
 Eindhoven University of Technology

MASTER

A study into the mediating effect of gamification on self-efficacy, perceived behavioural
control, motivation and behavioural measures in a physical activity program

Wang, L.

Award date:
2017

Link to publication

Disclaimer
This document contains a student thesis (bachelor's or master's), as authored by a student at Eindhoven University of Technology. Student
theses are made available in the TU/e repository upon obtaining the required degree. The grade received is not published on the document
as presented in the repository. The required complexity or quality of research of student theses may vary by program, and the required
minimum study period may vary in duration.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain

https://research.tue.nl/en/studentTheses/d592fedf-b57c-4c91-80ef-9dea3f5ed20c


 Eindhoven, February 2017 

 

 

 

 

 

 

 

           

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Identity number 0925398 

 

 

in partial fulfilment of the requirements for the degree of 

 

Master of Science 

in Human-Technology Interaction 
 

 

 

 

 

 

 

 

Supervisors: 

Boris De Ruyter  

Wijnand IJsselsteijn 

Alina Huldtgren 

Femke Beute 

A Study into the mediating effect of gamification on self-
efficacy, perceived behavioural control, motivation and 
behavioural measures in a physical activity program 

 

By Lu Wang 

 



Keywords:  

Behaviour change, physical activity, gamification, self-efficacy, perceived behavioural control, 

intrinsic motivation, internalization of motivation 

  



Preface 
 

This thesis describes my master graduation project of Human-Technology Interaction Program in 

Technology University of Eindhoven (TU/e). This project was established and carried out in Philips 

Research, while the experiment was conducted via TU/e. During this project, I realized that nowadays 

there are many people wish to have a healthier lifestyle, and persuasive technology is a great tool to 

help them by making the difficult process of behaviour change easier and more pleasant, therefore 

research in the field of persuasive technology are of great value. Moreover, after reviewing many 

successful applications of persuasive technology, I was fascinated by the fact that with an in-depth 

understanding of human psychology, technology can be used in so many ingenious and creative ways 

to help people live a better life. 

I would like to thank my supervisors from the HTI group in TU/e, Wijnand IJsselsteijn, Alina Huldtgren, 

Femke Beute, for they provided numerous great ideas, advice, thought-provoking feedback and other 

generous help along the way. I also would like to thank Martijn Krans from Philips Research, who 

provided indispensable resources and helps that make this project happen. In the end, special thanks to 

my supervisor in Philips Research, Boris De Ruyter, who taught me how to do research, and guided and 

helped me in every step of this project. 

 

 

Lu Wang 

Eindhoven, February 2017 

 

 

 

 

 

  



Abstract 
 

Activity trackers have become increasingly popular in promoting physical activity and have been 

utilized in physical activity coaching programs. However at the onset of such programs, previously 

inactive people may have low levels of self-efficacy, control and enjoyment towards the physical 

activity regimen. As these factors are important predictors of adherence to the physical activity regimen, 

it is important to promote them at this initial stage of a coaching program. This study investigated 

whether gamification can be used at the beginning of a physical activity program as an explicit 

intervention for increasing self-efficacy, perceived behavioural control, intrinsic motivation and 

facilitating internalization of extrinsic motivation towards the program. 

A gamified mobile app that aimed at increasing people’s perceived competence in physical activity by 

providing a successful experience in physical activity participation was developed first. Then a 15-day 

activity tracker-based physical activity program was provided, in which 42 participants were asked to 

try to achieve 10,000 steps every day, while half of the participants were asked to use the gamification 

app additionally in the first week. Self-reported measures were assessed before intervention, right after 

intervention and 1 week after intervention. Physical activity level, i.e., daily step-counts, was measured 

by activity trackers. Additionally, user experience was evaluated afterwards. 

Study results indicated that although most participants in the intervention group appreciated the 

gamification concept, they did not show more positive changes in self-efficacy or perceived behavioural 

control towards the program than the control group, and there’s a possibility that the gamification 

intervention may have interfered with the development of intrinsic motivation and integrated motivation. 

Besides, there’s a trend that the intervention group had a lower physical activity level during the 

intervention week. Possible reasons that might have caused these results were speculated, which include 

short duration of the intervention, relatively low motivation level in the sample group, usability issues 

about the gamification app, and the gamification intervention itself being too unchallenging, too 

controlling, contributing too little to the physical activity regimen, and serving as an external motivator. 

In the end, implications for future use of gamification were discussed. 
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1. Introduction 

Research has found that regular physical activity is beneficial to people’s health in many ways. It helps 

people to maintain a healthy weight, strengthen the bones and muscles. It reduces risk of cardiovascular 

disease and stroke, Type 2 Diabetes and Metabolic Syndrome, high blood pressure, colon and breast 

cancer. It may also help to improve people’s self-esteem, reduce depression, stress and anxiety, and 

improve sleeping ("Physical Activity and Health", Centers for Disease Control and Prevention). It has 

also been found that regular physical activity is associated with greater longevity (Biddle & Mutrie, 

2007).  

However, according to WHO, an estimated of 23% of adults (20% in male and 27% in female) over the 

age of 18 were not active enough in 2010 worldwide. Physical inactivity has become a major threat to 

health and a leading risk factor for mortality globally. About 3.2 million deaths each year were related 

to physical inactivity (Mendis, Puska, & Norrving, 2011). Hence, more than 100 countries around the 

world have included promotion of physical activity in their national plans (“Global Observatory for 

Physical activity”, n.d.). Yet increasing physical activity requires behaviour change, which is never easy. 

Many barriers may lead to one’s non-adherence to a physical activity plan, such as lack of time, lack of 

space for physical activity, lack of knowledge and skill in exercise, lack of support from others. 

Therefore it has always been a challenge to increase adherence to physical activity behaviour change.  

In recent years, wearable activity trackers and their companion mobile apps have become popular in 

helping people increase physical activity. In these applications, gamification has been increasingly 

adopted as a design strategy to motivate and engage people in performing desired behaviours by 

providing game-like challenges and rewards. However, the effectiveness of gamification in behaviour 

change was often criticized to be due to merely a novelty effect. As people lose interests in gamification 

elements, gamification will not be motivating anymore and people may fall back to the old behaviour. 

Nevertheless, if gamification could affect certain psychological correlates of physical activity adherence, 

such as perceived competence and control in physical activity, at the initial stage of behaviour change, 

where people often encounter various difficulties, it may lead to greater adherence to physical activity 

later. The current study aimed to investigate whether gamification can be used as an intervention at the 

beginning of a physical activity program for enhancing people’s self-efficacy, perceived control, 

intrinsic motivation and internalization of extrinsic motivation towards the program. 

1.1 Promoting physical activity using activity trackers  

In recent years, a variety of commercial accelerometer-based wearable fitness trackers (such as Fitbit, 

Jawbone UP, Nike Fuelband, Garmin, etc.) appeared on the market and gained popularity. The sales of 

fitness trackers in 2015 was 6975.3 million USD, and it was expected to reach 27083.0 million USD in 

2021 (“Global Fitness Tracker Consumption 2016 Market Research Report”, n.d.). These products aim 

to support people in achieving and keeping a healthy lifestyle. They usually track people’s physical 

activity (step-counts, active minutes and so on), sometimes also sleep, food intake, mood, and provide 

feedback through mobile apps or websites. 

Activity trackers, together with their companion apps, show great promise to promote physical activity 

in the public. First of all, they contain several most effective behaviour change techniques found in 

traditional physical activity interventions, which are goal-setting, self-monitoring and feedback about 

one’s physical activity (Michie, Abraham, Whittington, McAteer, & Gupta, 2009). Besides, their 

companion mobile apps can provide rich information and support, such as past performance, 

personalized suggestions, reminders and so on. Social networks can also be utilized to enable social 
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support and social comparison. Furthermore, compared to traditional clinical interventions that require 

health professionals to deliver behaviour change techniques, using physical activity trackers for self-

monitoring is ubiquitous, cost-effective and can reach a larger population. 

Activity trackers have proven to be useful in promoting physical activity in many physical activity 

interventions in the absence of face-to-face contact (Lewis, Lyons, Jarvis, & Baillargeon, 2015). For 

example, Cadmus-Bertram, Marcus, Patterson, Parker, and Morey (2015) examined the effect of using 

Fitbit and its website as a physical activity intervention among postmenopausal women. Participants 

were asked to perform 150 minutes of moderate to vigorous intensity physical activity (MVPA) every 

week and take 10,000 steps/day. Results showed that people who used Fitbit significantly increased 

their MVPA and step-counts at 16 weeks, while those who used pedometers did not show significant 

improvement. Wang et al. (2015) found in their study that using Fitbit and its companion 

website/mobile application with a goal of 10,000 steps/day helped overweight adults achieve a small 

but significant increase in MVPA from baseline to the 6th week. However, no significant increase in 

daily step-counts was observed. In a weight loss program (Pellegrini et al., 2012), participants used an 

energy monitoring armband and a website to monitor energy intake and expenditure, and additionally 

received behavioural lessons through mail and monthly phone calls. Results showed that they 

significantly increased physical activity and lost weight at 6 months, and the effect was no less than in 

the in-person intervention group.  

Pursuing a certain step goal every day has been used as the main strategy by many commercial fitness 

trackers to promote physical activity. The common recommendation is 10,000 steps/day, which was 

first proposed in 1965 when the first pedometer was marketed in Japan. So far, setting a step goal, 

combined with self-monitoring the progress, has been proved to be an effective strategy to promote 

physical activity. In a meta-analysis, Kang, Marshall, Barreira, and Lee (2009) found that in physical 

activity intervention studies, using pedometers had a moderate positive effect (2000 steps on average) 

on increasing physical activity. They also suggested that 10,000 steps/day was the most effective goal 

in interventions for adults. Sidman, Corbin, and Masurier, (2004) found that even for people with low 

physical activity levels, the 10,000 step goal could lead to improvement in performance as much as a 

lower personalized step goal. In the current study, during a period of 2 weeks, previously physically 

inactive participants were asked to try to achieve 10,000 steps every day by doing any kind of physical 

activity, while activity trackers and mobile apps were used to track their step-counts and provide 

feedback.  

1.2 Psychological determinants of physical activity behaviour change 

Interventions aimed at promoting physical activity are more likely to be successful when determinants 

of physical activity behaviour are targeted. Many determinants or correlates of physical activity have 

been identified, and they can be categorized mainly into: demographic and biological factors; 

psychological, cognitive, and emotional factors; behavioural attributes and skills; social and cultural 

factors; physical environment factors; physical activity characteristics (Trost, Owen, Bauman, Sallis, & 

Brown, 2002). In the current study, the focus was on three of the psychological and cognitive factors: 

the construct of self-efficacy, perceived behavioural control and motivation. They have been found to 

be associated with physical activity behaviour in many studies (Trost et al., 2002).  

1.2.1 Self-efficacy  

Self-efficacy, an important constructs in social cognitive theory, is defined as “beliefs in one’s 

capabilities to organize and execute the courses of action required to produce given attainments” 

(Bandura, 1997, p. 3). In adoption of a new behaviour, perceived self-efficacy largely determines one’s 
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choice of activities, amount of effort one will spend, and persistence in face of barriers. People with 

high self-efficacy are more likely to choose more challenging tasks, devote more effort, and are less 

likely to quit when they experience failures (Bandura, 1977). 

In physical activity programs, self-efficacy has been consistently found to be a predictor of adherence 

to physical activity regimens. For example, in walking programs participated by women, higher baseline 

self-efficacy for exercise was found to be correlated with greater adherence to the programs (Wilbur, 

Michaels Miller, Chandler, & McDevitt, 2003; Williams, Bezner, Chesbro, & Leavitt, 2008). Self-

efficacy during or at the end of a physical activity program also predicts the maintenance of physical 

activity. For example, in a weight loss program, exercise self-efficacy at week 4 was found to be a 

predictor of walking and stair climbing behaviour during following weeks (Linde, Rothman, Baldwin, 

& Jeffery, 2006). Wilbur, Vassalo, Chandler, McDevitt, and Miller (2005) found that higher self-

efficacy ratings at the end of an intervention were associated with greater adherence after the 

intervention. Moreover, individuals who demonstrated improved self-efficacy during the intervention 

period exhibited greater adherence in the maintenance period. 

McAuley, Courneya, Rudolph, and Lox (1994) found that self-efficacy was a stronger predictor of 

exercise adherence in the first few months of an exercise program than in later times, therefore they 

proposed that self-efficacy played a more important role at the early phase of physical activity behaviour 

change. Furthermore, it has been found in many studies that at the initial stage of a physical activity 

program people’s self-efficacy may drop (McAuley et al., 2011), as barriers such as time shortage and 

fatigue are often encountered, and failure of adherence and lack of improvement are often experienced. 

Therefore, it is especially important to improve self-efficacy at the beginning of a physical activity 

program.  

According to Bandura (1977), self-efficacy can be enhanced by four sources of information: mastery 

experience, social modelling, social persuasion, and emotional and physical arousal. Among them the 

most influential source is mastery experience, which is built by personal past accomplishments. Social 

modelling refers to seeing others’ success in performing the behaviour, which may increase one’s 

confidence in their own ability. Verbal persuasion from other people can also provide encouragement. 

Lastly, reducing negative emotions and negative interpretation of physical status can also help to 

increase self-efficacy.  

Increasing self-efficacy has been targeted in many physical activity programs through providing various 

efficacy information, and has been found to be effective in enhancing adherence towards the program 

(Larson, Covey, Kapella, Alex, & McAuley, 2014; McAuley et al., 1994; Rovniak, Hovell, Wojcik, 

Winett, & Martinez-Donate, 2005). In this study, the effectiveness of a gamification intervention in 

enhancing self-efficacy at the beginning of a physical activity program was investigated. 

1.2.2 Perceived behavioural control 

Perceived behavioural control, a construct from the theory of planned behaviour, defined as the 

perceived ease or difficulty of performing the behaviour, was proposed to be a predictor of both 

intention and behaviour (Ajzen, 2002). Perceived behavioural control is often considered to be closely 

related to the concept of self-efficacy, and sometimes they are even regarded as the same thing. But 

Ajzen (2002) suggested that perceived behavioural control is a higher-order concept that consists of 

two different components, self-efficacy and controllability. Different from self-efficacy, controllability 

refers to the extent to which one believes performing a behaviour is up to oneself. Therefore, perceived 

behavioural control is focused more on “the perceived control over performing the behaviour”. There 
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was also empirical evidence supporting the distinction between self-efficacy and perceived behavioural 

control (Motl et al., 2005; Terry & O'Leary, 1995).  

Past studies have found that higher level of perceived behavioural control was associated with higher 

physical activity level. For example, perceived behavioural control has been found to predict vigorous 

physical activity among adolescent girls (Motl et al., 2005), and leisure time physical activity among 

adults (Sas-Nowosielski, Grabara, & Hadzik, 2013). In a walking program (Darker, French, Eves, & 

Sniehotta, 2010), an intervention was designed to target perceived behavioural control through recall of 

successful past experiences with external and internal factors that influence walking. The intervention 

successfully led to increased perceived behavioural control, intention in walking and actual walking 

behaviour, and its effect on intention and behaviour was found to be mediated by perceived behavioural 

control. In the current study, the effect of a gamification intervention on people’s perceived behavioural 

control over a newly adopted physical activity program was examined.  

1.2.3 Motivation 

According to self-determination theory (Deci & Ryan, 2000; Ryan & Deci, 2000), people’s motivation 

in engaging in a certain behaviour varies from amotivation, extrinsic motivation, to intrinsic motivation, 

reflecting the degree to which the regulation of a behaviour is self-determined, from completely non-

self-determined to completely self-determined. Amotivation is a state of having no intention to attend 

the activity, therefore the regulation is completely non-self-determined. External, introjected, identified 

and integrated regulations represent four types of extrinsic motivation with different extent of 

internalization. External regulation refers to engaging in a behaviour only because of external pressures 

or external rewards. Introjected regulation involves internalization of motivation to the extent that one 

engages in an activity to avoid guilt or maintain self-esteem. As the extrinsic motivation internalized 

further, identified regulation happens when people recognize and accept the value of a behaviour. 

Integrated regulation represents the most internalized extrinsic motivation, which happens when one 

consider taking part in the activity to be consistent with one’s sense of self. In the end, intrinsic 

regulation involves engaging in an activity for the inherent enjoyment and satisfaction in doing so 

(Markland & Tobin, 2004).  

It was found that more internalized extrinsic motivation and higher intrinsic motivation were associated 

with greater engagement, better performance and lower dropout (Deci & Ryan, 2000). In the context of 

physical activity, it was found that intrinsic motives that related to enjoyment and competence were 

predictors of exercise adherence (Ryan, Frederick, Lepes, Rubio, & Sheldon, 1997). A meta-analysis 

found that more internalized forms of motivation were correlated with greater intention in exercise, 

sport, and physical activity (Chatzisarantis, Hagger, Biddle, Smith, & Wang, 2003). Therefore, it is 

important to promote intrinsic motivation and internalization of extrinsic motivation when promoting 

physical activity.  

Self-determination theory (Deci & Ryan, 2000) proposed that people tend to naturally internalize the 

behavioural regulations they adopted, giving personal meanings to them, although extrinsic motivation 

typically will not become intrinsic motivation. This tendency of internalization can be facilitated by 

feelings of relatedness, competence and autonomy, and the latter two are more crucial. When people 

feel competent in performing a behaviour, they are more likely to enjoy doing it. The meta-analysis 

study of Chatzisarantis et al. (2003) found that there was a moderate correlation between perceived 

competence and internalization of motivation in physical activity. However, although the feeling of 

competence may be enough for establishing identified motivation, it is not enough for more integrated 

and intrinsic motivation to evolve. For integration of a regulation to occur, perception of autonomy is 
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necessary. That is, people must perceive their behaviour as self-determined rather than controlled by 

external pressures.  

When starting a physical activity program, previously inactive people may have a poor self-perception 

of competence in physical activity participation, and they may start the program for external reasons 

(such as for health benefits or weight control), while having a low level of enjoyment. This study 

examined whether a gamification intervention aimed at increasing perceived competence in physical 

activity could lead to any increase in intrinsic motivation and any internalization of extrinsic motivation 

in a physical activity program. 

1.3 Gamification in promoting physical activity 

In using activity trackers to promote physical activity, it is especially important to motivate and engage 

users, as no supervision from health experts will be present. To achieve this, gamification as a design 

strategy has become increasingly popular in fitness applications. The most widely accepted definition 

of gamification is “the use of game design elements in non-game contexts” (Deterding, Dixon, Khaled, 

& Nacke, 2011). Game design elements are things like points, game-like reward, levels, challenges, 

competition, narrative, and virtual avatars. Gamification often utilizes some of these game elements to 

create a playful experience, thus engaging users in doing non-game activities. It also motivates people 

to perform desired behaviour by utilizing people’s innate desire to obtain achievements and make 

progress, such as collecting virtual rewards (e.g., points, badges), levelling up, wining competition, and 

completing missions. In return, obtaining achievements and making progress will foster the feeling of 

competence and thus may lead to increased motivation and engagement. 

Gamification has been adopted in different areas and has led to many successful cases. For example, 

the success of “Foursquare” gave credits to the use of gamification. Users of Foursquare can earn badges 

or even become “mayor” of a location by checking in at different locations. An online game called 

“FoldIt” once attracted people from all over the world to compete against each other in finding out 

required protein structures, which contributed to AIDS research (Richter, Raban, & Rafaeli, 2015). 

Some online education websites also gamified their learning experience to motivate and engage users. 

For instance, “Code School” and “Khan Academy” both incorporated badges and levels into their 

system. 

1.3.1 Increasing motivation and engagement in physical activity behaviour through 

gamification 

In the industry of activity trackers and mobile fitness applications, in order to engage users, Fitbit and 

Nike+ award users badges when they reach milestones. Fitbit also gamifies taking steps as a virtual 

adventure in different world-famous destinations, and users can unlock landmarks and collect virtual 

tokens along the way. Besides, Fitbit and Jawbone UP both let users compete with their friends. Some 

other mobile apps add virtual characters and background stories to gamify walking and exercising. The 

running game app “Zombies, run!” tells stories about zombies to runners through earphones, turning 

every run into an adventure to escape from zombies. The idea of using step-counts to nurture a virtual 

pet appeared since Nintendo first launched Pokemon Pikachu in 1998 and is still widely used today. In 

recent years, two location-based, augmented reality mobile games developed by Niantic, “Ingress” and 

“Pokémon Go”, gained great popularity globally. In “Ingress”, two factions of players scramble for 

virtual “portals” and “control filed” by moving in real world. In “Pokémon Go”, as players move around 

in real world, their avatars move on the game map and catch Pokémons they encounter. 
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In research area, the effectiveness of gamification in promoting physical activity has also been a popular 

research topic. Various mobile- or computer- based gamified prototypes have been developed and tested, 

focusing either on acceptability of the prototype or on its effect on physical activity behaviour. Below 

three types of most commonly used gamification elements are briefly discussed.  

Nurturing a virtual character:  Several studies developed gamification prototypes that linked user 

behaviour to the growth of a virtual character. For example, Lin, Mamykina, Lindtner, Delajoux, and 

Strub (2006) developed a computer game called Fish’n’Steps, linking user’s daily step-counts to the 

appearance and mood of a virtual fish. In the mobile game FitPet (Tong, 2015), users’ step-counts was 

converted to game coins, and would influence the growth of a virtual pet. In Ubifit mobile system 

(Consolvo, Klasnja, McDonald, & Landay, 2009), a garden blooms throughout a week as the user 

perform all kinds of physical activities. However these studies mainly focused on investigating user 

acceptance and user experience about the prototypes. Fish’n’Steps successfully raised participants’ 

awareness of their physical activity level and motivated them to increase their physical activity, but it 

became demotivating when one’s fish appeared incompetent. Users of FitPet appreciated the idea of the 

game, but their actual physical activity did not increase.  

Competition and collaboration: This gamification strategy utilizes people’s natural desires for 

competition and collaboration. Inconsistent results regarding to the effectiveness of this strategy were 

found across different studies. For example, Zuckerman and Gal-Oz (2014) found no significant 

difference in walking behaviour between a control group and a group used a real-time leaderboard, 

while in another study (Foster, Linehan, & Lawson, 2010), use of leaderboard had a positive effect. 

These contradicting results probably was caused by the fact that the first study was conducted among 

strangers and the second one were among Facebook friends. On a much larger scale, in the American 

Horsepower Challenge (Xu et al., 2012), 61 schools competed against each other on step-counts. 

Although participants demonstrated increased physical activity level, the maintenance was poor.  

More full-fledged games: There were also more full-fledged video games that incorporate real-life 

physical activity. In these games, physical activity served as a necessary tool to play the game. For 

example, a social mobile game Feeding Yoshi (Bell et al., 2006) was developed, in which players 

collected digital characters and food as they moved around the city in real life, while in another social 

game StepCity (Walsh & Golbeck, 2014), step-counts tracked by Fitbit was used as currency to buy 

buildings in a virtual city.  

Despite the great interests in gamifying physical activity, the efficacy of gamification in long-term 

maintenance of physical activity is doubtful. Throughout many studies, it was found that people often 

lost interests in gamification elements such as virtual rewards and gamified challenges soon (Lin et al., 

2006; Tong, 2015), and thus their physical activity behaviour might also decrease (Xu et al., 2012). In 

line with this, Alahäivälä and Oinas-Kukkonen (2016) proposed that gamification might work better in 

motivating people to start to exercise, but would become redundant later. Furthermore, Sakamoto, 

Nakajima, and Alexandrova (2012) criticized that current studies mainly focused on using gamification 

to engage users, but ignored to improve people’s intrinsic motivation. To achieve long-term physical 

activity adherence, it is important to improve people’s perceived competence and intrinsic motivation 

in physical activity, so that they will continue participating due to intrinsic feelings of well-being and 

enjoyment. 
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1.3.2 Potential of gamification in promoting self-efficacy, perceived behavioural control and 

motivation 

While gamification excels at motivating people to start to participate in physical activity, it also 

motivates people to make progress continuously, and thus may provide opportunities for people to 

experience mastery in participating in physical activity. Moreover, game mechanics may augment this 

mastery experience. For example, achievement systems, as a common game mechanic, can provide very 

easy tasks for onboarding, and then provide more and more demanding goals to drive people to make 

progress. Besides, a game often awards people with badges and higher levels to mark achievements and 

success, provoking feelings of accomplishment and gratification (Richter et al., 2015). As people 

continuously experience progress and receive positive feedback, they may perceive themselves as more 

and more competent in physical activity participation. Furthermore, as self-determination theory (Deci 

& Ryan, 2000) suggested, satisfaction of the need for competence may enhance intrinsic motivation 

and facilitate internalization of extrinsic motivation in participating in physical activity. 

Nonetheless, the effectiveness of gamification in promoting perceived competence largely depends on 

the choice of gamification strategies and their implementations. For example, the design of challenge 

level can be very subtle. According to Bandura (1977), only mastery of challenging tasks conveys 

evidence of improved competence. If the goals are too easy to reach, people may find it not challenging 

enough, as in the study of Tong (2015), and they will obtain little competence through their success. 

On the other hand, if the goals are too hard, repeated failures may lead to decrease in self-efficacy, as 

in the study of Lin et al. (2006), where people stopped engaging with the game after they saw that they 

were failing.  

Furthermore, the effect of gamification on intrinsic motivation can be more complicated. Gamification 

has been long criticized for merely using extrinsic rewards, such as points and badges to motivate people, 

but overlooking the self-directed discovery process that usually happens in video games (Ferrara, 2013). 

These external rewards may actually undermine autonomy and thus decrease intrinsic motivation, 

especially on tasks that people are already interested in (Hanus & Fox, 2015). In general, it was 

considered that when rewards are perceived as controlling (people perceive obtaining the rewards is the 

reason why they engage in an behaviour), they decrease intrinsic motivation, while when perceived as 

informational (people perceive that the rewards reflect their competence), they enhance intrinsic 

motivation (Mekler, Brühlmann, Tuch, & Opwis, 2015). 

The effect of gamification on self-efficacy and intrinsic motivation has been studied in several areas. 

Positive results were claimed in several qualitative studies in absence of control groups. For example, 

Harrold (2015) reported that gamifying an English course increased student self-efficacy. Through 

semi-structured interviews, Banfield and Wilkerson (2014) claimed that gamification increased both 

students’ intrinsic motivation and self-efficacy in a course. However, when it comes to quantitative 

studies, different conclusions were drawn. Mekler (2015) measured the effects of three common game 

elements (points, leaderboards and levels) respectively and compared to a control group, finding that 

use of gamification significantly increased performance in an image annotation task, but did not affect 

perceived autonomy, competence or intrinsic motivation. Hanus and Fox (2015) found that students 

who attended a gamified course which incorporated badges and leaderboards had lower level of intrinsic 

motivation and lower exam scores than students who attended a standard course. However, these results 

may not be generalized into the context of physical activity behaviour change, as participating in 

physical activity are very different from learning and image annotation. 

In the area of promoting physical activity, there seems to be little (if any) previous field studies 

quantitatively measured the effect of gamification in promoting self-efficacy or intrinsic motivation in 
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physical activity. However, there were relevant studies about the effect of exercise video games, also 

known as exergames. Gao, Zhang, and Stodden (2013) reported that children who played a dance game 

(Dance Dance Revolution) for 3 weeks showed higher self-efficacy and enjoyment than those who did 

aerobic dance. In contrast, in a 12-month study among students, Azevedo, Watson, Haighton, and 

Adams (2014) found no difference in self-efficacy between a group that experienced a dance mat 

exergame and a control group. In the study of Cebolla i Martí, Álvarez Pitti, Guixeres, Lisón, and Baños 

Rivera (2015), 42 children participated in a program involving brisk walking on a treadmill, while half 

of them experienced a virtual reality environment on an exergaming platform, yet no difference in self-

efficacy between two groups was found either.  

1.4 Current study 

Gamification has become a popular design strategy in the industry of activity trackers and mobile fitness 

applications in recent years. It motivates and engages users in performing desired behaviour, meanwhile 

also building competence as people make progress and obtain achievements, and thus has the potential 

to promote intrinsic motivation. However, past empirical studies mainly focused on evaluating the 

acceptance of various gamified prototypes in promoting physical activity, or measuring the effect of 

gamification on actual physical activity behaviour, while the effects of gamification on self-efficacy, 

perceived control, intrinsic motivation and internalization of motivation towards physical activity were 

rarely measured. Thus, the extent to which it can be used to promote these variables in physical activity 

programs was unknown. The current study aims to explore this question. 

Furthermore, previous studies always used gamification to motivate and engage people in an activity 

by gamifying the entire activity (such as turning walking behaviour into a process of raising pets or a 

competition in step-counts), and some studies also investigated whether gamifying an activity affected 

people’s self-efficacy and intrinsic motivation in the activity. Considering that gamification is most 

engaging only in a short time, this study investigates whether gamification can be used as an explicit 

intervention at the beginning of a physical activity program for promoting self-efficacy, perceived 

behavioural control and motivation towards the program. This study proposes that even if gamification 

may not be able to engage users for a long time, it may be able to motivate sedentary people to start to 

increase physical activity and build some competence as they make progress, thus helping to lower the 

threshold of starting a physical activity program. 

At the onset of an activity tracker-based physical activity program, previously inactive people often 

have a poor self-perception of competence in participating in physical activity and have a low level of 

control towards reaching a certain step goal. This study considers that a gamification concept may be 

used to provide more achievable and specific physical activity tasks that are different from reaching the 

step goal, so that even if people cannot reach the step goal everyday, they will still be able to complete 

the tasks in the game. As the tasks in the game become more and more demanding, people who succeed 

in the game will see that they are capable of performing a considerable amount of physical activities, 

so that their self-perception of competence in physical activity participation may get improved. Ideally, 

they may thus acquire higher intrinsic and internalized motivation in performing physical activity, and 

become more confident and perceive more control towards reaching the step goal of the program. 

Therefore, in this study, a gamified mobile app that aimed to provide a successful experience in 

participating physical activity was developed first. Then it was incorporated into the first week of a 2-

week activity tracker-based physical activity program, which had a goal of achieving 10,000 steps/day. 

To investigate the effect of the gamification intervention, half of the participants in the program used 

the gamified app in the first week while the other half did not. The second week of the physical activity 
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program was used to examine whether any positive effect of gamification would sustain when people 

no longer use the gamification app.  

The hypotheses about the effect of gamification on self-reported measures were: 

After both of the first and the second week, people who used the gamified app (and had a successful 

experience), compared to people who did not, would have more positive changes in self-efficacy, 

perceived behavioural control and motivation in achieving 10,000 steps/day. Specifically, a positive 

change in motivation may include increases in intrinsic regulation and internalized forms of 

regulation (such as integrated regulation and identified regulation), and decreases in external 

regulation and amotivation. 

The hypothesis about the effect of gamification on physical activity behaviour was: 

In both the first and the second week, people who used the gamified app (and had a successful 

experience), compared to people who did not, would demonstrate higher daily step-counts.  
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2 Method 

2.1 Study design 

A randomized controlled trial was used. All participants attended a 15-day physical activity program in 

which the goal was achieving 10,000 steps every day, while half of the participants experienced an 

additional gamification intervention in the first week. The main dependent variables were several 

psychological variables, i.e., self-efficacy, perceived behavioural control, intrinsic and extrinsic forms 

of motivation towards the program. Additionally, general self-efficacy was also measured. All variables 

were measured three times, i.e., before intervention, right after intervention (i.e., at the middle of the 2-

week program) and 1 week after intervention (i.e., at the end of the 2-week program). Besides, physical 

activity level, i.e., daily step-counts, was also measured during the program.  

2.2 Participants 

Participants that were living in Netherlands were recruited via Facebook, J.F. Schouten database and 

among TU/e students. The inclusion criteria were: 1) Apart from physical activities required for job, 

transportation and necessary housework, he/she did not take extra physical activities for recreation, 

sport, exercise or leisure (such as going to the gym, running, swimming, taking extended walks, etc.); 

2) He/she would like to increase daily physical activity. 3) His/her health condition allowed him/her to 

perform light to moderate intensity physical activities (such as jogging, brisk walking, jumping, etc.). 

Besides, he/she should be between the age of 18-50, non-pregnant, comfortable with reading and 

speaking in English, and was using a smart phone with an operation system of ios 9 or above, or Android 

4.4 or above. 

Power analysis indicated a sample size of 46 was necessary, giving 90% power to detect a medium 

effect size f = 0.25 of the intervention effect, with an alpha error level of p < 0.05. Due to lack of devices 

and difficulty in recruiting enough participants, in the end 42 participants were recruited, including 25 

males and 17 females, with an average age of 25.88 (SD = 6.06). Most of them were students of TU/e, 

some were people who were working or living in Eindhoven, while very few came from a different city 

in the Netherlands. Participants were randomly assigned to the control group (N = 21) and the 

intervention group (N = 21). 

2.3 Gamification concept 

For the intervention, a mobile gamification app called “FitMe” that worked on both ios and android 

platforms was developed using Ionic framework. The app asks its users to help a cartoon character to 

lose some weights by completing daily tasks of physical activity.  

The duration of the game was set to be 7 consecutive days, as it aimed to improve people’s perceived 

competence at the initial phase of a physical activity program. Quest (sometimes called as achievement), 

a game mechanic often used to increase engagement (Zichermann & Cunningham, 2011), was used as 

the main gamification element in this study. It usually contains a challenge consisting of a signifying 

element, rewards and completion logics (Hamari & Eranti, 2011). Hence, in “FitMe”, every day at 0 

o’clock a mission that contains small exercise tasks is released, and the user has 24 hours to complete 

the mission. One or two notifications (depending on their progress) are sent everyday to remind users 

to complete exercises. The 24-hour time window is used as it may encourage a habit of exercising every 

day. It was expected that if users saw that they could finish the mission everyday, they might become 

more confident in their stamina. Furthermore it may also exert time pressure and thus encourage the 

player to focus on the task.  
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Daily missions are composed of one or more types of moderate intensity physical activity, including 

jumping, squat, jumping jack and taking stairs, and the estimation of time needed to complete all tasks 

everyday is no more than 10 minutes. Missions are formulated in this way because, unlike the relatively 

challenging goal of taking 10,000 steps/day, they only require a small amount of time and effort, 

meanwhile offering users opportunities to do some moderate intensity aerobic exercise. Therefore, 

although people may find it hard to achieve the 10,000 step goal, they may still be able to reach the goal 

in the FitMe app every day. This may make them feel more and more competent in being physically 

active, and thus begin to exhibit more physical activity behaviours in daily life.  

Besides, the four activities were chosen also because they could be easily detected by a sensor-tag, a kit 

that contains 10 low-power sensors and supports Bluetooth connection (see Figure 2.1). While 

performing exercise, people need to wear the sensor-tag on their wrists. The accelerometer data stream 

recorded by the sensor-tag will be sent to the phone through Bluetooth, and the FitMe app is 

programmed to detect and count the target motions. Instructions on how to perform each exercise are 

provided in the “FitMe” app, and the interface is shown in Figure 2.2. Animated demonstration of the 

exercise will show up if tapping “show demonstration”.  

 
Figure 2.1 The sensor-tag 

               
Figure 2.2 The instruction on how to do squat 

The difficulty level of daily missions increases gradually during the 7 days. It is recommended that 

onboarding of a game should be easy to avoid overwhelming people (Zichermann & Cunningham, 

2011), hence at the first day the user is only asked to help his character burn 6 kcalories. 6 kcalories 

will be translated into 24 jumpings, which is the only skill the character has at this point (see as in 

Figure 2.3). Then the amount of calories needed to be burnt increases each day, along with more skills 

that can be used to complete tasks are unlocked one after another. The increment of workload adjusts 

based on user performance. If a user completes most of the missions, in the end he will be able to unlock 

all 4 skills and the daily mission will ask for burning more than 30 kcalories (see as in Figure 2.4), while 

failure to complete a mission will lead to less increment of tasks the next day. The goal here is to let the 

user experience success as much as possible meanwhile keeping the game becoming more and more 

challenging. As Bandura (1977) suggested, success in completing easy tasks does not help changing 

one's perceived self-efficacy, whereas mastery of challenging tasks is an important source of efficacy 
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information. Moreover, flow theory (Nakamura & Csikszentmihalyi, 2014) suggests that continuous 

increment in challenge level is crucial in keeping users engaged. 

The sense of autonomy is important in the derivation of intrinsic motivation and internalization of 

extrinsic motivation (Deci & Ryan, 2000). Therefore, to make the game less controlling, users have the 

freedom to adjust the amount of each exercise according to their preferences before they confirm the 

mission everyday, as shown in Figure 2.4. And they are also allowed to slightly increase the amount of 

exercise in a daily mission. Table 2.1 lists the default exercise tasks one will receive if one completes 

all tasks in all 7 days.  

Table 2.1 Default tasks in 7 days 

 Jumping Squat Jumping jack Stair climbing 

Day 1 24    

Day 2 24 12   

Day 3 36 18   

Day 4 32 16 24  

Day 5 40 20 30  

Day 6 36 18 27 18 

Day 7 40 20 30 20 

 

Avatars and virtual characters are widely used in gamified applications. They are considered to be able 

to evoke users’ empathy and emotional engagement so that users may invest more time and effort (Tong, 

2015). Taking care of a character and caring about its health outcomes may make users pay more 

attention to their own health (Reeves & Read, 2013). Therefore, an overweight cartoon figure was 

created in the gamification app and the users were asked to help him/her to lose some weights. This 

narrative context of helping a character lose weights justifies what users will be asked to do for the 

game and may increase fun and attention (Reeves & Read, 2013). Furthermore, customization or 

personalization is associated with higher empathy towards the character (Reeves & Read, 2013; Turkay 

& Kinzer, 2015) and increases commitment and engagement (Zichermann & Cunningham, 2011), so 

both a boy and a girl character were created to be chosen by the user at the beginning of the game (See 

in Figure 2.6).  

At the starting point, the character is severely overweight, at a level of 0, has a strength of 0 and only 

one skill, i.e., jumping (shown as in Figure 2.7). The rule of the game is that if the user completes the 

mission of a day, the character will level up and become skinnier. If one completes all missions during 

the 7 days, eventually the character will look like the one shown in Figure 2.8. Furthermore, as one 

performs exercise, the strength of the character will increase. When the strength bar is filled, a new skill 

of the character will be unlocked, which can be used to fulfil other tasks in the future. All these game 

incentives, rewards and immediate feedback are common gamification elements. By leveraging 

people’s inner drive of making progress, they are expected to motivate and engage users in performing 

desired behaviours. At the same time, they also represent accomplishments and thus may facilitate 

development of competence and self-efficacy in performing the tasks (Richter et al., 2015). 

A history tab was included in the FitMe app to keep a record of the past performance (see in Figure 2.5), 

because people often find these information useful in improving their future performance (Consolvo, 

Everitt, Smith, & Landay, 2006). Every day when the user opens the FitMe app for the first time, a 

prompt will show up, providing summary of yesterday’s performance and encouragement for the 

current day. These verbal persuasions are also important for promoting self-efficacy (Bandura, 1977). 
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Competition was not used in this gamification concept, although it is a game element that often 

effectively increases users’ engagement, and has been used very often in other study prototypes and 

commercial fitness applications. This was because competition between complete strangers may not be 

appreciated (Zuckerman & Gal-Oz, 2014), and people may have decreased self-efficacy if they find 

themselves always perform poorer than other people (Lin et al., 2006).       

 
Figure 2.3 The task on the 1st day 

 
Figure 2.4 The task on the 7th day 

 
Figure 2.5 The history tab 

 

 
Figure 2.6 Two characters were 

provided to choose from 
Figure 2.7 The look of the 

character on level 0 

 
Figure 2.8 The look of the 

character on level 7 
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2.4 Measures 

All scales and open questions used for measurement can be found in Appendices. 

Physical activity self-efficacy: Self-efficacy towards achieving 10,000 steps every day was assessed by 

the 13-item Physical Activity Assessment Inventory (PAAI) scale (Haas & Northam, 2010) (See in 

Appendix A). It was developed to measure self-efficacy towards not only structured exercise, as most 

exercise self-efficacy scales do, but also unstructured physical activity. This scale was more suitable 

for the present study as in the current physical activity program participants were not required to take 

structured exercise routines. Participants rated their degree of confidence in reaching the 10,000 step 

goal every day in face of various barriers (e.g., when they are feeling tired, during bad weather, etc.) 

using a range from 0 (cannot do at all) to 100 (highly certain can do). The mean score of all items was 

computed to represent physical activity self-efficacy. The internal consistency of the measure is 

between 0.94-0.96.  

Perceived behavioural control (PBC): A 4-item scale was developed to assess PBC over achieving the 

10,000 step goal every day (See in Appendix B). These 4 items were generated according to a manual 

for constructing questionnaires based on the theory of planned behaviour, with 2 items assessing 

controllability and 2 items assessing ease of performing the activity (Francis et al., 2004), which was in 

accordance with Ajzen’s conceptualization of PBC (Ajzen, 2002). All items were rated on a 7 point 

rating scale. According to the guideline, mean score of all 4 items were calculated to give an overall 

PBC score.  

Motivation: The motivation in taking extra activities to achieve 10,000 steps every day was measured 

through the Behavioural Regulation in Exercise Questionnaire (BREQ-3) (Markland & Tobin, 2004; 

Wilson, Rodgers, Loitz, & Scime, 2006) (See in Appendix C). Based on self-determination theory (Deci 

& Ryan, 2000), it measures the continuum of behavioural regulation in exercise (amotivation, external, 

introjected, identified, integrated and intrinsic regulation) based on people’s personal feelings about 

exercise. 24 items were rated on a 5 point scale from 0 (not true for me) to 4 (very true for me), so each 

form of the 6 regulations was assessed by the mean score of 4 items. The internal consistencies of all 6 

factors are all above 0.7.  

General self-efficacy: general self-efficacy was measured by the General Self-Efficacy Scale 

(Schwarzer, 1995) (See in Appendix D). It is a 10-item scale that was designed to assess optimistic self-

beliefs in coping with various difficult tasks or demands in life. Participants rated all items on a 4 point 

scale, ranging from 1 (Not at all true) to 4 (Exactly true). The sum of responses to all 10 items yields 

the general self-efficacy score. The internal consistency of this scale ranges from 0.76 to 0.90 in 

different countries.  

User experience in using Jawbone and FitMe app: User experience of using the gamification app 

inevitably greatly influenced user engagement with the gamification app and thus the effectiveness of 

the gamification intervention. Therefore, to generate implications for future use of gamification, 

participants’ experience in using Jawbone bracelet and FitMe app was investigated through online 

surveys and short interviews, and emphases were laid on evaluating acceptability towards the app, 

experience in using the app, and perceived influence of gamification on physical activity. Questions 

used in the surveys and interviews can be found in Appendix E. 

Physical activity level: Physical activity level during the 15 days, assessed by daily step-counts, was 

recorded by Jawbone UP bracelets. When one opened the jawbone App on the phone, the data stored 

in the bracelet was synced to the phone. If there was internet connection, then the data would be 

uploaded to the server. Due to shortage of devices, two types of bracelets (Jawbone UP24 and Jawbone 

file:///C:/Users/s145630/OneDrive/Master%20Thesis/EXERCISE%20REGULATIONS%20QUESTIONNAIRE.pdf
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UP2) were used (see in Figure 2.9 and Figure 2.10). To reduce the influence of potential difference in 

precision, each type was assigned to two groups equally. User accounts were created beforehand for all 

participant so that daily step-counts and detailed temporal step data across the whole day could be 

retrieved in the end. 

 
Figure 2.9 Jawbone UP24 

   
Figure 2.10 Jawbone UP2 

 

2.5 Procedure 

 
Figure 2.11 Study procedure 

The experiment was carried out in two consecutive sessions, 22 people participated in the first session 

and 20 participated in the second session. Except for the time difference, other conditions were the same 

in the two sessions. In each session, half of participants were assigned to the intervention group, and 

the other half were assigned to the control group. 

After being randomly assigned to two groups, participants were invited to TU/e to get instructions and 

collect devices. This was denoted as “Intake” in Figure 2.11. Only 1 or 2 participants from the same 

group were present at a time.  

Physical activity program: During intake session, each participant was asked to download and install 

the Jawbone UP app on the phone first, and then he/she was given the Jawbone bracelets. After logged 

in and completed basic settings, main functions of the app were introduced. Then the participant was 

assisted to set a daily goal of 10,000 steps in the app and was told: “Your task is, in the following 15 

days, try to reach or get as close as possible to the 10,000 step goal every day by doing whatever physical 

activities or exercise you like. Of course you can do more than 10,000 steps.” Next, tips on how to 

accumulate physical activities and how to use the Jawbone bracelet were given. In the next 15 days, all 

participants wore the bracelets during their waking hours. The step-counts was tracked by the bracelet 

and displayed in the app (as shown in Figure 2.12), and many other information about physical activity 

(e.g., active minutes, total calorie burn) could be found as well (as shown in Figure 2.13). 

Encouragements and tips about physical activity or general health tips were given by the app everyday, 

and some of them were personalized according to one’s performance. For example, “Yesterday you 

took 4294 steps. Today is a new day, full of opportunity. Head out and keep moving!”, “In another 1978 
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steps, you’ll meet your 4362 step 7-day average!”, “You may find that activity paired with mindful 

eating leads to lower stress and a more positive outlook.” The Jawbone bracelet has some other 

functions such as sleep tracking, setting idle alarms, logging workouts. They were briefly mentioned in 

the intake session but were not required to be used. 

Gamification intervention: Participants in the gamification intervention group additionally installed the 

FitMe app on their phone and each person was given a sensor-tag to be used with the app. They were 

told to use the FitMe app additionally from the 2nd to the 8th day of the physical activity program, and 

they were told that “Your task is, in the 7 days, to open the game everyday and try to finish the tasks as 

much as possible”. Then the FitMe app was briefly introduced, and how to use the sensor-tag to 

complete exercise tasks was demonstrated.  

After the intake, the physical activity program started the next day. Questionnaires including self-

efficacy scale, perceived behavioural control scale, exercise motivation scale and general self-efficacy 

scale were sent to participants through e-mail for 3 times altogether. The first time was in the evening 

of the first day of the physical activity program (denoted as t0 in Figure 2.11), since at this point people 

would have the idea of how many steps they could take in a day. The second time was the next morning 

after the 7-day intervention was finished (denoted as t1 in Figure 2.11). The third time was at the last 

evening of the program (denoted as t2 in Figure 2.11). At the second and third time, participants were 

also asked to recall if they had forgotten to wear the bracelet or if the bracelet was out of power on any 

of the days. In the end, after all psychological variables were measured, a survey regarding their 

experience with Jawbone and gamification app were sent to them to be answered.  

After the entire program was finished, participants were invited back to TU/e to return the devices, 

meanwhile short interviews were conducted to clarify some unclear responses and to gain a deeper 

insight into their experience. 

 

 
Figure 2.12 Step-counts shown in Jawbone App 

 
Figure 2.13 Other information about physical activity 

provided by the Jawbone UP App 
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3 Results 

Among all 21 participants in the intervention group, 9 participants completed all missions on 7 days, 3 

completed missions on 6 days, 2 completed missions on 5 days, and 7 completed missions on less than 

5 days (1 due to dead battery of the sensor-tag, 2 reported that the sensor-tags had problems in detecting 

some of their exercise, and the other 4 simply did not complete the tasks). People who completed 

missions on less than 5 days were excluded from the analysis of intervention effect, leaving 35 people 

altogether (14 from the intervention group and 21 from the control group), including 23 males and 12 

females, with an average age of 25.89 (SD = 5.79). Outlier analysis was carried out on both self-reported 

and behavioural measures first. No data was found to have a Z-score of < -3 or > 3, so no participant 

was excluded. 

3.1 The effect of intervention on self-reported measures  

Descriptive statistics of all psychological variables measured through scales are presented in Table 3.1.  

To examine group difference at t0 on all psychological variables, independent t-tests (when normality 

assumption was satisfied) or Mann-Whitney U tests (when normality assumption was violated) were 

used. To investigate the effect of intervention on all variables, change scores of all variables from t0 to 

t1, t0 to t2 and t1 to t2 were computed respectively, and then change scores of two groups were 

compared. If change scores within each group were normally distributed, independent sample t-tests 

were used. Otherwise Mann-Whitney U tests were used. Additionally, to investigate the change over 

time within each group, one-way repeated measure ANOVA test (when normality assumption was 

satisfied) or nonparimetric Friedman test (when normality assumption was violated) was used to 

examine whether there was any significant difference in psychological variables at three different time 

points, i.e., t0, t1, t2. For one-way repeated measure ANOVA, if Mauchly's test of sphericity indicated 

that the assumption of sphericity was violated, Epsilon (ε) was used for correction. Poc-hoc pairwise 

comparison was further conducted when the main effect of time was found.  

Table 3.1 Descriptive statistics of all self-reported measures in each group 

 

t0 t1 t2 

 

Control 

Mean(SD) 

Intervention 

Mean(SD) 

Control 

Mean(SD) 

Intervention 

Mean(SD) 

Control 

Mean(SD) 

Intervention 

Mean(SD) 

PA self-efficacy 49.93(15.33) 47.05(10.95) 52.61(12.80) 44.57(14.59) 49.05(11.48) 42.36(13.94) 

PBC 4.68(0.89) 4.05(0.99) 4.74(1.21) 4.20(1.18) 4.77(1.24) 4.29(1.53) 

General self-efficacy 31.29(4.09) 31.14(4.38) 31.19(4.47) 31.29(4.43) 32.24(4.56) 30.14(4.66) 

Intrinsic regulation 2.23(0.98) 2.21(0.83) 2.56(0.88) 2.11(0.53) 2.57(0.85) 2.30(0.57) 

Integrated regulation 1.49(0.90) 1.70(0.90) 1.92(1.00) 1.61(0.75) 1.98(0.90) 1.75(0.83) 

Identified regulation 2.48(0.91) 2.30(0.81) 2.79(0.64) 2.32(0.55) 2.73(0.65) 2.48(0.59) 

Introjected regulation 1.92(1.02) 1.59(0.88) 2.20(0.90) 1.46(0.78) 2.01(1.00) 1.55(0.67) 

External regulation 1.05(0.89) 1.21(0.79) 1.15(0.84) 1.11(0.70) 1.02(1.12) 0.91(0.69) 

Amotivation 0.92(0.81) 0.88(0.78) 0.83(0.78) 0.55(0.58) 0.64(0.76) 0.79(0.83) 

Note. PBC = perceived behavioural control. PA self-efficacy = physical activity self-efficacy. 
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3.1.1 Effect of intervention on physical acitiviy self-efficacy  

Mean scores of physical activity self-efficacy (i.e., self-efficacy towards achieving 10,000 steps every 

day) in two groups at three different time points, i.e., t0, t1, t2, were plotted in Figure 3.1. Result of an 

independent t-test showed that there was no significant group difference at baseline (t(33) = 0.604, p = 

0.550, Cohen’s d = 0.21). Independent sample t-tests were used to examine group difference in change 

scores. Results (see in Table 3.2) showed that there was no significant group difference in change scores 

from t0 to t1, t0 to t2, or t1 to t2. Therefore, the gamification intervention did not significantly affect 

self-efficacy towards the physical activity regimen.  

One-way repeated measure ANOVAs were conducted to examine if self-efficacy differed at three time 

points within each group. Results showed that there was no significant change in self-efficacy over time 

for the control group (F(1.431, 28.624) = 0.797, p = 0.422, partial η2 = 0.038) or the intervention group 

(F(1.235, 16.056) = 0.994, p = 0.352, partial η2 = 0.071). 

 

Figure 3.1 Mean scores of physical activity self-efficacy in each group at each time point. Error bars represent 

standard errors.  

Table 3.2 Group difference in change scores of physical activity self-efficacy 

Time 
Control group  

Mean (SD) 

Intervention group  

Mean(SD) 
t(33) p Cohen’s d 

t0 - t1 2.69 (15.69) -2.49 (14.81) 0.977 0.336 0.337 

t0 - t2 -0.88 (15.20) -4.70 (14.63) 0.739 0.465 0.255 

t1 - t2 -3.56 (8.21) -2.21 (5.76) -0.535 0.596 0.185 

 

3.1.2 Effect of intervention on perceived behavioral control  

Since the perceived behavioural control (PBC) scale was constructed based on recommendations from 

Francis et al. (2004), the internal consistency was examined first. Across three times of measurement, 

Crobach’s Alpha were 0.438, 0.747 and 0.786 respectively. Since they were acceptable at 2 out of 3 

times, responses of this scale were still analysed.  

Mean scores of PBC towards achieving 10,000 steps every day for each group at each time point were 

plotted in Figure 3.2. Group difference at t0 was marginally significant (t(33) = 1.939, p=0.061, 

Cohen’s d = 0.669). There was no significant group difference in change scores from t0 to t1, t0 to t2, 

or t1 to t2 (see Table 3.3). Therefore, the gamification intervention did not significantly affect PBC 

towards the physical activity regimen. Besides, no significant difference in PBC at three time points 

was found within the control group (F(2, 40) = 0.126, p = 0.882, partial η2= 0.006) or the intervention 

group (F(2, 26) = 0.452, p = 0.641, partial η2 = 0.034). 
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Figure 3.2 Mean scores of perceived behavioural control in each group at each time point. Error bars represent 

standard errors. 

Table 3.3 Group difference in change scores of perceived behavioural control 

Time 
Control group  

Mean (SD) 

Intervention group  

Mean (SD) 
t(33) p Cohen’s d 

t0 - t1 0.06 (0.84) 0.14 (0.82) -0.290 0.774 0.100 

t0 - t2 0.10 (1.01) 0.23 (1.15) -0.372 0.713 0.128 

t1 - t2 0.04 (0.76) 0.09 (0.74) -0.206 0.838 0.071 

 

3.1.3 Effect of intervention on intrinsic and extrinsic motivation 

Mean scores on 6 forms of regulation (i.e., intrinsic regulation, integrated regulation, intrograted 

regulation, introjected regulation, external regulation and amotivation) that reflect intrinsic and extrinsic 

motivation were plotted in Figure 3.3 – 3.8 for each group at each time point.  

 
Figure 3.3 Mean scores of intrinsic regulation in each group at 

each time point. Error bars represent standard errors. 

 
Figure 3.4 Mean scores of integrated regulation in each group 

at each time point. Error bars represent standard errors. 

 

 

  

1

2

3

4

5

6

7

t0 t1 t2
M

ea
n

 s
o

cr
es

 o
f 

P
B

C

Time point

Control
group

Intervention
group

0

1

2

3

4

t0 t1 t2

M
ea

n
 s

co
re

s 
o

f 
in

tr
in

si
c 

re
gu

la
ti

o
n

Time point

Control
group

Intervention
group

0

1

2

3

4

t0 t1 t2

M
ea

n
 s

co
re

s 
o

f 
in

te
gr

at
ed

 
re

gu
la

ti
o

n

Time point

Control
group

Intervention
group



20 
 

  

 
Figure 3.5 Mean scores of identified regulation in each group at 

each time point. Error bars represent standard errors. 

 
Figure 3.6 Mean scores of introjected regulation in each group 

at each time point. Error bars represent standard errors. 

 
Figure 3.7 Mean scores of external regulation in each group at 

each time point. Error bars represent standard errors. 

 
Figure 3.8 Mean scores of amotivation in each group at each 

time point. Error bars represent standard errors. 

No group difference at t0 on any of the 6 variables was found. Group difference on change socres were 

compared and results were presented in Table 3.4. It was found that there’s a trend that the control 

group had more positive change in intrinsic regulation from t0 to t1, and in integrated regulation from 

t0 to t1 and t0 to t2, but these effects did not reach statistical significance. Besides, the control group 

showed more decrease in amotivation from t0 to t2, but not from t0 to t1. No significant group difference 

was found in change scores of other variables. 

To examine if any form of regulation differd at three different time points within each group, Friedman 

tests were carried out, as most variables violated the normality assumption and sample size was quite 

small. Results were displayed in Table 3.5. Significant time effect was found on integrated regulation 

in the control group but not in the intervention group. Therefore, poc-hoc pairwise comparison with a 

Bonferroni correction for multiple comparisons was conducted to compare integrated regulation scores 

at three time points within the control group, and it revealed that there were statistically significant 

changes from t0 (Median = 1.5) to t1 (Median = 2.0) (p = 0.041), and from t0 (Median = 1.5) to t2 

(Median = 2.25) (p = 0.026). To have a deeper insight on how did intrinsic regulation change from t0 

to t1and integrated regulation change from t0 to t1 and t0 to t2, scores of these two variables for each 

participant were plotted in Figure 3.9, 3.10 and 3.11. 
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Table 3.4 Group difference in change scores of 6 forms of regulation 

  

Control 

group 

Intervention 

group Mann Whitey U test 

Control 

group 

Intervention 

group T-test 

 Time 
Mean  rank Mean rank 

Z p r 

Mean change 

(SD) 

Mean change 

(SD) t(33) p Cohen's d 

Intrinsic 

regulation 

t0 - t1      0.33 (0.69) -0.11 (0.68) 1.862 0.071 0.642 

t0 - t2      0.35 (0.77) 0.09 (0.59) 1.053 0.300 0.363 

t1 - t2 

     

0.01 (0.44) 0.20 (0.46) -1.197 0.240 0.413 

Integrated 

regulation 

t0 - t1 20.50 14.25 -1.786 0.074 0.302      

t0 - t2 20.62 14.07 -1.892 0.059 0.320      
t1 - t2 17.14 19.29 -0.614 0.539 0.104 

     

Identified 

regulation 

t0 - t1 19.57 15.64 -1.126 0.260 0.190      

t0 - t2 17.88 18.18 -0.086 0.932 0.015      
t1 - t2 16.00 21.00 -1.436 0.151 0.243 

     

Introjected 

regulation 

t0 - t1      0.29 (1.04) -0.13 (0.79) 1.254 0.219 0.433 

t0 - t2 19.19 16.21 -0.848 0.397 0.143      
t1 - t2   

   

-0.19 (0.73) 0.09 (0.66) -1.153 0.257 0.398 

External 

regulation 

t0 - t1 19.24 16.14 -0.886 0.376 0.150      

t0 - t2      -0.02 (0.78) -0.30 (0.61) 1.134 0.265 0.391 

t1 - t2   

   

-0.13 (0.81) -0.20 (0.37) 0.323 0.749 0.114 

Amotivation 

t0 - t1 20.33 14.50 -1.693 0.091 0.286      

t0 - t2 17.38 18.93 -0.442 0.658 0.075      

t1 - t2 15.24 22.14 -2.028 0.043* 0.343      

 

Table 3.5 Main effect of time on 6 forms of regulation within each group 

Regulation Group χ2(2) p 

Intrinsic  Control  3.246 0.197 

 

Intervention  0.520 0.771 

Integrated  Control  10.254 0.006** 

 

Intervention  0.927 0.629 

Identified  Control  1.629 0.443 

 

Intervention  2.311 0.315 

Introjected  Control  1.900 0.387 

 Intervention  0.809 0.667 

External  Control  0.783 0.676 

 

Intervention  5.061 0.080 

Amotivation  Control  2.926 0.232 

 Intervention  5.391 0.067 
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Figure 3.9 Intrinsic motivation scores at t0 and t1 for each participant 

 

 

 
Figure 3.10 Integrated regulation scores at t0 and t1 for 

each participant 

 
Figure 3.11 Integrated regulation scores at t0 and t2 for 

each participant 

3.1.4 Effect of intervention on general self-efficacy 

Mean scores of general self-efficacy for each group at each time point were plotted in Figure 3.12. 

There was no significant group difference at t0 (t (33) = 0.098, p = 0.922, Cohen’s d = 0.034). There 

was also no significant group difference in change scores from t0 to t1, t0 to t2, or t1 to t2 (see Table 

3.6). Therefore, the gamification intervention did not significantly affect general self-efficacy. Finally, 

there was also no significant change in self-efficacy at three different time points within the control 

group (F(1.457, 29.141) = 1.420, p = 0.254, partial η2 = 0.066) or the intervention group (F(2, 26) = 

1.019, p = 0.375, partial η2 = 0.073). 

Table 3.6 Group difference in change scores of general self-efficacy 

Time 
Control group  

Mean rank 

Intervention group  

Mean rank 
Z p r 

t0 - t1 18.24 17.64 -0.172 0.864 0.029 

t0 - t2 19.71 15.43 -1.222 0.222 0.207 

t1 - t2 20.10 14.86 -1.488 0.137 0.252 
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Figure 3.12 Mean scores of general self-efficacy in each group at each time point. Error bars represent standard 

errors. 

3.2 Group difference in behavioural measures 

3.2.1 Group difference in average daily step-counts 

Daily step-counts that below 200 were most probably caused by dead battery or forgetting to wear 

activity trackers, so they were treated as missing data. Besides, participants were asked to recall days 

when they forgot to wear the bracelet or the bracelet was out of power. Data on these days was also 

treated as missing value. Then, among the 15 days of the physical activity program, step-counts on 10 

weekdays were extracted as data on weekends may have a larger variation. Furthermore, data of the 

first day was also excluded as the intervention started from the second day. Therefore, data of 10 days 

for each participant was used for analysis. Next, average daily step-counts were computed for the first 

5 days and the last 5 days, representing physical activity level during and after intervention period 

respectively. For convenience sometimes they will be denoted as step-counts of first week and second 

week in this report. Figure 3.13 plotted all 35 participants’ average daily step-counts during the two 

weeks, with x-axis representing the first week and y-axis the second week. 

 
Figure 3.13 Average daily step-counts of each participant in two weeks 
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The average daily step-counts in each week for each group were plotted in Figure 3.14. Since the 

normality assumption was satisfied, two independent t-tests were used to compare average daily step-

counts between two groups in each week. For the first week, the assumption of homogeneity of 

variances was violated. The control group (Mean = 7989, SD = 3439) demonstrated an almost 

significantly higher average daily step-counts than the intervention group (Mean = 6132, SD =2145) 

(t(32.997) = 1.967,  p = 0.058, Cohen’s d = 0.679). For the second week, no statistically significant 

difference was found between the control group (Mean = 7690, SD = 3891) and the intervention group 

(Mean = 6600, SD = 2587) (t(33) = 0.919, p=0.365, Cohen’s d =0.317).  

 

Figure 3.14 Average daily step-counts of each group in two weeks. Error bars represent standard errors. 

To assess for each person if there was a monotonic upward or downward trend in step-counts over the 

10 weekdays, Mann-Kendall tests (Gilbert, 1987) were carried out. Results showed that 3 out of 21 

people in the control group showed upward trend, while 3 out of 14 people in the intervention group 

showed upward trend. Other people did not show any statistically significant upward or downward trend. 

No significant difference was found between the two groups using Mann-Whitney U test (Z = -0.383, 

p = 0.702, r = 0.065).  

3.2.2 Exploratory analysis on group difference in physical activity patterns 

Since there was a trend that the control group demonstrated higher step-counts than the intervention 

group, especially in the first week, the difference in physical activity patterns between the two groups 

in the first week was further explored. As physical activity can be performed in bouts of different lengths, 

from short walks during breaks and taking stairs, to extended walks, jogging and other sports, the control 

group may took either more short bouts of physical activity or more focused long bouts of physical 

activity than the intervention group. Therefore, the number of bouts of physical activity with different 

lengths was counted on each day for each participant.  

Specifically, raw step-counts data across the whole day were transcribed into bouts of physical activity 

of different lengths. A lower bound of 30 steps were used to detect a bout of physical activity, and also 

a minimum speed of 10 steps/minute were used to exclude random movement. When one appeared to 

be static for 1 minute, the bout was seen as finished. Then each bout was categorized into different 

length range: 30 – 100 steps, 100 - 300 steps, 300 – 600 steps, 300 – 1000 steps and above 1000 steps. 

Then for each participant, the number of bouts in each category was counted on each day, and a mean 

value of the 5 days was computed. Finally, the data for each participant was visualized in Figure 3.15, 

and the average of each group was shown in Figure 3.16. According to Figure 3.16, there’s a trend that 

people in the control group took more focused physical activity that contains more than 1,000 steps. 
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Figure 3.15 also showed that in the category of “>1000 steps”, most of the top participants were from 

the control group. 

 
Figure 3.15 Number of bouts of different lengths for each participant 

 

 
Figure 3.16 Average number of bouts of different lengths in two groups 
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3.3 User experience evaluation 

User experiences of all participants collected through both online surveys and short interviews was 

summarized in this session. Regarding the evaluation of the gamification app, feedback of 18 out of 21 

participants from the intervention group was considered, excluding 3 people who could not complete 

tasks due to technical issues.  

3.3.1 Experience in using Jawbone 

Participants were asked to briefly describe what extra physical activity (if any) they did during the study 

period. Most people reported taking more walks (either short or long), or commuting by walking, and 

a few participants reported doing sports such as tennis, squash, football, and going to the gym. 

Participants also filled in 2 open questions online, regarding their experiences in using the Jawbone 

bracelet and its app, which are: 

1) Do you think the jawbone bracelet is a product that is suitable for you? Does it motivate you 

to increase physical activities? Why or why not? 

2) Do you like the 10,000 step goal? Why or why not? 

For the first question, results showed that among all 42 participants, 37 considered Jawbone bracelet 

was helpful to promote their physical activity, with their attitude towards the bracelet ranging from very 

positive to somewhat positive. For example, one (female, 38, control) answered that “Yes, because it 

makes my activities visible.” One (female, 28, intervention) reflected that “I am not a sporty person, I 

rarely walk/exercise everyday. Since doing this experiment, I was motivated to walk outside and reach 

the goal”. Yet one (female, 31, intervention) said that “It does stimulate me to walk more, though it 

demotivates me when the extra effort is not really reflected in the amount of steps”. Among the rest 5 

people who did not have positive attitude, 1 (from control group) had difficulties in connecting the 

bracelet with the phone therefore did not like the bracelet, 4 (3 from the intervention group and 1 from 

the control group) indicated the bracelet did not motivate them to increase physical activity. For 

example, one (male, 23, control) answered that “No, but that may be because I knew I was only wearing 

it for the experiment.” One (female, 21, intervention) replied that “Well, it makes me aware of how much 

I move but it does not really motivate me”. Another one (male, 33, control) indicated “No. If it 

automatically knew that I was riding my bike, or doing other types of exercise without having to type 

them in I would be more interested.”  

For the second question, 27 people (12 from the control group and 15 from the intervention group, 

including people who seldom reached the goal) indicated that they liked having a daily goal of 10,000 

steps, although most of them indicated it was not easy. For example, one (male, 23, control) replied “I 

like it. It is achievable, but it requires a focused effort.”  Another one (male, 20, intervention) said “yes, 

it is fairly much but still reachable.” Meanwhile one participant (from the control group) thought the 

goal was too low and he reported that “yes I like it but I think it should be increased to 20000 steps.” 

By observing his behavioural data it can be found that although he only took around 5000 steps/day in 

the first 2 days, his performance in the rest of the days were greatly improved, especially in the second 

week, he reached 10,000 steps on 4 out of 5 days. 5 people (4 from control group and 1 from intervention 

group) did not explicitly indicate if they liked or did not like the 10,000 step goal, but indicated that a 

lower goal would be more appreciated, In fact, 2 of them had a 10-day average daily step-counts of 

above 10,000 but they both reported that it took them a lot of effort. One (male, 20, control) said “My 

average is more so it's certainly doable but it does cost a lot of time.” While the other one (male, 20, 

control) said “It sometimes feels like a major task, and sometimes also actually feels discouraging. If it 

was 8000, I think I would feel more manageable.” The rest 9 (4 from control group and 5 from 



27 
 

intervention group) explicitly stated that they did not really like the goal because it was too difficult to 

them. For example, one (female, 31, intervention) indicated “it seems to be out of reach for me, even 

when I put in some extra effort.” Another one (female, 22, control) commented that “10000 steps is 

excessive exercise for me. I'd rather have preferred a goal of 4000 steps.”  

3.3.2 Acceptance of gamification app 

This section summarized participants’ general acceptance towards the gamification app. Multiple 

choice questions were included in an online survey to investigate whether the app was easy and fun to 

interact with, and whether users would like to continue using it. Attitude towards the gamification app 

was also inquired in the survey. Further inquiries were made during the outtake session if the survey 

response was considered of interests or needed more explanation. Besides, people’s attitude towards 

having exercise tasks and toward the game format were also inquired more explicitly during the 

interview. These information may provide some implications for future design of fitness apps and 

gamification intervention. Overall, despite some dissatisfactions about the instability of sensors and 

some confusions about a piece of vague instruction on how to perform a certain exercise, participants 

generally showed positive attitude towards the gamification app. It was found that most participants in 

the intervention group completed exercise tasks for the gamification app at home, and mostly in the 

afternoon or in the evening.  

Ease of use:  

All 18 participants were asked to rate “Was it easy to understand and interact with the game app?” on 

a five point scale from “very easy” to “very difficult”. As shown in Figure 3.17, 15 chose “very easy”, 

3 chose “somewhat easy”, “neutral” and “somewhat difficult” respectively. Further interview 

discovered that one participant chose “somewhat difficult” because she did not understand the 

instruction on how to complete the task of taking stairs in the last 2 days, and thus spent extra effort to 

complete this task. In fact, a few other participants also reported this particular instruction were hard to 

understand, and two participants did not complete all tasks due to this reason. Besides, a few participants 

reported that the detection of exercise was not very accurate and the Bluetooth connection was slow 

occasionally.  

 

Figure 3.17 Responses towards the question of “Was it easy to understand and interact with the game app?” 

Fun to use the gamification app:  

On a five point scale from “a lot of fun” to “no fun at all”, participants rated “how much fun it was to 

use the game app?” 4 chose “a lot of fun”, 10 chose “some fun”, 2 chose “neutral”, 1 chose “hardly any 

fun”, and 1 skipped this question, as shown in Figure 3.18. The one who chose “hardly any fun” were 

inquired afterwards, and he explained that to him it was not really a game but just exercise tasks.   
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Figure 3.18 Responses towards the question of “How much fun it was to use the game app?” 

Continue using the gamification app:  

Participants rated “Would you like to continue using the game app if the game had more levels?” on a 

5 point scale. As Figures 3.19 shows, 7 chose “very likely”, 8 chose “likely”, and 3 chose “undecided”. 

Among the 3 people who chose “undecided”, one had difficulties in understanding the tasks due to the 

vague instruction, one said she did not like doing exercise, and the last one said he would continue to 

use it if the sensor would be improved and the game would be more interesting. In fact, he even proposed 

some ideas to improve the gamification concept, such as making it an exergame and adding better 

animations. 

 

Figure 3.19 Responses towards the question of “Would you like to continue using the game app if the game had 

more levels?” 

Attitude towards the gamification app and exercise tasks:  

Two questions were asked during the interview to explore people’ attitude towards the gamification 

app, which were “Do you like the gamification app?” and “If not for the study, are you interested in 

doing these exercise in the tasks in your daily life?” Among 18 participants, 16 people held positive 

attitude towards the gamification app in general, and indicated that they are interested in doing the daily 

exercise tasks. Except the obvious reason that these exercise are good for the health, some people also 

mentioned that it was quite interesting to use the app, and they also appreciated the idea of detecting 

their exercise. Additionally, 1 participant (female, 31) said she liked the gamification app because “I 

can get more exercise within the comfort of my own home”, One participant (male, 26) reported that “it 

motivated me to perform similar exercises whenever I took a break.” 

 It is worth mentioning that a few people did not increase other physical activities, but still completed 

all missions in the game. For example one participant (female, 23) said “I was very busy so I did not 

increase my step-counts so much, but the game tasks are good because it is more specific, and it is quite 

easy, and it is more interesting, so I always completed them, when I got home in the evening.”  

Only 2 participants said they were not interested in the gamification app or completing exercise tasks, 

instead they preferred only using the Jawbone bracelet. One (female, 23) said “the Jawbone was very 

nice. I talked with my friends and I would like to have one. But I do not like doing exercise." The other 

one (female, 21) said that “Sometimes when I’m in school, I received reminders from the (gamification) 

app, but I don’t feel like doing exercise, sometimes I forgot about it later.” These two people both 

completed missions on only 3 out of 7 days.  
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When asked “Would you like the idea of adding this kind of small exercise games to the jawbone app?” 

in the online survey, most people held positive attitude, saying it would be more convenient or add more 

fun to the Jawbone App. For example, one participant (female, 23) indicated that “Yes. Just more 

interesting.” One (female, 24) indicated that “Yes absolutely, jawbone is more like to record what you 

have done, but I did not see the suggestions for doing sports.” One (male, 22) reflected that “Having to 

wear 2 different devices is not that comfortable, instead if you could integrate red band and jawbone 

then it will be much easier and fun to use”. And another one (female, 31) said “Yes, definitely, this 

would stimulate me more to get exercising than the 10000 steps goal does.”  

When asked in the survey “Was using the app everyday a burden for you? Or were you glad to use it? ”, 

most people indicated they were glad to use it. Among those who weren’t, one (male, 26) mentioned 

that “Turning it on and connecting it” was a burden for him, and the other (female, 21) said “it was a 

burden because it took me time”, and both of them only completed missions only on 3 days. Also there’s 

one person who completed all tasks (female, 31) replied that “50/50, depending on if I had more or less 

time.” 

About the game format: 

During the interview, participants were asked “The tasks are given in the form of a game, there are 

characters, points, levels, skills. Do they have any influence on your motivation in doing the tasks?” 

Most people were positive about the game format, agreeing that the game format motivated them to do 

exercises. One participant (male, 31) explained that “it is more fun so I can do some exercise games 

instead of just a normal exercise”, one (female, 31) said “Yeah, I think so, I guess people often found 

games are more interesting”, and one (male, 20) specifically mentioned that “the fact that it is in game 

form motivated me.”  

Only a few participants said that although they appreciated the daily tasks, they did not really care about 

the game format. For example, one (male, 22) evaluated the gamification app as “Hardly any fun” 

because to him “it is not a really a game, it’s just exercise tasks”. He also said that it is unrealistic that 

the character changes from flabs to abs so fast in a week, and he preferred nice statistical representations 

such as graphs, with a much longer duration of usage. Another participant (male, 23) also indicated that 

“the game format is not so important. I think the tasks are enough.”  

3.3.3 User experience of the gamification app 

Participants’ evaluations and suggestions toward the gamification concept and their design ideas were 

collected through multiple choice questions and open questions in the online survey. The responses, 

supplemented by later interviews, led to following insights. 

Difficulty level of exercise tasks: 

On a five point scale from “too easy” to “too difficult”, all participants rated “Were the tasks easy for 

you to complete?” as “Easy” or “Neither too easy nor difficult”, and no one felt it to be too difficult, as 

shown in Figure 3.20. In later interviews, most participants indicated that the exercise tasks were 

actually very easy to complete and they could do more. This issue could be especially prominent for 

several people who did not complete all missions, since the game was programmed in a way that the 

increment of difficulty level would slow down if people failed to complete a mission. Some mentioned 

that it only took a few minutes every day. One (female, 28) mentioned the “the tasks are not difficult, 

but sometimes it was hard to start to do them.” One (female, 31) said that “I would have liked it more 

if I could go on and reach more levels when I have time and would like to be active.” This is also 

reflected in their suggestions for improvement, which will be discussed later.  
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Figure 3.20 Responses towards the question of “Were the tasks easy for you to complete?” 

Effort in keeping using the gamification app every day: 

All participants rated “How much effort did it take you to keep using the game app every day?” on a 

five point scale from “A lot” to “Not at all”. 7 chose “Somewhat”, 1 chose “undecided”, 9 chose “Not 

really”, as shown in Figure 3.21. 1 person’s rating (“A lot”) was found to be in conflict with his very 

positive response in other questions, so we consider he might have chose the answer incorrectly. 

 

Figure 3.21 Responses towards the questions of “How much effort did it take you to keep using the game app 

every day?”  

Elements that are motivating: 

To investigate what game elements increased users’ engagement with the app, all participants were 

asked the question of “What element(s) in this “FitMe” app motivates you to use this app?” in the survey. 

The mostly mentioned answers were “the missions/goals given” (mentioned by 6 people) and the fact 

that “the game character would became skinnier” (mentioned by 6 people). For example, there were 

comments such as “The goal for each day motivated me more”, “it’s interesting to see the change of the 

character”, or “The girl is thinner with not much of work makes me feel satisfied”, “The way each day 

the animated lady reduced in weight motivated me”. Furthermore, the progression can be made in the 

game was also valued by several users. For example, one participant (female, 25) suggested “I want to 

complete the mission and it is interesting to see there are more skills and higher levels”, one (male, 22) 

suggested “the motivation was learning new abilities and completing the tasks.”, and one (male, 22) 

mentioned that “The increasing variations in the activity requirement” motivated him. Besides, several 

people mentioned that the “cute interface” or “interface” made it more interesting. One participant 

answered that “The fact that I want to do it, combined with the fact that I know people will be evaluating 

my effort afterwards”. Additionally, one participant (male, 20) mentioned that “the fact that it is in game 

form motivates me”. 

Things disliked and suggestions for improvement: 

Following three questions were asked in the survey to investigate things people disliked and suggestions 

for improvement:  

1. What element(s) in the game app demotivate you to use this app?  

2. What do you dislike about the game app?  

3. Do you have any suggestions to improve or change the game app? 

11

7

Too easy

Easy

Neither too easy nor too difficult

Difficult

Too difficult

7

1

9

A lot
Somewhat
Undecided
Not really
Not at all
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Many dissatisfactions reported were about design and technical issues. There were comments such as 

“Highly unrealistic weight loss of the character”, “Animation is too simple”, “Not enough interaction 

with the game”, “Took a bit of time to connect to the sensor tag”, “activities appear repeatedly. Prefer 

more changes”, and there were urges for “better design”, “increase number of levels”, “more tasks and 

more types of exercise”, “more rewards”, “longer duration”, “better sensor”. Among them, “more tasks, 

exercise alternatives or more levels” were mentioned most often (6 people). Besides, several people 

mentioned that sometimes they could not complete tasks because they didn’t want to take the sensor-

tag with them during the day and it was too late when they arrived at home at night. For instance, one 

of them (female, 21) explained that “I think the sensor is quite fragile so I did not have it with me, 

otherwise I would have done it at school. Sometimes I feel disappointed that I cannot do it”. Although 

these issues can indeed influence user engagement to a large extent, they all had been considered during 

the app development and were found hard to be solved due to time and technical constraints. 

It is worth noting that more freedom in completing tasks was desired by 2 participants. One participant 

(female, 31) said she would like the tasks to be “less of an obligation to do a bit every day and give 

more freedom to do some extra activities when you have time and energy.” She indicated that “It had 

to be done within 24 hours, sometimes I don’t have time or I am not able to perform the activities. One 

day I had to do the activities just before bed. In that situation it took a bit more time than I was willing 

to give. Also when the activities are done, you have to wait for the next day, I would have liked it more 

if I could go on and reach more levels in the case when I have time and would like to be active.” The 

other participant (female, 21) proposed that instead of completing the mission everyday, she would like 

to be able to take one or two days off in every week, she mentioned that “I’m very busy, I have to stay 

in school before 5 o’clock. Then I go to work. I arrive hone very late. Sometimes I don’t have time to 

finish the mission.” 

There were also proposals that it would be nice to support connection with friends. One participant said 

that “it would be good to compare with friends, instead of using the character.” The other one (female, 

21) only completed missions for 3 days and she said she might have completed more tasks if she could 

see how her friends were doing. 

3.3.4 Perceived influence of gamification on physical activity  

Two open questions in the online survey were asked to investigate participants’ perceived influence of 

using the gamification app on their physical activity. They were: 

1) Did using the game app motivate you or demotivate you to increase physical activities outside 

of the game throughout your day? Why or why not? 

2) Did completing the mission every day make you feel more confident in keeping being 

physically active? Why or why not? 

For the first question, many participants said no and gave various reasons, e.g., “I felt the game was 

enough”, “if I do not use the app, I will still not do the activities by myself”, “I was too busy to exercise”, 

“it only helped during the game itself.” One participant (female, 24) said she spent a lot of effort to 

figure out how to complete the task of taking stairs and she felt too tired to do other activity. Only one 

person (male, 26) gave very positive response, saying that he would perform similar activity whenever 

he took a break. 

For the second question, most participants gave a positive answer for a variety of reasons. Such as “I 

could notice very minor improvements in my stamina and breath control”, “exercise makes me a little 

sweaty and it makes me healthy”, “It proved that I could have time and energy to do exercise”, “I felt 
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the mission is like ‘a starter’ to do physically active”. Several people mentioned that it gave them a 

sense of accomplishment after completing the mission everyday. The perceived challenge level was 

also an important influencing factor. Several people reported that the tasks were easy and thus did not 

give them much confidence, e.g., “the exercises were so easy that it did not make a real difference”, “It 

makes me a bit more confident but the tasks were not too hard”. On the other hand, the person who 

spent more effort than needed due to misunderstanding of the instruction (female, 24) said “some 

difficult missions made me recognize that walking is more suitable for me. I think I will walk more 

during daily life.”  

Additionally, when asked if using the gamification app influenced their pursuit of the 10,000 step goal, 

many people indicated they felt that the gamification app and Jawbone app had different goals, and they 

were not related. For people who had a low physical activity level, although some of them were able to 

complete all game tasks, they still felt the 10,000 step goal was too much. For example, one (male, 22) 

answered “Not really, because I knew that I’m not going to be able to do 10000 steps a day”, the other 

answered (male, 31) “No, because the target is different. In the game app, the target is not very difficult 

for me. But 10.000 step goal is a very difficult for me”, and another one answered (male, 20) “not really, 

it did not have a lot to do with walking”. 
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4 Discussion 

This study tested whether a gamification intervention incorporated at the beginning of a physical 

activity program could promote people’s self-efficacy, perceived behavioural control, intrinsic 

motivation and internalization of extrinsic motivation towards the program. The hypotheses were, 

people who experienced the gamification intervention in the first week of the physical activity program, 

compared to people who did not, would have more positive changes in self-efficacy, perceived 

behavioural control and motivation in achieving 10,000 steps/day, both right after the intervention and 

one week later. It was also hypothesised that they would demonstrate higher daily step-counts in both 

the first and the second week.  

However, these hypotheses were not supported by the results. Statistical results showed that the 

gamification intervention did not significantly influence participants’ self-efficacy and perceived 

behavioural control in reaching 10,000 steps per day, neither did it influence general self-efficacy. The 

intervention group did not demonstrate more positive change than the control group, and there was no 

significant change over time within each group. Furthermore, there was a non-significant trend that the 

control group had more positive change in intrinsic and integrated regulation. After examining the 

change of motivation within each group, significant increases in integrated regulation were found from 

beginning to the ends of both first and second week in the control group but not the intervention group. 

These results indicated that the gamification intervention may have interfered with the development of 

intrinsic motivation and internalization of extrinsic motivation. No significant change in other forms of 

regulation was found, and on average people already had low levels of “amotivation” and “external 

motivation” at the beginning. Besides, there was a trend that the control group had higher perceived 

control towards reaching the step goal at the beginning and had higher average physical activity level 

during the first week. However, it should be noted that due to the small sample size, the power of the 

study was low, so all following interperation of statistical results should be considered with caution.  

Despite the ineffectiveness of the gamification intervention in promoting self-efficacy, perceived 

behavioural control and motivation, subjective feedback about the gamification app was positive in 

general. Most people appreciated the gamification app and the exercise in the game, and they reported 

that the gamificaion app motivated them to perform the exercise for the game. 

4.1 Effect of gamification intervention on self-efficacy and perceived behaviour control 

Inconsistent with the hypothesis, results suggested that the gamification intervention did not have 

significant effect on self-efficacy and perceived behavioural control. After completing tasks from the 

gamification app for at least 5 out of 7 days, participants in the intervention group did not perceive the 

goal of achieving 10,000 steps/day any easier, neither did they feel more control over reaching the goal, 

comparing to both before the intervention and the control group. Possible reasons for this unexpected 

result are speculated based on theories and feedback from participants.  

First of all, there was evidence that the gamification intervention was not powerful enough. Most 

participants indicated that the tasks were easy to complete. Many participants also suggested that they 

would like the game to have a longer duration, more levels, more tasks and more exercise alternatives. 

As Bandura (1977) suggested, only mastery of challenging tasks, not easy tasks, helps to improve one's 

perceived self-efficacy. If participants were not challenged, their perceived competence in performing 

physical activity may not increase so much. In fact, when being explicitly asked if completing the 

mission everyday made them feel more confident in keeping being physically active, some people 

identified minor improvement, while some said the tasks were too easy to make a difference. Hence, it 

can be concluded that to promote people’s perceived competence, choosing an optimal challenge level 
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is crucial. The game should be challenging enough to make people feel more and more competent, but 

also not too difficult in order to avoid constant failures. It may be better to allow users to choose 

challenge level according to their own preferences, or allow users to progress at their own pace. Also 

the duration of the gamification intervention can be extended so that it will allow more progress to 

happen and thus have a stronger effect. 

In addition, even if people began to feel more competent in performing physical activity after they 

successfully completed exercise missions in the game, they may still have had low level of confidence 

in achieving 10,000 steps every day, as it was more difficult and required more time and effort. Some 

people indicated in the end of the study that the goal was too much for them and some even considered 

it as mission impossible, while several participants who performed well also reported that it required a 

lot of time and became a “major task”. There was a participant who completed all game tasks but 

showed significant decrease in self-efficacy towards achieving the step goal, as she found it was “out 

of reach”. Therefore, from the perspective of a physical activity program, setting lower personalized or 

graded goals may be beneficial, and more advice on how to incorporate more physical activity into daily 

life could be provided. From the perspective of gamification, it may be helpful if the tasks in the game 

could contribute more to the step goal. Current tasks in the game are moderate intensity exercises such 

as jumping jacks and squats, which do not contribute many steps. If some activities that involve taking 

steps are added (such as brisk walking) or gamified in a different way, people may still be motivated by 

gamification to perform the activities, meanwhile making more progress in accumulating steps. Besides, 

extending the duration of the current intervention to gradually incorporate more exercise is still a valid 

option in this case.   

Finally, some characteristics of the participant sample may have also impacted the result of the study. 

As most participants were students below 25 and were in good health conditions even without enough 

physical activity, they didn’t have a strong need and thus a strong motivation to increase physical 

activity. Although all participants claimed that they wanted to increase physical activity, and pursuing 

a step goal was appreciated by most of them as they usually did not take aerobic exercise, a few of them 

reported that 10,000 steps/day was too much and they thought it was not necessary. One student thought 

it was not necessary because he was healthy enough. Several others also had low motivation to spend 

time to reach 10,000 steps since they were very busy. For these people, their self-efficacy and control 

inevitably would be low. There were also some people cycled a lot and it was not counted by the bracelet, 

making them feel disappointed. Therefore it could have been better if the content and requirements of 

this program were explained more clearly during recruitment, and in the future activity trackers that 

take into account a broader range of activities can be considered.  

4.2 Group difference in physical activity level 

When looking at behavioural measures, there was a trend that the control group had higher average 

daily step-counts during the first week of the program, and they tended to take more extended physical 

activity (walks or exercise that have a longer duration) than people in the intervention group.  

One possibility is that the intervention group might have a lower physical activity level at the baseline, 

which unfortunately cannot be verified in this study, although it is in accordance with the lower level 

of perceived behavioural control in the intervention group at the beginning.  

Another possibility is that maybe the gamification intervention led to less step-counts during the day. 

Undesired as this was, it was possible that the gamification tasks distracted people from focusing on 

pursuing the 10,000 step goal. Knowing that they would spend time and effort on the game tasks, which 

were moderate intensity exercise, people might have felt lower level of need to also achieve the 10,000 
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step goal, especially when they found it was very hard to achieve. In fact, there was one participant 

indicated that the game app did not motivate him to increase physical activities outside of the game 

because he felt what he did in the game was enough, and there were also people who completed all 

tasks but reported that they did not really spend effort on taking more steps. To avoid this, the 

gamification intervention should be integrated into the exercise program better. Ideally it should be seen 

as complementary to the pursuit of step-counts, rather than being seen as separated from the Jawbone 

app, as was reported by many participants in the present study. For example, it might be better to 

integrate the gamification concept into the step-tracking app and use only one device altogether, so that 

it will be less obtrusive and take less effort to use. Besides, if the game tasks could contribute more 

step-counts, people would find it is more related to the physical activity program. In these ways, people 

may be more likely to stay focused on pursing the step goal.  

Since one’s attitude towards participating in a physical activity program can be largely influenced by 

their performance in the program, it is possible that the potential difference in changes of motivation 

found between groups was mainly caused by the group difference in performance, no matter if the 

performance difference was caused by the gamification intervention or not. However no convincing 

statistical support was found for this speculation, i.e., no obvious correlations were found between 

physical level and changes in intrinsic and integrated motivation in the current small sample. Besides, 

due to lack of baseline measurement, we cannot examine whether it was the increase of physical activity 

level compared to baseline that actually made a difference.  

4.3 Effect of gamification intervention on motivation 

In contrary to the hypothesis, results showed that the gamification intervention in the current study may 

have interfered with the development of intrinsic and integrated regulation. Self-determination theory 

(Ryan & Deci, 2000) proposed that people have the natural tendency to internalize values and 

regulations, and indeed after one week of participation, people in the control group had increased 

integrated regulation, indicating that they considered exercise as more congruent with their sense of self. 

However this did not happen in the intervention group. Besides, there was a non-significant trend that 

the control group exhibited more positive change in intrinsic motivation, compared to the intervention 

group. Although due to the small sample size these interfering effects were not necessarily true, it’s no 

doubt that the gamification intervention failed to promote intrinsic motivation and internalization of 

motivation.  

It was argued earlier that gamification may have the potential to promote internalization of motivation, 

as it can provide a mastery experience and thus increase people’s perceived competence, which is one 

of the factors that facilitate the tendency of internalization (Ryan & Deci, 2000). However, as self-

efficacy and perceived control hardly increased, their facilitation towards internalization would not take 

place. On the hand, reasons discussed in the following sections might have caused the gamification 

intervention to inhibit the development of intrinsic and integrated motivation towards performing more 

physical activity to achieve the 10,000 step goal of the program.  

4.3.1 Lack of support for autonomy in the gamification concept 

According to self-determination theory (Deci & Ryan, 2000), for an important activity, even if it is not 

enjoyable, people tend to internalize the regulation towards it. However, although people may recognize 

and accept the value of a behaviour (i.e., establish identified regulation) when they perform the 

behaviour only due to external benefits, only when they feel that their behaviour are self-initiated to 

some extent, will they start to give personal meanings to the required regulation (i.e., have integrated 

regulation). Therefore, for a regulation to be integral to one’s self or to be intrinsic, perceived autonomy 
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is needed, while excessive external pressures and controls will impede the process of internalization 

and development of intrinsic motivation. For example, it has been found that parental autonomy support 

was positively correlated with children’s internalized academic self-regulation and competence in 

school (Grolnick & Ryan, 1989). In an experiment in which people were asked to perform an 

uninteresting task, Deci, Eghrari, Patrick, and Leone (1994) found that when self-determination was 

supported, integrated regulation were more likely to occur, and they also found that providing choices 

rather than control facilitated the internalization of regulation. 

In the current study, the intervention group seemed to have experienced less internalization of 

motivation than the control group. This might be due to that the intervention group felt lower levels of 

autonomy over their exercise behaviour than the control group. Unlike in the control group where 

people had the freedom to do whatever physical activity they wanted, people in the gamification group 

were additionally asked to try to complete some specified exercise tasks for the game every day, which 

may made the game appeared to be controlling and thus threatened their sense of autonomy. As a result, 

the intervention group might have considered their exercise behaviour as less self-determined and thus 

hardly experienced any internalization of regulation in physical activity.  

The need for more autonomy was also reflected in the feedback from participants. One participant said 

that she would like the exercise in the game to be less of a task that needs to be completed every day 

even when she had no time to do it, instead she would like to do more exercise whenever she had time 

and energy. A few others reported that they did want to do the exercise but it was hard for them to 

complete it everyday due to other time commitment, and one of them proposed that the game should 

give the chance to skip one or two missions every week. Also, many people wished for more exercise 

alternatives, instead of the only 4 provided in the current app. Therefore, it might be good to support a 

wider variety of physical activities. Instead of telling people exactly what to do, some free-play could 

also be supported to encourage spontaneous exercise behaviour. When tasks are given, chances to opt 

out should be provided. Besides, the device should be wearable in daily life so that people may have 

more freedom in choosing their time for exercise. In these ways, people can have more autonomy in 

their exercise behaviour, so that the integration of motivation may occur, and the intrinsic motivation 

may develop. 

4.3.2 Potential detrimental effect on intrinsic motivation 

Walking and exercise can also be enjoyable activities in themselves, therefore people often have certain 

levels of intrinsic motivation in them. Yet the gamification in the current study did not help to promote 

intrinsic motivation, instead there was a trend that it may have interfered with the development of 

intrinsic motivation. One of the reasons might be that, as mentioned in the previous section, the game 

tasks were too controlling and threatened the perceived autonomy. However, it should be pointed out 

that even if enough autonomy was given to the user in the game, gamification would still serve as an 

external motivator, which has been found to undermine intrinsic motivation under certain circumstances. 

Cognitive evaluation theory (Deci & Ryan, 1985) has proposed that for an enjoyable activity, external 

incentives may undermine intrinsic motivation because they can externalize people’s perceived locus 

of causality of their behaviour, making people attribute their behaviour to external incentives rather 

than their own interests. Empirical evidence of this negative effect of extrinsic incentive on intrinsic 

motivation has been found in many situations (Deci, Koestner, & Ryan, 1999). Recently Etkin (2016) 

proposed that even without explicit incentives, drawing people’s attention to the output of an enjoyable 

activity (such as measuring one’s step-counts while walking, counting the number of pages have been 

read in book) may reduce perceived fun in the activity itself. In this study, people in the intervention 

group indeed have a quite external perceived locus of causality of exercise behaviour, although it may 
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not be caused by the gamification intervention. Several participants indicated that the game should give 

more exercise tasks, but only one voluntarily did similar exercise outside of the game, while the rest 

only did the exercise when it was required and thus recorded by the app. In addition, external incentives 

may reduce the likelihood for one to continue engaging in an activity in the future when the incentives 

are removed or become less effective. For example, Lepper, Greene, and Nisbett (1973) found that 

children who were once given a reward for coloring were less likely to choose to color again if no 

reward is given anymore. Therefore, in the current study, as people received external motivators such 

as tasks and rewards from the game, they might be less likely to perform physical activity voluntarily 

outside of the game where these external motivators are not provided, thus causing a lower physical 

activity level than the control group. 

However, even though being an external motivator, gamification may not necessarily inhibit the 

development of intrinsic motivation in a physical activity program. As Etkin (2016) suggested, in a 

goal-oriented activity (e.g., doing exercise in order to lose weight, reading as a task), external motivator 

may not undermine intrinsic motivation. Instead, it may even enhance intrinsic motivation as it 

visualizes progress. For example, when being told to read a book as much as possible, tracking the 

number of pages read can increase people’s enjoyment in reading (Etkin, 2016). Participants of a 

physical activity program often start the program for the health benefits rather than for enjoyment, and 

they often receive a goal in the physical activity program. In this case an external motivator may not 

undermine intrinsic motivation. Besides, cognitive evaluation theory (Deci & Ryan, 1985) also suggests 

that when perceived locus of causality is no affected, positive feedback may increase intrinsic 

motivation through enhancing perceived competence. Hence, gamification may still be able to promote 

intrinsic motivation towards a physical activity program by fostering competence, but this is certainly 

not a trivial thing to achieve.   

4.4 Limitations and future research 

Some issues about the measurement of self-reported and behavioural variables may also have affected 

the internal validity of this study. Firstly, all psychological variables were not measured during the 

intake session for the first time. Instead, questionnaires were sent to participants the next evening, i.e., 

the evening of the first day of the physical activity program. The reason for doing so was that at the 

point of intake, most people probably didn’t have the idea about how many steps they usually take every 

day and how much activity would make 10,000 steps. However, sending the first questionnaires through 

e-mails later caused that some participants responded immediately while some waited until the next day. 

Since the next day was also the day on which the gamification intervention started, there were 3 

participants in the intervention group actually completed the questionnaires right after they completed 

the first mission in the gamification app. Consequently, the time point t0 was not really the same to 

everyone, and thus may have affected the study result.  

Secondly, the measurement of physical activity level through Jawbone bracelet might have been not 

very accurate due to the following reasons. The Jawbone bracelet was recommended to be worn on the 

non-dominant hand, however this was forgotten to be told to participants during the intake. Instead 

participants were only told to wear the bracelet on the same hand. In addition, as mentioned before, two 

types of bracelet were used. Although they were equally allocated into two groups, several people in 

the intervention group were excluded from data analysis later, making the data potentially biased.  

Besides, it was very cold during the study period and people reported that they found the step-counts to 

be less than expected when they put their hands in pocket, but this may only happened to part of the 

participants. All in all, above limitations should be born in mind when interpreting the results. 
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Regarding to the gamification concept, user research was not emphasized during the development phase. 

Hence, it was not expected that most participants found the game tasks easy to complete, while to 

complete the tasks every day was considered difficult. In fact, it was anticipated that people would have 

no problem in completing tasks each day as it only takes less than 10 minutes. If user needs were 

investigated more during the development phase, the gamification app might have been appreciated 

more and the effect of intervention might have been improved. More elaborated gamification concepts 

may be developed in the future to serve as interventions in physical activity programs. 

Some usability issues about the gamification app may also influenced the effectiveness of intervention. 

Some could have been avoided by more comprehensive usability tests. For example, one piece of 

instruction on how to complete the task of stair climbing was considered unclear to some people, which 

caused confusions and unnecessary effort. While some other issues were hard to avoid due to external 

constraints. For example, the sensors were not stable in detecting motions for several users; it was 

inconvenient to use two apps and two devices separately, and the sensor-tag was big and unwearable; 

the design of gamification app was quite simple and was not very attractive. Therefore, better 

development and implementation of gamification is needed in order to serve as an effective intervention 

in physical activity programs. 

Regarding to the methodology, one of the weaknesses was that baseline step-counts was not measured. 

This was mostly because it would take too much time. However, this lack of baseline measurement 

prevented us from comparing people’s physical activity behaviour before and during the program. 

Besides, instead of recruiting most of the participants from a relatively active and healthy population, 

i.e., students, it is worthwhile to investigate the effect of a gamification intervention among a sample 

who have higher motivation in improving their health through increasing physical activity, such as 

sedentary office workers, or people who have heart health risks. Finally, the short duration of the 

intervention may also limited its effectiveness. To investigate its effectiveness with higher validity, 

future research may extend the durations of both the intervention and the physical activity program. 

4.5 Conclusions 

In conclusion, the gamification intervention used in the present study failed to promote self-efficacy, 

perceived behavioural control, motivation, as well as actual physical activity behaviour at the beginning 

of an activity-tracker based physical activity program, in which participants were encouraged to achieve 

10,000 steps/day. Moreover, there’s a trend that the intervention may slightly interfered with the 

development of intrinsic and integrated motivation. These results may be caused by many factors, such 

as the short duration of intervention, relatively low motivation in the sample group, usability issues 

about the gamification app. Moreover, the effectiveness of gamification intervention also largely 

depends on the design of the gamification concept. User feedback indicated that the gamification 

concept developed in the current study may be not challenging enough, gave too little autonomy to the 

user, and possibly distracted people from focusing on pursuing the step goal.  

Therefore, some implications for future use of gamification were learnt. First of all, to use gamification 

as an intervention for promoting perceived competence in physical activity, the game needs to be 

challenging enough so that people will perceive themselves as more and more competent as they make 

progress in the game, while at the same time it should not be too hard in order to avoid frustrating 

people. Allowing users to progress at their own pace and choose the challenge level according to their 

own preferences may be considered. Secondly, it may be good to have the exercise in gamification 

contribute more to the physical activity program, so that through playing the game people’s 

performance in the physical activity program will get improved, hence the competence people gained 
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from the game may be better transformed into competence for the physical activity program. For 

example, the exercise behaviour chosen to be gamified could be more closely related to the physical 

activity program. Also, the duration of the gamification intervention could be extended, so that the game 

can start from a very easy level and gradually incorporate more exercise, heading to merge with the 

physical activity program in the end. Thirdly, to avoid impeding the development of intrinsic motivation 

and internalization of extrinsic motivation in exercise and physical activity, gamification should not 

forget to support the need for autonomy. For example, chances to opt out can be provided when tasks 

and challenges are given, and free-play may be supported to encourage more spontaneous exercise 

behaviour. Lastly, it was also pointed out that, due to potential detrimental effects of the motivational 

mechanisms in gamification on people’s perceived locus of causality of their behaviour, whether 

gamification can be used to help to promote intrinsic motivation and internalization of motivation needs 

to be further investigated. 

Finally, it is worth noting that user feedback about their experience indicated that the gamification app 

was generally welcomed, and the acceptance towards gamification as an intervention at the beginning 

of a physical acitivity program was optimistic. Most people indicated that they appreciated the exercise 

involved in the gamificaiont app, as well as the idea of motion detection. Furthermore, some pariticpants 

indicated that they would like to have more tasks and exercise alternatives in the game, indicating that 

by making exercise more fun, gamification successfullly made people proactively want to do more 

exercise. Hence, it is worthwhile to further explore its potential value in promoting physical activiy, 

and how to maxmize its strengths and reduce its negative effects. 
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Appendices 

Appendix A: Physical activity self-efficacy scale 

Physical Activity Appraisal 

A number of situations are described below that can make it hard to stick to achieving the daily 

10,000 step goal. Please rate in each of the blanks how certain you are that you can achieve the 10,000 

step goal every day. 

Rate your degree of confidence by recording a number from 0 to 100 using the scale given below: 

 

1. When I am feeling tired 

2. When I am feeling pressure from work or school 

3. During bad weather 

4. During or after experiencing personal problems 

5. When I am feeling depressed 

6. When I am feeling anxious 

7. When I feel physical discomfort with an activity 

8. When I have too much work to do at home  

9. When I/we have visitors  

10. When there are other interesting things to do  

11. When I don’t have support from my family or friends  

12. When I have other time commitments  

13. When I do not feel well  
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Appendix B: Perceived behavioural control scale  

Please rate following items on a 7-point scale ranging form 1 to 7 

 

1. I'm confident that I could achieve the 10,000 step goal every day:  

Strongly disagree - Strongly agree 

 

2. For me to achieve the 10,000 step goal every day is 

Easy - difficult 

 

3. How much control do you believe you have over achieving the 10,000 step goal every day 

Absolutely no control – complete control 

 

4. Whether I achieve the 10,000 step goal every day is entirely up to me 

Strongly disagree - Strongly agree 
 

  



47 
 

Appendix C: Motivation scale 

Why would you engage in extra physical activities? 

Apart from physical activities required for your job, transportation and necessary housework, you may 

take extra recreation, sport, or leisure-time physical activities (such as going to the gym, running, 

swimming, taking extended walks, etc.) to achieve the recommended daily 10,000 step goal. We are 

interested in the reasons why people engage or not engage in doing these extra physical activities. 

Using the scale below, please indicate to what extent each of the following items is true for you. The 

"exercise" in the items means "doing extra physical activities to achieve a daily 10,000 step goal". 

 

1. It’s important to me to exercise regularly 

2. I don’t see why I should have to exercise 

3. I exercise because it’s fun 

4. I feel guilty when I don’t exercise 

5. I exercise because it is consistent with my life goals 

6. I exercise because other people say I should 

7. I value the benefits of exercise 

8. I can’t see why I should bother exercising 

9. I enjoy my exercise sessions 

10. I feel ashamed when I miss an exercise session 

11. I consider exercise part of my identity 

12. I take part in exercise because my friends/family/partner say I should 

13. I think it is important to make the effort to exercise regularly 

14. I don’t see the point in exercising 

15. I find exercise a pleasurable activity 

16. I feel like a failure when I haven’t exercised in a while 

17. I consider exercise a fundamental part of who I am 

18. I exercise because others will not be pleased with me if I don’t 

19. I get restless if I don’t exercise regularly 

20. I think exercising is a waste of time 

21. I get pleasure and satisfaction from participating in exercise 

22. I would feel bad about myself if I was not making time to exercise 

23. I consider exercise consistent with my values 

24. I feel under pressure from my friends/family to exercise 

 

*Note. For scoring, amotivation score is the average score of item 2, 8, 14, 20; external regulation 

score is the average score of item 6, 12, 18, 24; introjected regulation score is the average score of 

item 4, 10, 16, 22; identified regulation score is the average score of item 1, 7, 13, 19; intrinsic 

regulation score is the average score of item 5, 11, 17, 23; intrinsic regulation score is the average 

score of item 3, 9, 15, 21. 
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Appendix D: General self-efficacy scale 

Please answer each question by selecting the most suitable answer from: 

Not at all true      Hardly true     Moderately true       Exactly true 

1. I can always manage to solve difficult problems if I try hard enough. 

2. If someone opposes me, I can find the means and ways to get what I want. 

3. It is easy for me to stick to my aims and accomplish my goals. 

4. I am confident that I could deal efficiently with unexpected events. 

5. Thanks to my resourcefulness, I know how to handle unforeseen situations. 

6. I can solve most problems if I invest the necessary effort. 

7. I can remain calm when facing difficulties because I can rely on my coping abilities. 

8. When I am confronted with a problem, I can usually find several solutions. 

9. If I am in trouble, I can usually think of a solution. 

10. I can usually handle whatever comes my way. 
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Appendix E: Survey and interview questions 

Survey questions for all participants 

1. Please check your step-counts record since last time you filled in the questionnaires and 

recall: Did you find the step-counts seem to be incorrect on any of the days (may be due to 

some technical issue)? If so please write down when and what is incorrect. 

2. Did you forget to wear the bracelet or did the bracelet run out of power on any of the days? If 

so please indicate the date. 

3. Please briefly describe what extra physical activities (if any) did you do during the study 

period. (e.g., taking lunch walk every day, going to the gym twice a week, etc.) 

4. Do you think the jawbone bracelet is a product that is suitable for you? Does it motivate you 

to increase physical activities? Why or why not? 

5. Do you like the 10,000 step goal? Why or why not? 

6. Comparing to before the study, do you feel more confident in keeping being physically active 

after the study period? (Choose from Not at all, not really, undecided, somewhat, very much) 

7. Comparing to before the study, do you feel more motivated to keep being physically active 

after the study period? (Choose from Not at all, not really, undecided, somewhat, very much) 

Survey questions only for people from the intervention group 

1. If you met any technical issue when using the FitMe app or the red sensor-tag, please indicate 

what the issue was. And please try to answer the following questions under the assumption of 

"if you did not encounter technical issues". 

2. Was it easy to understand and interact with the game app? Choose from  

Very easy, somewhat easy, neutral, somewhat difficult, very difficult 

3. Were the tasks easy for you to complete? Choose from  

Too easy, easy, neither too easy nor too difficult, difficult, too difficult 

4. How much effort did it take you to keep using the game app every day? Choose from  

A lot, somewhat, undecided, not really, not at all 

5. How much fun it was to use the game app? Choose from  

A lot of fun, some fun, neutral, hardly any fun, no fun at all 

6. Would you like to continue using the game app if the game had more levels? Choose from 

Very likely, likely, undecided, unlikely, very unlikely. 

7. Please have a look at the history tab. If you did not finish all the tasks for the 7 days, please 

recall for what reasons you did not complete them? 

8. Apart from technical issues, what other difficulties did you encounter when using the game 

app? 

9. What element(s) in the game app motivate you to use this app? 

10. What element(s) in the game app demotivate you to use this app? 

11. What do you like about the game app? 

12. What do you dislike about the game app? 

13. Was using the app everyday a burden for you? Or were you glad to use it? 

14. Do you have any suggestions to improve or change the game app? 

15. Would you like the idea of adding this kind of small exercise games to the jawbone app?  

16. Do you always complete the game by really doing the physical activities (not just waving 

around the sensor)?   

17. Did using the game app motivate you or demotivate you to increase physical activities outside 

of the game throughout your day? Why or why not? 
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18. Did completing the mission every day make you feel more confident in keep being physically 

active? Why or why not? 

19. Did using the game app make you feel more confident in achieving a 10,000 step goal? Why 

or why not? 

Questions asked during outtake 

Following questions were asked to all participant, while some other questions asked based on their 

response in online questionnaires were not listed here. 

1. Do you like the FitMe app? 

2. Apart from using Jawbone you also used the FitMe app, does it add some value to you? Or do 

you prefer only accumulating step counts? 

3. If not for the study, are you interested in doing these exercise in the tasks in your daily life?  

4. How do you like the amount of the tasks? Are they too easy? 

5. The tasks are given in the form of a game, there are characters, points, levels, skills. Do they 

have any influence on your motivation in doing the tasks? 

6. Do you think it should have more levels, more skills and last longer?  
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