners did not. Aside from mean heart rate, Groupers had 

greater adherence than Loners. They played longer overall, played more often, and played longer 

per session than Loners. There was evidence to suggest that one possible reason why social play 

did not augment adherence is a flattening effect in the single-player condition, in which people who 

would naturally be Loners have higher adherence than in the multi-player condition. And, people 

who would naturally be Groupers have lower adherence in the single-player condition. A single-

player condition does not grant Groupers the opportunity to play with others. Thus, they might have 

lower adherence in a single-player condition; conversely, Loners might have higher adherence in 

this condition.  

 In nearly all the factors we tested, such as gender, age, total physical activity, and win rate in 

the games, there were no significant differences between the two groups. However, there was one 

factor that stood out as the primary difference between Groupers and Loners. After two weeks of 

play, when groups would be expected to be formed, Groupers rated program belonging significantly 

greater than Loners. This underscores the importance program belonging has in exergaming 

adherence behaviours. Loners rated feeling a sense of program belonging significantly lower than 

Groupers, and they had significantly lower adherence than Groupers. This indicates that being a 

Loner is a predictor of general adherence in an exergame. It is important, then, for future 

exergaming studies to focus on fostering a sense of program belonging.  
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Chapter 6 

Conclusions and Future Work 

 People are not currently meeting physical activity guidelines. Exergames might help motivate 

people to exercise because games, in general, are engaging. Agency is an important component in 

games that helps make them engaging. But, agency poses challenges to the design and play of 

exergames. The rigid nature of exercise can make it challenging to introduce agency in exergames. 

Additionally, people have agency to choose if and how they play exergames, posing a challenge to 

motivate people to play and continue playing them to receive health benefits. Humans have a basic 

need to interact with others, which raises the potential that social play influences the decisions 

people make by motivating them to play exergames for long enough durations and at intensity 

levels suggested by health guidelines.  

 The research presented in this thesis provides valuable insights in how to introduce agency in 

exergames that must meet the constraints of rigid exercises, what people choose to do when they 

have full agency in exergames, and what decisions players make when afforded the opportunity for 

social play in exergames. We accomplished the first task by developing a set of game design 

techniques and a novel muscle-strengthening game that exemplified these techniques. For the 

second and third task, we conducted a six-week nonrandomized control trial that compared a suite 

of single-player games to the same games played in a multi-player setting within a home 

environment. We evaluated the games used in the study through objective measures by collecting 

quantitative data for each second of play.  

 The results of these studies helped us answer the three research questions we posed in the thesis: 

1. Is it possible to develop exergames for repetitive-motion exercise that grant players agency 

while meeting the rigid constraints of the exercise? 

2. When players have full agency in exergames, how do they choose to use this agency? 
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3. What decisions do players make when afforded the opportunity for social play in 

exergames? 

 Chapter 3 provided an answer for the first research question, Chapter 4 provided an answer to 

the second question, and Chapter 5 provided an answer for the third question. The following 

sections provide a summary of our findings and describe the primary contributions of this research, 

along with the limitations and potential future work for this research. 

6.1 Summary 

 In this thesis, we conducted two studies to examine the role of agency in the design and play 

of exergames. In the first study, we addressed the challenge of introducing agency when exercise 

is rigid. We developed techniques for overcoming this challenge and evaluated these techniques 

through a novel muscle-strengthening digital card game, Brains & Brawn. We found that 

participants improved exercise form over time, enjoyed the game, and experienced agency when 

playing the game.  

 In the second study, we performed a six-week nonrandomized control trial to examine what 

players do when they are provided with full agency in an exergame. We found that our exergame 

promoted high adherence levels compared to past interventions. We hypothesized that, as a primary 

human need, social play would influence participants in the multi-player condition to play 

significantly longer and more often than participants in the single-player condition. The results, 

however, showed that multi-player capabilities did not augment adherence levels, as there was no 

significant difference between the two conditions.  

 Through additional study of this trial, we found that there is a dichotomy of players in a multi-

player setting, those who choose to engage in social play (Groupers) and those who do not (Loners). 

Groupers had higher adherence levels than Loners. The lack of significant difference between 

conditions might have been due to a similar split in Groupers and Loners in the single-player 
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condition. A single-player condition does not grant Groupers the opportunity to play with others. 

Thus, they might have lower adherence in a single-player condition; conversely, Loners might have 

higher adherence in this condition. Results from analyzing adherence difference between the single-

player and multi-player conditions showed that the single-player condition had lower standard 

deviations than in the multi-player condition. This suggests that opposing situations between the 

multi-player (high Grouper adherence; low Loner adherence) and single-player (low Grouper 

adherence; high Loner adherence) conditions were a reason why social play did not augment 

adherence. The two groups differed solely in program belonging, which suggests that fostering a 

sense of belonging is essential to exergame trials. Overall, through our study into the role agency 

of agency in the design and play of exergames, we believe the contributions of this thesis provide 

an essential lens into the consideration of agency in exergame design that might aid in developing 

compelling exergames and improving future exergaming studies. 

6.2 Contributions 

 This thesis presents four main contributions to the areas of human-computer interaction and 

public health, specifically in the design of exergames, which examine the role of agency in the 

design and play of exergames. The contributions are: 

1. A set of design techniques for developing compelling repetitive-motion exergames while 

meeting the constraints of rigid exercises. These techniques were developed using an 

iterative design process. The techniques were evaluated through playtesting with a novel 

game we developed for strength training, Brains & Brawn. These techniques were: (1) 

enhance agency by providing rich gameplay during rest breaks; (2) utilize exercise form as 

a game mechanic to incent exercising with correct form; and (3) cautiously provide illusion 

of agency when real agency is not possible.  
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2. A muscle-strengthening card game that illustrates these techniques. Our muscle-

strengthening exergame, Brains & Brawn, employs the design techniques we developed. 

First, the game provides two modes of play; strategy mode provides strategic agency during 

rest breaks, and combat mode provides real-world agency during exercises. Second, the 

game rewards exercise form by tying exercise quality to damage/healing amounts. Third, 

Brains & Brawn judiciously provides illusion of agency around exercise choice to fulfill 

an exercise prescription. Players might believe that drawing a card from one of the five 

available character decks would result in a different exercise, but no matter what deck 

players draw from, the exercise is the next one required by the prescription. Evaluating the 

game through playtesting demonstrated that Brains & Brawn can meet the constraints of 

rigid exercises while also providing agency to players.  

3. An evaluation of exergaming behaviour among children within a home environment. We 

conducted a six-week nonrandomized control trial using cycle-based exergames to evaluate 

children’s exergaming adherence behaviours. Seventy-two children, aged nine to twelve 

years, who were not meeting physical activity guidelines at baseline, participated in the 

trial. Six-week cycle-based exergaming trials took place 5 day/wek in the early evening 

with online game supervision. Bike use was objectively recorded via game logs. This trial 

objectively demonstrated that our exergame promoted high adherence levels relative to 

past studies.  

4. An examination of the decisions players made when afforded the opportunity for social 

play in exergames. In the nonrandomized control trial, participants were allocated to a 

multi-player or single-player condition. The results demonstrated that multi-player 

capabilities did not augment adherence levels, as there was no significant difference 

between the two conditions. Through an evaluation of the multi-player condition in our 

study, we discovered a dichotomy of player types: Groupers and Loners. Groupers engaged 
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with the multi-player aspects frequently, and Loners did not. Groupers played longer 

overall, played more often, and played longer per session than Loners. Assuming there is 

a similar dichotomy in the single-player condition, since Groupers have no opportunity for 

social play, they might drop out. Conversely, Loners might have greater adherence. The 

single-player condition had lower standard deviations in the adherence data than the multi-

player condition. This suggests that opposing situations between the multi-player (high 

Grouper adherence; low Loner adherence) and single-player (low Grouper adherence; high 

Loner adherence) conditions are a possible explanation for why social play did not augment 

adherence. The primary difference between these players was their sense of program 

belonging, which suggests that forming social groups is important to adherence. 

6.3 Limitations 

 The limitations of this thesis include: 

 The design techniques we proposed for balancing agency with the constraints of rigid 

exercises were only evaluated for strength training, using three different exercises. We 

intended for the techniques to be used for a variety of exercises common to muscle-

strengthening and physical rehabilitation. Both types of exercise involve similar repetitive-

motion exercises, but it is possible that the techniques are not appropriate for all physical 

rehabilitation and muscle-strengthening exercises. Further research is required to 

determine whether the techniques are generally applicable to exercises outside those we 

used in our evaluation. 

 The design techniques were also only evaluated with only one style of game. While we 

developed our techniques to be applicable to additional game genres and suggest ways in 

which different genres can take advantage of the techniques, further testing is needed to 

see if this holds true. 
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 The nonrandomized control trial is limited due to the six-week trial duration. Six weeks 

was sufficient to provide insights into the exergaming adherence behaviours we were 

studying, but longer timeframes would be required to examine sustained involvement in 

exergames.  

 A further limitation of the nonrandomized control trial is the use of self-reported data for 

total physical activity. Self-reported data can be inaccurate, but total physical activity was 

not one of our primary outcomes for the study, and as stated in 4.1.7.2, it used a validated 

method for measuring the data [44,153].  

6.4 Threats to Validity 

The following might prevent generalization of the results presented in this thesis: 

 The design techniques we developed for repetitive-motion exercise have been evaluated 

through preliminary playtesting with eight participants. Additional study is required to 

assess the validity of our techniques. 

 In the nonrandomized control trial, sometimes the heart rate monitors did not work. The 

heart rate data were scaled during analysis to account for this, and the monitors worked for 

91.18% of total duration played (see 4.2.4.1).  

 For the analysis of heart rate in the nonrandomized control trial, we used a single value for 

maximum heart rate to calculate mean MVPA min. This is backed by evidence that heart 

rate does not significantly vary during childhood [57,161], but we recognize there are other 

ways to calculate mean MVPA min. 

 The age group of the participants studied in the nonrandomized control trial was 9-12 years 

old. This age group was selected because some younger children have been shown not to 

be able to use the bikes [107]. The games were also designed for a late elementary school 
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level and might not be as suitable for a mature audience. But, the results might not be 

generalizable beyond the age group trialed. 

6.5 Future Work 

 The initial research presented in this thesis can be advanced in several ways. Potential future 

work includes: 

6.5.1 Tracking Exercise Form Automatically 

 In the muscle-strengthening game we designed, Brains & Brawn, we made use of a Wizard-

of-Oz methodology in which the player assumed exercise form was being tracked by the game, but 

exercise form was actually tracked by a kinesiologist who analyzed the player’s form. There is an 

opportunity to further this research by providing a way to automatically track exercise form. This 

would allow deployment of the game in homes without the need for a specialist. However, it should 

be kept in mind that inaccurate tracking is potentially worse than providing no tracking at all. 

Inaccurate form tracking might motivate players to perform exercises incorrectly, negating the 

benefits of having a tracking system in place in the game. 

6.5.2 Developing Additional Games for Repetitive-Motion Exercise 

 Our design techniques were developed to be generally applicable to a wide variety of exercises 

and game genres. However, we have only developed one game that took advantage of these 

techniques. In Chapter 3, we suggested ways in which other game genres can use our techniques 

by, for instance, rewarding exercise quality. One example we provided was that resource 

management games could grant quicker resource collection. A potential implementation of 

rewarding exercise quality in a resource management game is one in which players must collect 

wood to build a house. An exercise could be required to chop down trees. Higher quality exercise 

could be rewarded with more wood collected per tree chopped. This is just one of many ways in 
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which our techniques could be implemented, and there is an opportunity in future work to create 

additional types of games using our techniques. 

6.5.3 Motivating Moderate-to-Vigorous Exercise Intensity 

 Exergames, in general, promote light-to-moderate intensity play [21]. We saw this in our 

research, as well. There is evidence to suggest that light-to-moderate intensity levels are beneficial 

to health [198], but physical activity guidelines generally recommend exercise intensity be 

performed in the moderate-to-vigorous range [184]. This provides an opportunity for exergames to 

be developed specifically to promote moderate-to-vigorous intensities. One of the challenges, 

however, is motivating moderate-to-vigorous exercise intensity [98] while also preventing 

overexertion [167]. 

6.5.4 Determining whether Groupers and Loners are Individual Differences 

 As discussed in Chapter 5, there were no significant differences between Groupers and Loners 

in nearly all the factors we tested, such as gender, age, total physical activity, and win rate in the 

games. However, future study is warranted to determine whether being a Grouper or Loner is an 

individual difference variable, such as a personality difference, or a learning process that can be 

fostered through an intervention.  

6.5.5 Fostering a Sense of Program Belonging 

 In Chapter 5, we discussed the importance program belonging has on adherence behaviours in 

exergames. We have suggested ways of fostering program belonging in future trials. For instance, 

studies might benefit from familiarizing participants with one another with pre-trial sessions, and 

it might be beneficial to encourage socialization among participants outside of the exergame 

whenever possible. It might also be advantageous to promote group goals in the games and grant 

the ability to form guilds if possible. But, this remains a rich avenue for future research. 
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unexpected event that alters the level of risk for the researcher or participants or situation that requires a substantial 
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within 48 hours. 

You are also reminded that all changes that might affect human participants must be cleared by the GREB. For 

example you must report changes to the level of risk, applicant characteristics, and implementation of new 

procedures. To make an amendment, access the application at https://eservices.queensu.ca/romeo_researcher/ and 

click Events - GREB Amendment to Approved Study Form. These changes will automatically be sent to the Ethics 

Coordinator, Gail Irving, at the Office of Research Services or irvingg@queensu.ca for further review and clearance 
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On behalf of the General Research Ethics Board, I wish you continued success in your research. 

Yours sincerely, 

Joan Stevenson, Ph.D. 

Chair

General Research Ethics Board 

c: Dr. Nicholas Graham, Faculty Supervisor
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Events - GREB Adverse Event Report). An adverse event includes, but is not limited to, a complaint, a change or 
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