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The rapid penetration of labor-saving devices and task-oriented workplace norms 

have substantially reduced physical exercises while increasing sedentary behaviors 

in many office-based jobs. The prevalence of physical inactivity at work increases 

the risks of developing metabolic disorders, mental illnesses, and musculoskeletal 

injuries, threatening office workers’ physical and psychological well-being. To tackle 

such issue, many strategies have been proposed to facilitate workplace fitness 

initiatives, such as public policies, organizational wellness programs, promotional 

materials, and socioenvironmental changes, etc. However, it is challenging to reach 

the goals of these top-down strategies, once their applications fail to blend physical 

activity into everyday work and persuade individuals to keep up fitness levels in 

office settings. The emerging fitness-promoting technologies may be leveraged to 

support active lifestyles in the workday context. Through integrating ubiquitous 

sensing and human-computer interaction (HCI), interactive technologies can sense 

physical states of office workers and use that information to engage them in office 

exercises in the short-term as well as encourage their systemic behavior change in 

the long-term. This doctoral dissertation therefore explores this new perspective 

of office vitality: How to design interactive technology to facilitate workplace fitness 

promotion?

Work or Workout? 

Designing Interactive Technology 

for Workplace Fitness Promotion

Summary
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We unfold this research topic in three parts: envisioning, exploring, reflecting. In the 

first part of this thesis, we aim to envision the scope of the design explorations and 

the approach to undertaking the research investigations. In Chapter 2, we describe 

two kinds of related work. First, we provide an overview of existing strategies for 

workplace fitness interventions, which cover relevant behavioral science and public 

health research. Second, we present state-of-the-art designs using interactive 

technologies to support physical activity and encourage active lifestyles. Chapter 

3 involves investigating a strategic framework for workplace fitness promotion, 

based on the workflow management method and occupational health research. In 

this framework, we propose combining self-interventions within the work period 

(namely: micro-break) with group-interventions at the work intermission (namely: 

booster break) for improved office vitality. Based on this framework, we identify 

design opportunities of interactive technologies for workplace fitness promotion 

in three aspects: 1) facilitate moderate physical exercise during booster breaks; 2) 

facilitate low-effort fitness training during micro-breaks; 3) support adherence to 

fitness practices among office workers.  

In response to these opportunities, the second part of this thesis involves design 

explorations described in three chapters. In Chapter 4, we present ShuttleKicker, an 

interactive system designed to facilitate a leisure physical activity called shuttle-kick 

as a group-intervention in the workplace. We carry out two user studies based on 

two iterations of ShuttleKicker, aiming to leverage social interactions and digital 

augmentations respectively to support participation and engagement of fitness-

boosting breaks. In Chapter 5, we present a posture-based interactive system called 

HealthSit for promoting a short lower-back stretching exercise as a self-intervention 

in the work routine. We use HealthSit as a research probe to investigate the system 

interactivity in enhancing the quality of such micro-exercise and the resulted user 

experience, as well as validate its effectiveness in providing emotional benefits and 

mental task improvements. Chapter 6 involves exploring interactive technologies to 

vi
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support adherence to workplace fitness in two research projects. In the first project, 

we analyze some design cases and derive implications to ambient interface design 

for awareness support that can trigger self-regulated fitness behaviors at work. In 

the second project, we conduct a field study on using cooperative fitness tracking 

between two co-workers to promote mutual physical activities. We evaluate 

the effectiveness of such intervention and the impact of proximity between co-

workers on its adoption. Based on the study, we discuss design implications to 

interactive technologies that leverage the peer-bonding as a motivational factor for 

encouraging physical activity.  

The last part of this thesis contains our conclusions and reflection. In Chapter 7, we 

formulate answers to our research questions, reflect on our research and design 

process, and recommend directions for future work. In conclusion, this thesis 

presents a series of research and design of interactive technologies dedicated to 

workplace fitness promotion. Our work here makes the following contributions. First, 

we propose multidisciplinary strategies that blend self- and group-interventions 

into the working context for fitness initiatives and apply such strategies for helping 

the HCI research. Second, we develop HCI technologies that facilitate micro-exercise 

and booster-exercise and examine their impact in offering benefits to office workers. 

Third, we provide empirical evidence and derive context-specific knowledge for HCI 

applications to support exercise adherence in the work routine. We look forward 

to seeing further research developments from other designers, researchers, and 

practitioners, initiated by topics emerged from this work.
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1.1 Background

During past decades, the proliferation of information communication technology 

(ICT) and labor-saving device and service has improved the efficiency for task-

solving and eased the way of living. This transition has substantially reduced physical 

demands in everyday activities, including home life, office work, daily commuting, 

and recreational activities, etc. (Thorp, Owen, Neuhaus, & Dunstan, 2011). A lack 

of physical activity affects fatty acid metabolism, blood pressure, and body sugar 

level, increasing the risks of developing various chronic diseases, including obesity, 

cardiovascular disease, hypertension, type 2 diabetes, and some cancers (Haskell 

et al., 2007; Pate et al., 1995). Sedentary lifestyles also lead to some deleterious 

psychosocial experiences, such as depression, stress, and loneliness (Galper, Trivedi, 

Barlow, Dunn, & Kampert, 2006; Lee et al., 2012). Furthermore. the prolonged static 

sitting incurs higher incidence of low back pains, neck discomforts, chronic shoulder 

problems, and many other musculoskeletal injuries (Beach, Parkinson, Stothart, & 

Callaghan, 2005; Wynne-Jones et al., 2014). 

In recent years, there have been extensive discussions about how to reduce the 

adverse impacts of sedentary lifestyles and increase individuals’ health and well-

being. As introduced by the World Health Organization (WHO) and Centers for 

Disease Control and Prevention (CDC), one dominant strategy is to encourage people 

to develop physically active behaviors in everyday activities (CDC, 2014; WHO, 2015). 

However, sedentary lifestyles and the relevant determinants are presented distinctly 

among different scenarios of the daily routine (Owen et al., 2011). For example, 

people may addict to TV viewing, video gaming, or online surfing in the domestic 

setting and spend extended screen-time for the recreational purpose. People may 

reduce their physical movements due to the convenience of using automobiles and 

keep the body posture still in the transport. People may be stuck with the heavy 

workload and be unaware of their prolonged inactivity at work. Therefore, a general 
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health-promoting strategy may not apply to all the scenarios to sufficiently reduce 

sedentary conditions and effectively encourage physically active behaviors. In this 

Ph.D. research, we focus on the office-based working scenario, which is one of the 

prioritized contexts for health intervention and fitness promotion (Kortum, 2014).

Office work has been closely associated with sedentary lifestyles. A recent survey 

demonstrated that physically inactive time during work days is approximately 10% 

longer than that of non-work days (Medibank, 2007). The prevalence of sedentary 

behaviors at work has been shown as the leading cause of muscular disorders and 

spine overload. Nowadays, over one-third of musculoskeletal back pains are related 

to the lack of physical activity in office work (Wynne-Jones et al., 2014). Furthermore, 

sedentary occupations threaten metabolic health and lead to chronic disorders. 

Research by Hu and colleagues (2003) suggested that 2-hour-long seated work 

causes 5% higher risks of developing obesity and 7% higher risks of developing 

diabetes. Besides, 8% of depression cases have been linked to insufficient physical 

movements in the workplace (Kortum, 2014).

In the context of occupational health promotion, researchers have developed 

workplace strategies for fitness intervention from different perspectives, e.g., public 

policies (Carnethon et al., 2009), organizational wellness programs (Aldana, Merrill, 

Price, Hardy, & Hager, 2005), motivational materials (Plotnikoff et al., 2007), and 

socioenvironmental changes (Yancey et al., 2004). However, it is challenging to reach 

the goals of these top-down strategies, once their applications fail to blend physical 

activity into everyday work and persuade individuals to keep up fitness levels in 

office settings. It may easily turn out to be a lose-lose solution, which demands 

additional financial cost and disturbs the normal work routine (Neuhaus et al., 2014). 

Recently, emerging health-promoting technologies based on Human-Computer 

Interaction (HCI) have shown great potential to support fitness-promoting 

strategies in the workday context (Chung, Jensen, Shklovski, & Munson, 2017; Gorm 
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& Shklovski, 2016a). The rapid advance of sensing techniques and HCI may increase 

the interactivity of workplace fitness promotion and thus improving its effectiveness 

for individuals. For example, activity-sensing devices could sense physical states of 

office workers, provide then with real0time feedback to support office exercises 

(Mandryk, Gerling, & Stanley, 2014), and engage them with their personal 

informatics to encourage their systemic behavior change in the long-term (T. Fritz, 

Huang, Murphy, & Zimmermann, 2014). This Ph.D. research therefore explores this 

new perspective of office vitality by exploiting the advantages of HCI technologies 

to facilitate and promote workplace fitness initiatives. In this thesis, we seek viable 

solutions to resonate the design of interactive technologies with fitness promotion 

strategies to encourage physical activity in the workplace.

1.2 Research Opportunities

We uncover research opportunities of this thesis in three steps. First, we describe 

the benefits of physical activity in reducing the adverse health impacts of sedentary 

lifestyles from different levels . Second, we discuss our motivations and challenges 

to incorporate fitness-promoting interventions into office settings. Third, we 

summarize some key features of interactive technologies designed for promoting 

physical activity, which may be leveraged further in the context of workplace fitness 

promotion.

Encourage various levels of physical activity to against sedentary 
lifestyles 

Physical activity, any types of bodily movement by skeletal muscles that result in 

energy expenditure (Caspersen, Powell, & Christenson, 1985), could be categorized 

with different levels of intensity, ranging from vigorous- (e.g., basketball, running), 
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to moderate- (e.g., stair-climbing, brisk walking), to light-intensity (e.g., stretching, 

light walking) (Pate et al., 1995). Currently, there is a general belief among health 

professionals that sufficient physical exercises are decisive to strengthen physical 

fitness and prevent chronic diseases. For instance, it has been well-proved that 

the participation of moderate-intensity physical activity can improve the cardio-

metabolic health (Haskell et al., 2007). Public health organizations recommended 

a minimal amount of 150 minutes of moderate-intensity physical activity per week 

for overall health gain (Haskell et al., 2007; Pate et al., 1995). Following this guidance, 

growing attentions have been paid in leading people to meet the suggested amount 

of physical activity (Macvean & Robertson, 2013; Mueller et al., 2011).

While the society has been encouraging regular physical activity to improve the 

public health, chronic diseases related to sedentary behaviors are still a considerable 

threat to occupational health and are becoming severer due to the increasing pace 

of work over past years (Bauman, Allman‐Farinelli, Huxley, & James, 2008). According 

to Hamilton et al. (2008) and Owen et al. (2010), prolonged inactivity during non-

exercise time may eliminate the positive effects of periodical physical exercises. As 

shown in Figure 1.1(a), office-based employees may spend more than 30 minutes 

per day on some moderate- and/or vigorous-level physical exercises for improving 

their health status. However, their physical and psychological well-being are 

threatened by prolonged sedentary conditions, such as 8-hour seated work, 1-hour 

commute in the automobile, and 3-hour TV watch. Besides boosting short-term 

physical exercises, in other words, health-promoting interventions should also be 

designed to reduce prolonged inactive conditions (Owen et al., 2010). According to 

Figure 1.1(b), one solution can be blending some light-intensity exercises into the 

sedentary activities to break the consecutive inactive time into small pieces. Healy 

and colleagues (2008) found that the frequent alternations between passive and 

lightweight physical activities in everyday activities could contribute positively to 

the health outcomes and improve the quality of life. 
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30-min
Jogging

30-min
Breakfast

30-min
Transport

30-min
Jogging

30-min
Breakfast

30-min
Transport

30-min
Transport

30-min
Transport

3-hour
TV Watch

30-min
Lunch

30-min
Dinner

3-hour
TV Watch 
(with some 
exercises)

30-min
Lunch

30-min
Dinner

ba

‘prolonger’ ‘breaker’

Figure 1.1
Inspired by Hamilton et al. (2008), a visualization of the one-day routine between ‘prolonger’ 
and ‘breaker’ who perform the same amount of moderate physical activity. (a) the ‘prolonger’ 
accumulated sedentary time (dark areas of the bar) in the rest of the day, while (b) the ‘breaker’ 
interrupted the sedentary time with some mini-exercises (bright areas). 
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Promote physical exercises in the workplace

Given the substantial health benefits of physical activity at different levels, we 

think workplace fitness interventions should be designed with the following two 

strategies. Firstly, some moderate fitness exercises can be included for boosting 

desired office vitality. Secondly, some low-effort active behaviors can be introduced 

for reducing the prolonged sedentary time during work. One natural scenario to 

promote these different levels of physical activity at work is to facilitate regular 

breaks engaged with a variety of office exercises. There are various types of work-

breaks that can be leveraged for fitness interventions. A 15-min booster break 

involving some moderate-intensity physical exercises could improve metabolic 

health, increase health awareness and social interactions, as well as reduce work-

related mental stress (Taylor et al., 2010; Taylor et al., 2013). Furthermore, previous 

studies demonstrated that minute-short micro-breaks with some light-intensity 

physical exercises could help avoid repetitive strain injury (RSI), muscle fatigue, 

and prolonged inactivity among office workers (Burkland, 2013; Henning, Jacques, 

Kissel, Sullivan, & Alteras-Webb, 1997; Sooyeol Kim, Park, & Niu, 2017). 

In this thesis, we aim at investigating interactive technologies to support work 

break (i.e., booster breaks, micro-breaks) activities as a means of workplace fitness 

promotion. However, there are many barriers that can limit the implementation and 

effectiveness of such fitness-promoting strategy in office settings. People may be 

unwilling to take fitness breaks due to the lack of personal motivation, workload 

concerns, or workplace norms. Due to the limited availability of facilities, such as 

equipment, space, and sportswear, etc., it might also be challenging to perform 

proper physical activity in some workspace. In addition, the rapid development 

of HCI and social computing presents some potential that can be leveraged as 

facilitators and persuaders to support health interventions. In the next subsection, 

we describe some key features of new fitness-promoting technologies.
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Interactive technologies for fitness intervention

There have been a number of interactive technologies designed and implemented 

for reducing sedentary behaviors and encouraging physically active lifestyles. 

According to Consolvo, Everitt, Smith, and Landay (2006), technological applications 

initially support fitness and physical activity in four areas (see Figure 1.3a). These 

are fitness plans/journaling, monitoring devices, virtual exercise advisors, and games. 

With the recent advance of sensing and feedback techniques, we think these four 

application areas can be merged into two aspects of HCI research and design (see 

a

motion-based

interactive systems

actuation

awareness information

health informatics

systems

fitness plans
/ journaling

monitoring
devices

virtual exercise
advisors

games

motion sensing

activity tracking

b

Figure 1.2
(a) Fitness-promoting application areas identified by Consolvo et al. (2006), (b) which we think 
could be clustered into two HCI focuses. 
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Figure 1.3b). The first is to support and improve the fitness-related awareness 

and reflection by tracking, visualizing, and informing users about their physical 

conditions using health informatics systems (e.g., activity trackers) (T. Fritz et al., 

2014; Li, Dey, & Forlizzi, 2010). The second is to facilitate and mediate the progress 

of the exercise by guiding, responding, and encouraging physical movements using 

motion-based interactive systems (e.g., exergames) (Mandryk et al., 2014; Mueller 

et al., 2011). 

In HCI, interactive technologies have been investigated extensively on supporting 

the systemic change towards active lifestyles. Regarding the motion-based 

interactive systems, previous research discusses the relationships between body 

and technology, the gamifications for engagement, as well as the motivation for 

health interventions. For instance, Mueller and colleagues (2011) established the 

concept of ‘exertion interface’ with a framework related to bodily interactions. 

This framework supports designers to ideate, elaborate, and extend their work 

with four considerations, including how the proposed technology can sense body, 

respond body, move body, and relate body. Mandryk et al. (2014) summarized five 

game elements for engaging users into the exertion. These design principles are an 

easy entry into play, achievable short-term challenges, appropriate feedback on users’ 

exercise effort, skill-matching challenges, and social play support. Despite considering 

exergames as a means for mediating physical activity, Mandryk and colleagues 

(2014) also recommended design principles for such technologies as interventions 

to promote active lifestyles, consisting casual interaction, repeated play, and 

persuasive games. 

Regarding the health informatics systems, there have been discussions about 

how the interaction could be designed from a variety of perspectives. On the one 

hand, HCI researchers have investigated guidelines for creating more effective 

systems. Based on surveys and interviews, Li et al. (2010) derived an information-
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flow model for personal informatics systems, which comprised five iterative stages, 

namely: preparation, collection, integration, reflection and action. On the other hand, 

some multidisciplinary studies have explored how to improve self-awareness and 

encourage spontaneous actions that enhance active lifestyles at both the individual 

and the social level. For example, Jafarinaimi et al. (2005) introduced the concept of 

Calm Technology (Weiser & Brown, 1997) to informatics systems for encouraging the 

user to move and reduce sedentary time using ambient feedback. Lin et al. (2006) 

visualized the daily activeness of a group of users with virtual pets to reinforce their 

awareness of being active and applied the transtheoretical model (Prochaska & 

Velicer, 1997) to identify fitness patterns based on users’ intention for engaging in 

physical activity. 

It has been shown that using motion-based interactions to mediate physical 

activities can boost the metabolism and improve psychological states (Gao & 

Mandryk, 2012), as well as provide enhanced exercise and social experience (Mueller 

et al., 2011). Previous research also indicated that health informatics is beneficial 

for the engagement of individuals in an active lifestyle, due to its persuasive 

interfaces and social schemes (Fritz et al., 2014). Nowadays, a growing number of 

fitness-promoting technologies have been introduced into the workplace wellness 

programs, and gradually been regarded as office necessities. However, their real 

effectiveness as workplace health interventions is mostly doubtful (Bravata et al., 

2007; Grooten, Conradsson, Äng, & Franzén, 2013). Rather than the one-size-fits-all 

feature, the development of workplace fitness-promoting technologies should be 

better adapted to office settings and working context (Gorm & Shklovski, 2016b). 

It is an open question and a worthy topic of study on how interactive technology 

can be designed for promoting workplace fitness behaviors among office workers. 

This thesis offers insights into such questions, based on the design and evaluation 

of such technologies.
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1.3 Research Questions

Based on opportunities emerged from the previous section, in this thesis we conduct 

a series of design research to investigate our primary research question, which is: 

How to design interactive technology to facilitate workplace fitness promotion?

Specifically, we explore technologies with a strategy of fitness promotion that 

engages office workers into different kinds of work breaks involving exercise 

interventions. We start with the design and evaluation of new motion-based 

interactive systems for facilitating physical exercises during fitness work breaks, with 

the first set of two research questions: 

RQ1: How to design motion-based interactive system for facilitating moderate 

physical exercise during booster breaks?

RQ2: How to design motion-based interactive system for facilitating low-effort 

fitness training during micro-breaks?

Furthermore, we are also interested in investigating awareness support and 

motivational factors of health informatics systems that facilitate office workers to 

keep up fitness breaks and being physically active in the work routine. We thus 

formulate our last research question: 

RQ3: How to design interactive features of health informatics for facilitating 

office workers’  adherence to workplace fitness initiatives?

1.4 Thesis Outline

To answer our research questions, the remainder of this thesis is organized into 

three parts (Figure 1.3), envisioning, exploring, reflecting, and the outline is presented 
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as follows:

Part I Envisioning: This part aims at envisioning the scope of the design explorations 

and the approach to undertaking the research investigations. In Chapter 2 we 

describe related work of existing strategies for workplace fitness interventions, 

including the studies from the behavioral science and public health domains. We also 

present state-of-the-art interactive technologies using motion-based interaction 

and health informatics to support physical exercises and encourage active lifestyles. 

Chapter 3 involves proposing a strategic framework for workplace fitness promotion, 

based on the workflow management method and occupational health research. In 

this framework, we propose combining self-interventions within the work period 

(namely: micro-break) with group-interventions at the work intermission (namely: 

booster break) as fitness breaks for improved office vitality. We identify design 

opportunities based on this strategic framework, in three aspects: 1) facilitating 

moderate physical exercise during booster breaks; 2) facilitating low-effort fitness 

training during micro-breaks; 3) supporting adherence to fitness practices among 

office workers. 

Part II Exploring: In response to those opportunities, the second part of this thesis 

involves our design and research explorations that answer our three research 

questions, in three chapters: 

Chapter 4 investigates RQ1 using ShuttleKicker, a motion-based interactive 

system designed to facilitate a physical leisure activity called shuttle-kick as 

a group-intervention during booster breaks. We carried out two user studies 

based on two design iterations of ShuttleKicker, aiming to explore the role 

of social interactions and digitally augmented feedback in facilitating such 

office exercise. We draw design insights on personalizing social interfaces 

and mapping game elements to digital augmentations for supporting active 

participation and engagement of fitness-boosting breaks. 
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Chapter 5 present the design and evaluation of a posture-based interactive 

system called HealthSit to investigate RQ2. HealthSit was developed for 

promoting a short lower-back stretching exercise as a self-intervention 

during micro-breaks. We evaluated the effectiveness of HealthSit in 

facilitating such desk exercise. We also investigated the role of HealthSit’s 

system interactivity in enhancing the user experience, as well as creating 

emotional benefits and mental task improvements. Our findings suggest the 

positive effects of HealthSit and its interactions in improving exercise quality, 

intrinsic motivation, and arousal state. 

In Chapter 6, we investigate RQ3 involving two research projects. In the 

first project, we analyzed some design cases that investigated awareness 

support for triggering self-regulated fitness behaviors at work. Based on 

the analyses of design outcomes and user-study results, we discuss several 

implications for the peripheral display of workplace technologies for 

prompting fitness breaks. In the second project, we conducted a field study 

on using cooperative fitness tracking between two co-workers to promote 

mutual physical activities in the workplace. We evaluated the effectiveness 

of such intervention and the impact of proximity between co-workers in the 

workspace on its adoption. We provide empirical evidence that the peer-

based cooperative strategy is effective in motivating physical activity for co-

located co-workers. 

Part III Reflecting: As the last part of this thesis, Chapter 7 contains our conclusions. 

We begin with formulating answers to our research questions. We then reflect on 

our research and design process. We end with discussing limitations of this thesis 

and recommending directions for future work.
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Figure 1.3
A visualization of the thesis outline.
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In Chapter 1, we have explained the research context, objectives, 

and outline of the thesis. This chapter is intended to introduce a brief 

background and formulate the research scope of this thesis. We study 

related literature and state-of-the-art designs as follows. In the next 

section, we take a close look at the prevalence of physical inactivity 

at office work. This is followed by a summary of early practices in 

occupational health that support fitness promotion among office 

workers. In Section 2.3, we provide an overview of HCI developments 

that aim at enhancing physical activity and promoting active lifestyles. 

This leads our focus of study to two types of interactive technologies 

for fitness promotion: motion-based interactive systems (in Section 

2.4) and health informatics systems (in Section 2.5). Section 2.6 

contains a discussion of practices in technology-assisted workplace 

fitness promotion and some challenges in such a context.

2.1 Physical Inactivity at Work

As one of the leading causes of non-communicable chronic diseases, physical 

inactivity takes place in many aspects of everyday life, including home life, office 

work, daily commute, and recreational activities, etc. Particularly, occupational 

sedentary behaviors have been growing rapidly over past decades. A recent survey 

demonstrated that less than 20% of current jobs in the USA demand physical 

activity compared with almost 50% of jobs in the 1960s (Church et al., 2011). This 

has strongly associated with the increase in physical inactivity among white-collar 

workers. An activity-tracking study by Medibank (2007) revealed that their office-
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based employees spent over 70% of waking hours sedentary in a business day, 

which is about 10% higher than on a holiday. The determinants of physical inactivity 

at work are multidimensional (Sallis, Owen, & Fisher, 2015). In this section, we make 

the following two observations on why physical inactivity has become a common 

issue in the workplace, including the rapid penetration of labor-saving device and the 

task-oriented workplace norm. 

First of all, the technological advance has increasingly facilitated office automation, 

which has led to a significant change in the labor requirement. From the 

Industrial Revolution1 onwards, the adoption of steam power and electric motor 

in the manufacturing sector has substantially reduced the demand of manual 

workforce (e.g., artisans) while increasing the employment of machine operators 

and knowledge workers. Without too much physical work, these new types of 

manufacturing workers can still conduct the majority of production tasks, with a 

much higher yield than the traditional workforce (Katz & Margo, 2014). Furthermore, 

over the last half-century, the rapid penetration of ICT in office settings has primarily 

led to the drop in physical demands in the majority of work-related activities in the 

service sector  (Goos, Manning, & Salomons, 2009). For example, the widespread use 

of communication technologies such as email and teleconference has significantly 

enhanced the efficiency of social interaction and collaboration among office workers. 

Nevertheless, such transition has substantially reduced the physical mobility in 

many office-based jobs. 

Furthermore, workers have long been evaluated based on their work outcomes 

that can directly contribute to the primary goals of the organization (Borman & 

Motowidlo, 1993). It is a common strategy that the employers keep tracking the job 

performance of their employees. Because of that, during the office work, people have 

1. The Industrial Revolution took place in the period from 18th to 19th centuries. There was a transition to new manufacturing 
processes in Europe and the USA, because of many technological innovations.
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paid considerable attention to enhancing their behaviors the can be measured by 

the ‘productivity rules’ at the company (e.g., the continuity of working hours), so that 

sedentariness has become an increasingly common feature in the contemporary 

workspace (Pronk & Kottke, 2009). It has been revealed that office workers averagely 

spend more than 80% of their working time with physically inactive conditions 

(Medibank, 2007). 

As the more efficient use of time, space, and resource in the workplace has resulted 

in less physical exercise and more mental workload, threatening office workers’ 

physical and psychological well-being. This calls for new perspectives to reconsider 

and redesign office norms, settings, and behaviors. Rotundo and Sackett (2002) have 

identified three broad domains of job performance, including task-related behavior, 

organizational citizenship behavior, and counterproductive work behavior, and the 

latter two constitute non-working activities in the work routine. While no ‘visible’ 

contribution to the primary goal of work, those non-working activities can provide 

various benefits to individuals, teams, and organizations (Borman & Motowidlo, 

1997). For instance, working out at work does not always mean distracting the 

existing work routine and lower the work efficiency (Buckley et al., 2015). 

In contrast, promoting some physical exercises in the workplace has been proven 

effective in boosting office workers’ vitality and productivity in short-term, as well as 

enhancing their quality of life and employability in long-term (Riedel, Lynch, Baase, 

Hymel, & Peterson, 2001). On a meso level, encouraging physical activity through a 

workplace wellness program is also beneficial to social dynamics and sustainable 

development of the organization (Grawitch, Gottschalk, & Munz, 2006). Next, we 

present some design of interventions that have been applied to occupational fitness 

initiatives. 
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2.2 Fitness Interventions for Office Workers

According to Malik and colleagues (2014), workplace fitness intervention and 

promotion could increase office workers’ physical activity through the information, 

the counseling, and the activity supports.

The first type of intervention is informing awareness using mediums, including 

posters, written materials, flyers, email messages, to prompt fitness behaviors among 

office workers. As the most common strategy for fitness promotion, the information 

support has been designed relied mainly on cognitive theories and behavioral 

sciences. In table 2.1, we provide a summary of some critical theoretical work that 

has been extensively employed and studied in the context of workplace fitness 

promotion. For example, Blue et al. (2001) suggested that the theory of planned 

behavior (Ajzen, 1991) can be served as a powerful tool to identify motivational 

factors for informing the design of fitness intervention. Plotnikoff and colleagues 

(2005) reported that the combined use of multiple theories, such as goal-setting 

(Locke & Latham, 2002), self-determination (Ryan & Deci, 2000), and social cognitive 

theories (Bandura, 2001),  could facilitate improved self-efficacy, exercise intention, 

and social interaction in the workplace health promotion. Yap et al. (2009) found 

that the health promotion message tailored for different levels of fitness intentions 

based on the Transtheoretical Model (TTM, Prochaska & Velicer, 1997) was more 

effective in encouraging physical activity than the standard intervention. In contrast, 

another stage-based information support study by Marshall and colleagues (2003) 

suggested that their promotional materials were not as effective as expected. 

The second type of health intervention support is offering different kinds of fitness 

counseling for office workers, such as motivational interviewing, peer support, and 

group-based coaching, etc. The counseling support can provide positive impacts 

to workplace fitness promotion from the social aspect, involving stakeholders such 

as health expert, exercise coaches, and/or co-workers. For instance, Van Wier et al. 
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Table 2.1
Some cognitive theories that have been commonly applied in fitness promotion.

Theory/Model Citation Source Core Statements
Key Determinants for 

Behavior Change

Attitude toward behavior, 
subjective norms, and 
perceived behavioral control.

Theory of Planned 
Behavior (TPB) (Ajzen, 1991)

(Locke & 
Latham, 2002)

(Ryan & Deci, 
2000)

(Bandura, 
2001)

(Prochaska & 
Velicer, 1997)

Goal Setting Theory 
(GST)

Self-
Determination 
Theory (SDT)

Social Cognitive 
Theory (SCT)

Transtheoretical 
Model (TTM)

Behavior is governed by 
conscious intentions based on 
one’s attitudes, the presence of 
social norms, and the internal 
assessment of the ability to 
perform the target behavior. 

Two types of motivation – 
intrinsic and extrinsic – are both 
powerful in shaping one’s 
behavior to meet the three basic 
needs of autonomy, 
competence, and relatedness. 

Clarity, challenge, 
commitment, feedback, and 
task complexity

Autonomy, competence, and 
relatedness.

Expected behavioral 
outcomes, personal and 
environmental factors.  
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(2009) compared the effectiveness of phone and email counseling with promotional 

materials for weight management. They found that the two counseling interventions 

were more effective in encouraging physical activity among overweight workers 

than printed materials. There have also been several studies suggested that in-

person counseling could improve the exercise behaviors of office workers during 

the intervention (Heirich, Foote, Erfurt, & Konopka, 1993; Proper, Hildebrandt, Van 

der Beek, Twisk, & Van Mechelen, 2003). Moreover, a tailored workplace wellness 

program by Campbell et al. (2002) demonstrated the significant role of the training 

mentor in enhancing strength and flexibility exercise for female workers. In addition 

to the one-on-one support. Elliot et al. (2004) observed the positive effects of peer 

support among colleagues for promoting mutual physical activities.

The third type of support is facilitating and promoting various physical exercises in 

the workspace, including walking, stair climbing, aerobics, stretching, etc. Such a 

fitness intervention mainly focuses on how to increase physical exercises and reduce 

inactivity among office workers pragmatically. For example, Gilson et al. (2009) 

found that encouraging walking during breaks and walking during tasks could 

both increase daily steps for office-based employees. Similarly, von Thiele Schwarz, 

Lindfors, and Lundberg (2008) showed that assigning some kinds of office exercises 

could increase individuals’ weekly fitness levels. More recently, Parry et al. (2013) 

studied three different kinds of activity intervention support in the workplace, 

consisting the incidental office activity, the pedometer challenge, and the break-

up of computer tasks. They indicated the benefits of all the three interventions in 

reducing sedentary time and encouraging active lifestyles in the workday.

Interactive technologies based on HCI and social computing can have great potential 

and play an important role in office vitality when they have been incorporated into 

different types of fitness interventions. For instance, the theory-based promotional 

information can be conveyed by digital media for easier distribution and better 
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interactivity to office workers. The communication tools and digital augmentation 

products can be leveraged to mediate social interactions among stakeholders and 

enhance social influence in the counselling support. The activity tracking devices 

can be employed by those physical activity interventions to gain deeper insights 

to office workers’ physical conditions and support the behavior change over time. 

However, what main functions of fitness-promoting technologies can have how 

these functions can benefit physical activity and active lifestyles remain unclear to 

us. Therefore, we review a selection of these fitness-promoting technologies in the 

following sections.  

2.3 An Overview of Fitness-Promoting Technologies

Nowadays, the cases of using interactive technologies to support physical activity 

can be easily found in our daily life. The activity-tracking devices (e.g., Fitbit, Mi-

band, Jawbone UP) can be used to monitor daily activeness and health status. 

The coaching applications (e.g., Nike+, Runtastic apps) can be applied in training 

programs to support improving the exercise performance. The motion-based game 

platforms (e.g., Wii-Fit, Kinect Sports) can engage family members or friends in the 

fitness exercise through gamification during recreational activities. The market of 

fitness-promoting technologies is enormous. Taking activity-tracking devices as 

an example, 104.3 million devices have been shipped in 2016, which is predicted 

to double by 2021 (IDC, 2017). There have been several studies summarizing main 

functions that fitness-promoting technologies can embody for facilitating and 

promoting active lifestyles. Early research by Consolvo et al. (2006) has identified 

four application areas for fitness-promoting technologies, including fitness plans/

journaling, monitoring devices, virtual exercise advisors, and games. 

Fitness-promoting technologies have become more generic and multifunctioning 

due to the fast development of computing technologies. For instance, the new 
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models of the activity-tracking application have been equipped with multiple 

functions, such as planning, activity-monitoring, and coaching. There is also a similar 

trend in fitness games as well to incorporate with the virtual advisor feature. A recent 

Ph.D. study by Peeters and Megens (2014) on design methods for active lifestyles 

has re-identified three types of fitness-promoting technologies based on market 

research, including self-tracking, coaching and motivating, and game and fitness. 

We found there have been extensive design and applications on two types of 

technologies. The first is motion-based interactive systems that facilitate the 

progress of the exercise by sensing, guiding, and responding bodily movements 

using real-time interactions and provide immersive exercise experiences with 

game elements and digital augmentation (e.g., Mandryk et al., 2014; Mueller et 

al., 2011). The second is fitness informatics systems that tack physical status using 

sensors or based on personal input and return with information containing the fact 

explanations and improvement suggestions towards active lifestyles (e.g., Fritz et al., 

2014; Li et al., 2010). In the following two sections, we elaborate on these two types 

of technologies in some detail. 

2.4 Motion-Based Interactive Systems 

Motion sensing techniques

Motion-based interactive systems are developed to facilitate physical exercises 

by using motion data and system interactions. Motion sensing is essential in such 

technology for detecting and facilitating physical movements. We summarize 

three types of sensors that have been employed to recognize and capture body 

movements as the data input. 

In some motion-based interactions, the system commonly uses the image captured 
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by a camera or multiple cameras to determine different inputs. Particularly, the 

vision-based sensing is useful in detecting limb movements and body postures. For 

instance, SuperBreak implements a computer-vision algorithm to a webcam so that 

it can extract the hand movement information from the user, who sits in front of 

the webcam (Morris, Brush, & Meyers, 2008). Limber attaches a Kinect sensor to the 

workstation for tracking sitting conditions and arm movements during work (Reilly 

et al., 2013). 

Another motion sensing solution is to embed sensors into exercise facilities to 

monitor the progress of a specific physical activity. For example, Hanging off a Bar 

places a pressure sensing mat under a hanging bar, and the pressure data can be 

interpreted as different exercise conditions between hanging and standing (Mueller 

et al., 2012). Similarly, Social Stairs embed one pressure sensor strip each step in a 

staircase to detect behavior patterns of the stair climbing (Peeters, Megens, van den 

Hoven, Hummels, & Brombacher, 2013). 

Increasingly, wearable sensors and mobile devices have been utilized for tracking 

fitness level and exercise behaviors. Wii Fit U Meter, for instance, collects the step 

data in real time using a pedometer and provides fitness challenge based on the 

analysis of the step data (Tripette et al., 2014). StretchArms quires the accelerometer 

data from a smartwatch and applies an algorithm to the data to identify different 

degrees of the arm stretching (Kim, Lee, & Han, 2017).

Interactions to promote the desired exercise

Based on the collected activity or motion data, the system leverages different 

mechanisms such as real-time feedback and game elements to encourage the user 

to interact with the system for performing the exercise. According to Mandryk et 

al. (2014), motion-based interactive systems can facilitate two levels of fitness 
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behaviors, which are promoting the desired exercise and reducing physical inactivity. 

Primarily, motion-based interactive systems have been developed to engage 

individuals in the desired exercise by using system interactions to improve the 

efficacy and experience of the exercise in a short period (Mueller et al., 2011). One 

common strategy is to apply game elements to the interaction mechanisms to 

enhance the engagement of the exercise. Commercial products such as Dance Dance 

Resolution or Wii-Fit Balance have implemented a variety of gamification principles 

(e.g., challenge and reward) to support the user to adhere to the physical exercise 

facilitated by the system. Chittaro and Sioni (2012) correlated walking activity to the 

classic snake game and developed a location-based mobile game, where the user 

can control the movement of the snake by walking to different locations. 

A number of studies have also investigated some novel modalities in augmenting the 

activity experience. For instance, Digiwall correlates the MIDI-based sonic material to 

different actions (e.g., cue, score, alert) during the climbing activity for providing 

climber an immersive exercise experience (Liljedahl, Lindberg, & Berg, 2005). 

Similarly, Stienstra, Overbeeke, and Wensveen (2011) mapped a movement-based 

soundscape to different conditions during the speed-skating, by which they aimed 

to fine-tune and improve the player’s movements of speed-skate. In the design of 

Augmented Climbing Wall, Kajastila et al. (2016) displayed a digital application on 

a climbing wall that can interact with the player to provide training programs and 

exercise challenges through different interfaces and interactions. 

Extending digital augmentation techniques to social environments, HCI researchers 

have explored some forms of technology-mediated social interactions to facilitate 

physical exercises on social levels. For example, PingPongPlus is designed to augment 

the co-located cooperative play of ping-pong game, where different graphic patterns 

are projected on a ping-pong table so that the system is reactive to the activity flow 

(Ishii, Wisneski, Orbanes, Chun, & Paradiso, 1999). Mueller et al. (2010) created a 



Background and Related Work

031

distributed co-exercise experience by enabling the vocal communication between 

two joggers over a distance. The physiological data of joggers is also involved in the 

system to influence the spatial direction of the sound during the communication.

Interactions to reduce physical inactivity

Given substantial adverse impacts of sedentary lifestyles, emerging motion-based 

interactions have been designed to help eliminate prolonged physical inactivity 

in the daily routine. This strand of research is interested in encouraging an active 

lifestyle rather than periodical exertions (Tremblay, Colley, Saunders, Healy, & 

Owen, 2010). To blend fitness practices in everyday life, motion-based fitness 

games should be able to facilitate physically active behaviors repeatedly in the daily 

routine (Mandryk et al., 2014). Thus, the tension between the demand for physical 

activity and the mainstream of daily life should be carefully considered (Mandryk 

et al., 2014). One strategy has been suggested is to promote some fitness exercises 

for a shorter time with a more casual format, supported by system interactions and 

game mechanics that can be easily mastered by the user. For example, a casual 

exergame called GrabApple has been designed with simple rules and easy access 

for a 10-min-long arm-based physical exercise (Gao & Mandryk, 2011). The repeated 

play of GrabApple has been proven effective in providing benefits to physical and 

psychological well-being for college students (Gao & Mandryk, 2012) and children 

(Gao, Gerling, Mandryk, & Stanley, 2014). 

To scaffold the adherence to the repeated physical exercises, HCI designers apply a 

variety of motivational strategies to the interaction design to empower the system as 

a persuasive technology. For instance, Neat-o-Games is a set of fitness games, where 

the activity points can be earned as rewards from different types of physical activity 

(Fujiki et al., 2008). The daily summary of points is also compared with that from 

other players through a leaderboard. Moreover, the points can be used to exchange 
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hints for a puzzle game. PLAY, MATE! converts a computer game called Neverball into 

a physical game and leverages its playfulness to stimulate regular physical activity 

(Berkovsky, Freyne, & Coombe, 2012). During the game, the technology maps 

different levels of jumping to different virtual rewards. 

Persuasive Technology

As an interdisciplinary topic of research, persuasive technology is described 

as “any interactive computing system designed to change people’s behavior and 

attitude without coercion” (Fogg, 2003). In persuasive technology research, 

there have been many kinds of motivational strategies or persuasive 

principles developed based on information sciences, social sciences, and 

cognitive theories. In Table 2.2, we provide an overview of these strategies. 

2.5 Health Informatics Systems 

According to Li et al. (2010), a personal informatics system is operated in two parts 

that interact with each other: tracking activity data and providing feedback based 

on the data. Regarding the activity tracking, fitness informatics systems use sensors 

such as mobile phones (e.g., Consolvo et al., 2008) and wearable devices (e.g., Lin, 

Mamykina, Lindtner, Delajoux, & Strub, 2006) to collect data related to fitness levels 

and exercise behaviors. Some systems (e.g., Bogers, Frens, Kollenburg, Deckers, & 

Hummels, 2016) also collect subjective data from users about their experiences and 

feelings of the activity. 

Regarding system feedback, we found the data visualization and system interaction 

have been investigated extensively in supporting the adoption of technology for 

everyday use and the adherence to fitness practices. This has been explored in two 

levels: effectively presenting information related to physical activity and encouraging 

active lifestyles with motivational strategies. 
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Table 2.2
Some common behavior change strategies in persuasive technologies.

Theory/Model Citation 
Source

Research Field & Main Focus Strategy Categories

Persuasive 
Technology (PT)

(Fogg, 
2003) 

(Fogg, 
2008)

Based on behavior science 
and interactive computing, PT 
focuses on the ‘design, 
research, and analysis of 
interactive computing products 
created for the purpose of 
changing people’s attitudes or 
behavior.’

28 design principles for persuasive 
system content and functionality 
categorized in four following categories, 
including:

Primary task support
Dialogue support
Social support
Credibility support

Persuasive 
Systems Design 
(PSD)

(Oin-
as-Kuk-
konen & 
Harju-
maa, 
2009)

From the information science 
perspective, PSD discusses 
‘content and functions of 
computerized software or 
information systems designed 
to reinforce, change or shape 
attitudes or behaviors or both 
without using coercion or 
deception.’

93 hierarchically-clustered techniques 
grouped in 16 groups, including: 

1) Goals and planning, 2) Feedback 
and monitoring, 
3) Social support, 4) Shaping 
knowledge, 5) Natural consequence, 6) 
Comparison of behavior, 7) 
Associations, 
8) Repetition and substitution, 
9) Comparison of outcomes, 
10) Reward and threat, 
11) Regulation, 12) Antecedents, 13) 
Identity, 14) Scheduled consequences, 
15) Self-belief, 16) Covert learning.

Behavior Change 
Technique (BCT)

(Abra-
ham & 
Michie, 
2008)

From the health psychology 
research perspective, BCT 
means ‘an observable, 
replicable and irreducible 
component of an intervention 
designed to alter or redirect 
causal processes that regulate 
behavior change.’

Design with 
Intent Method 
(DwI)

(Lockton, 
Harrison, 
& 
Stanton, 
2010)

033
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Data visualization and information presentation

It is crucial that fitness informatics systems can sufficiently explain the collected 

data related to the current fitness condition and efficiently convey the knowledge 

of improvement and awareness information to prompt new actions. As health 

informatics becomes increasingly applied in everyday life, emerging research has 

worked on how to deliver information that can be easily perceived and understood. 

The notion of Affordance was therefore introduced to the data visualization of the 

interface design of informatics systems. 

The Affordance is originated from Gibson’s theory (1966) that the visual perception 

leads to some course of actions without sensory processing. Affordances have 

been applied and studied extensively in HCI technologies. Primarily, Norman (1988) 

introduced ‘perceived affordance’ to technology design with design principles such 

as natural mapping, visibility, and feedback. Based on the affordance theory, Weiser & 

Brown (1997) conceptualized Calm Technology, which suggests that the information 

display should move easily from the periphery of our attention, to the center, and back.

Calm technology (Weiser & Brown, 1997) and some other similar concepts, e.g., 

ambient display (Hiroshi Ishii & Ullmer, 1997), casual information visualization 

(Pousman, Stasko, & Mateas, 2007), and peripheral interaction (Bakker, van den 

Hoven, & Eggen, 2015), have been widely employed in the design of fitness 

informatics systems. Especially in the working context, these methods can support 

technology to present the awareness information that can be easily perceived 

without increasing the mental workload and disrupting the ongoing work task.  

For instance, Jafarinaimi and colleagues (2005) identified design guidelines for the 

ambient display to break prolonged sitting and prompt physical activity, consisting 

abstract, non-intrusive, public, and aesthetic. On the other hand, the information 

affordance of fitness informatics has also been investigated through different 

modalities. Breakaway collects data of sedentary behaviors and translates such data 
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into a tangible object as a biomimetic metaphor (Jafarinaimi et al., 2005). Similarly, 

Hong et al. (2015) designed a flower-like avatar, which can change the shape to 

suggest different sitting postures. Additionally, environmental light (Fortmann, 

Stratmann, Boll, Poppinga, & Heuten, 2013) and haptic feedback (Zheng & Morrell, 

2010) have also been explored as health informatics systems with ambient displays 

in office settings.   

Motivational strategies

In addition to the information affordance, there have been rich insights into 

motivational factors that are applicable in relation to fitness informatics for 

supporting adherence to active lifestyles. A variety of motivational strategies, such 

as cognitive theories (see Table 2.1) and persuasive principles (see Table 2.2), have 

been employed in the system interactions and feedback mechanics and studied 

at both the individual and the social level. For instance, Houston uses the user’s 

walking history data to adjust the fitness goal and thus improves adherence to 

health intervention (Consolvo et al., 2006). UbiFit enables the user to set primary 

and secondary fitness goals in its application (Munson & Consolvo, 2012). Such a 

combination of two fitness goals has been proven as an effective strategy for 

promoting physical activity. UbiGarden visualizes user’s fitness data with a digital 

metaphor of flowers to enhance motivation and engagement (Consolvo et al., 2008).  

Besides motivational support based on the user-system interaction, we also survey 

the social aspects of fitness informatics systems and relevant applications. 

Social interactions can be empowered with a variety of persuasive design features, 

including social learning, social recognition, social facilitation, competition, and 

cooperation, etc. (Oinas-Kukkonen and Harjumaa, 2009). On the other hand, most 

physical exercises also have nature in facilitating social interactions, which in 

return can be used to encourage or discourage the participation of these activities. 
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Many research applications have investigated social settings of fitness informatics 

designed to enhance the motivation of active lifestyles. For instance, Fish‘n’Steps 

links users’ level of daily activities with the growth and emotional state of virtual 

pets in a public display to reinforce users’ fitness behaviors (Lin et al., 2006). Chick 

Clique makes the average steps among team members and allows interpersonal 

communication to encourage improvement of fitness levels (Toscos, Faber, An, & 

Gandhi, 2006). Kukini investigates team-based competitions by facilitating groupings 

of users and team-level comparisons (Campbell, Ngo, & Fogarty, 2008). Foster et al. 

(2010) have examined sharing activity data via social media and have suggested the 

positive impact of friendly competitive interventions in the workplace. Similarly, 

HealthyTogether uses cooperatively set goals to facilitate fitness-goal commitment 

and stimulate more physical activity in group settings (Chen & Pu, 2014).

2.6 Towards Technology-Assisted Workplace Fitness 
Promotion

In previous sections, we have described two reasons to the prevalence of work-

related physical inactivity: the rapid penetration of labor-saving device and the task-

oriented workplace norm. To tackle such issues, it is essential to reduce sedentary 

behaviors and encourage active lifestyles in the daily work routine. We have reviewed 

two major related work: workplace fitness interventions and fitness-promoting 

technologies. Based on our reviews, we present a summary of main research and 

design directions in Figure 2.1. It has been suggested that technologies can play 

critical roles in improving the effectiveness and adoption of workplace fitness 

interventions (Cook, Billings, Hersch, Back, & Hendrickson, 2007; Hasson, Brown, 

& Hasson, 2010). Technology-assisted workplace fitness promotion has also been 

investigated in several directions. However, we found there are still some challenges 

for leveraging technologies to improve office vitality. 
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Figure 2.1
The diagram shows an overview of themes derived from this chapter about the main research and design 
directions in workplace fitness interventions and fitness-promoting technologies.
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Challenges for technology-assisted workplace fitness promotions

Recently, considerable efforts based on ergonomics and HCI have been devoted 

to the design of health intervention and promotion in the workplace. In office 

settings, various types of active workstations have been developed to facilitate 

physical activities during work, including a treadmill2, a stationary bike3, and a 

balance chair4. Nowadays, active workstations are becoming increasingly common 

in the office environments of many large companies, e.g., Google and Microsoft 

(Choi, Song, Edge, Fukumoto, & Lee, 2016). Also, their effectiveness in balancing 

physical activities and work performance, as well as a positive user experience 

have also been demonstrated (Choi et al., 2016). However, active workstations also 

have disadvantages: a high price and large size, which makes it difficult for small 

companies to adopt them, especially in confined workspaces (Tudor-Locke, Schuna, 

Frensham, & Proenca, 2014).

Besides new types of active workstations, a growing number of technology-assisted 

health interventions have been designed to promote physical activity by offering 

a new interaction model involving the use of a computer or collaboration with 

colleagues at work. Probst et al. (2014) developed a chair-based human-computer 

interface, which allows the user to control the computer with different sitting 

postures and finally achieve active sitting. Similarly, Tap-Kick-Click uses foot-based 

interaction for standing desks to improve standing postures and physical movements 

(Saunders & Vogel, 2016). Furthermore, new work modes with colleagues, such 

as walking meetings (Ahtinen, Andrejeff, Vuolle, & Väänänen, 2016), have been 

explored to promote physical activities in the social context. Compared to large-

sized, high-priced workstations, these solutions may be easier to blend into a variety 

of office environments. However, the effectiveness of doing work and exercise 

2.   treadmill: www.lifespanfitness.com/uk/workplace/treadmill-desks/

3.   stationary bike: www.lifespanfitness.com/uk/workplace/bike-desks/

4.   balance chair: www.gaiam.com/products/classic-balance-ball-chair?variant=32936592129
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simultaneously, especially weaving the exercise into interactions with computers at 

work, has often been questioned. It might easily turn out to be a lose–lose solution, 

which reduces both mental focus at work (Neuhaus et al., 2014) and exercise efficacy 

(Grooten et al., 2013).

Another research strand is to integrate existing fitness-promoting technologies with 

the workplace health and wellness programs. This type of research provides deep 

insights into worker’s behavioral changes and subjective opinions with technology-

assisted health programs in office settings. For instance, by analyzing data in the 

literature, Christophersen and colleagues (2015) identified the idea that incentivized 

activity sharing in the company might be problematic for workers’ discipline and 

health goals. From observations of a workplace fitness campaign, Gorm & Shklovski 

(2016a) suggested that the privacy concerns of participants in relation to publishing 

daily steps increased over time. By combining interviews and surveys, Chung et al. 

(2017) observed that it was challenging to employ tracking and fitness behaviors 

in a busy work schedule. Several studies also suggested that technology-assisted 

workplace health programs in their current forms may overburden the daily routine 

and thus create work stress (Chung et al., 2017; Gorm & Shklovski, 2016b, 2016a).

Devote interactive technologies to office exercise interventions

Unlike the technologies for workplace fitness promotion described above, in this 

thesis, we focus on investigating new sociotechnical solutions that can be supportive 

to health promotion and can be easily merged into the working context for making a 

systemic change towards improved office vitality. 

Strategically, we aim at blending physical exercises into the work routine as non-

working behaviors for promoting occupational health, as well as social dynamics and 

work productivity. As illustrated in Section 2.2, workplace fitness strategies include 
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the information, the counseling, and the activity intervention. Notably, the last one 

(the activity intervention) focuses on involving some exercise components in the 

work routine, which has been suggested efficient by several systematic reviews  (e.g., 

Abraham & Graham-Rowe, 2009; Dugdill, Brettle, Hulme, McCluskey, & Long, 2008; 

Malik et al., 2014). This strategy can help office workers overcome the barrier, such 

as a lack of time to take part in physical exercises (Dugdill et al., 2008). Subsequently, 

physical activity could be habituated as routine behaviors in the working context 

(Verplanken & Melkevik, 2008). In this Ph.D. project, we therefore develop our design 

and research based on the setup of such activity intervention. 

Technically, we aim at investigating fitness-promoting technologies as new 

‘workplace necessities’ to facilitate office exercises and promote fitness initiatives. 

In this chapter, we have studied several beneficial interaction mechanisms and 

feedback techniques, such as game elements, digital augmentations, motivational 

strategies, information affordances, social interactions, etc. Some of these features 

can have potential to our research context. In the next chapter, we conceptualize a 

healthy work routine as a framework to help us formulate design goals and research 

questions for explorations. 
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In this chapter, we conceptualize an interventional framework based 

on the work routine pattern. In the proposed framework, repeated 

work breaks, involving physical exercises at different intensity 

levels, are introduced, facilitated, and inserted into office work as 

interventions for workplace health promotion. In this thesis, the 

proposed framework serves as a research and design context for our 

exploratory studies in fitness-promoting technologies.

3.1 Blend Fitness Breaks into Office Work

Develop health-promoting behaviors based on non-working activities

Nowadays, work hours are generally regulated to 8 hours a workday by International 

Labor Organization (ILO) since 1919, which have already been ratified by 52 

countries and regions by 2013 (ILO, 2013). It has been commonly demonstrated that 

office workers spent most of the working hours in sedentary conditions (e.g., Church 

et al., 2011; Medibank, 2007). According to Hamilton and colleagues (2008), long-

term accumulations of physical inactivity at work are not only harmful to personal 

health and well-being, but also can bring adverse impacts to productivity and team 

collaboration of a team. On the other hand, daily work routine may be leveraged 

as a carrier of interventions to shape the health behavior change (Gram-Hanssen, 

2008). As described in Chapter 2, office-based activities during work are constituted 

by both task-related behaviors and non-work behaviors, and these behaviors are 

dynamically interwoven with each other in the work routine (Borman & Motowidlo, 

1997). We found the non-work moments may have the potential to facilitate fitness-

promoting activities in a workday. For instance, one natural scenario is to setup 

health interventions as fitness work breaks.    



Chapter 3

046

Breaks in the work routine

Despite the short-term cost to productivity and overhead of task resumption, work 

breaks can provide substantial benefits to both individuals and organizations. 

Research evidence indicated that a short break involving relaxation in office work 

could improve health conditions and work performance of employees (Burkland, 

2013). Additionally, social gathering, such as a coffee break, can improve social 

interactions among co-workers and thus enhance the team effectiveness (Waber, 

Olguin Olguin, Kim, & Pentland, 2010). Work breaks can be identified in different 

lengths, ranging from minutes to hours. Studies have shown that office workers 

prefer more frequent and shorter breaks in the work routine (Skatova et al., 2016). 

There have been a variety of work management methods that designed to blend 

short breaks into a work period for improving the productivity of workers, such 

Figure 3.1
(a) The typical implementation of the Pomodoro technique. (b) The 90-minute pattern of the Ultradian rhythm.
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as Pomodoro technique (Cirillo, 2006), the 52-17 method (Gifford, 2012), and 

the planned break blocks (Friedman, 2014).  Figure 3.1(a) shows that Pomodoro 

technique loops in the work schedule. In each Pomodoro cycle, the work is separated 

into four intervals in the equal length, typically 25 minutes. A micro-level break (3-5 

minutes) is then introduced following each work period, while a short-break (15-30 

minutes) is taking only at the end of a Pomodoro cycle (Cirillo, 2006). Similarly, the 

52-17 method builds a workday by repeated sessions, and each session is divided 

into 52 minutes of work activity and 17 minutes of break activity (Gifford, 2012). 

Furthermore, Friedman (2014) suggested distinguishing the unproductive time for 

planning work breaks. Ericsson and colleagues (1993) found that the productive 

work can be maintained for a maximum of 90 minutes and thus suggested adding a 

break after at least every 90 minutes of work (Figure 3.1(b)).

Transform short work breaks to promote office vitality

Short-break activities can be broadly classified into four types (Fritz, Lam, & Spreitzer, 

2011; Trougakos, Hideg, Cheng, & Beal, 2014): relaxation, nutrition-intake, social, and 

cognitive activities. Breaks involving relaxation activities can contribute the physical 

and psychological improvements. Growing research has indicated potential benefits 

of involving physical activity and fitness training in short breaks for relaxation. Taylor 

et al. (2010) suggested that a 15-30 minutes break that involves moderate-intensity 

collective physical exercises, could improve workers’ metabolic health and social 

bonding. They defined this type of social fitness break as booster breaks. On the 

other hand, the research by Burkland (2013) demonstrated that micro-breaks with 

some low-effort fitness training could prevent repetitive strain injury, and reduce 

muscle fatigue for office workers. In the next section, we propose an interventional 

framework for workplace fitness promotion, by integrating booster breaks and 

micro-breaks into the daily work routine. 
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3.2 The Work or Workout (WoW) Framework

As shown in Figure 3.2, the Work or Workout (WoW) framework is designed based on 

workflow management principles such as the Pomodoro technique (Cirillo, 2006). In 

WoW, repeated breaks are inserted into the workflow for facilitating different types 

of office exercises. One WoW is structured as a work period/shift that can be looped 

in the work routine several times during a workday. 

Figure 3.2(a) shows that the major component of one WoW session is structured with 

continuous working time, when people focus on their primary tasks at hand. This 

is followed by a booster break as a group-based fitness intervention for increasing 

levels of physical activity among office workers (see Figure 3.2(b)). Here, the booster 

break can also be leveraged as an intermission to support the transition from one 

work task to another. Besides, as shown in Figure 3.2(c), some micro-breaks are 

incorporated into the continuous working time as self-regulated fitness interventions. 

Micro-breaks can intervene with the prolonged physical inactivity, enhance 

physical and psychological well-being, and support cognitive performance. Based 

on the framework of WoW, booster breaks and micro-breaks can be investigated 

with different types of physical activity as office exercise interventions. We aim at 

promoting these exercises to address different aspects of occupational inactivity 

and provide benefits to the physical, psychological, and social well-being of office 

workers. In what follows, we further elaborate on the aims of fitness interventions 

during booster breaks and micro-breaks respectively.

Facilitating moderate-intensity physical exercises in booster breaks 

In Figure 3.2(b), the green line represents a 10- to 30-minute group-based booster 

break that occurs as an intermission between two WoW sessions. Booster breaks 

promote health and productivity of office workers at the organizational level (Taylor 
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Figure 3.2
A visualization of the WoW framework. In WoW, different elements represent (a) seated works,  (b) booster 
breaks, and (c) micro-breaks in the work routine. 
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et al., 2010). It usually invites several co-workers to take part in some collective 

physical exercises that are appropriate to the feature of an office environment. Taylor 

(2011) argued that booster breaks should be loosely and casually attached to the 

work routine without coercion for participation and too high thresholds to fulfill. 

For example, it is uncommon that office workers need to change work clothes for 

a workplace fitness-boosting exercise. Previous research engaged office workers 

into some types of moderate-level physical activity, such as brisk walking and 

table tennis, during booster breaks (Taylor, 2011). Those activities are beneficial to 

improving fitness levels and social interactions among office workers.

Facilitating light-intensity physical exercises in micro-breaks

As shown in Figure 3.2(c), the blue dots represent self-regulated micro-breaks 

inserted into continuous working time. Micro-breaks feature in lightweight and easy 

to resume in the work routine (Kim et al., 2017). According to Henning et al. (1989), 

one micro-break typically takes from a few seconds to a few minutes. Therefore, 

micro-break activities should be able to integrate into the work routine and office 

settings without obtrusive adjustment to the context. For example, some light-

intensity desk-based exercises, such as stretch and ergonomic training, can be an 

appropriate physical activity for micro-breaks. Such a short bout of physical exercise 

may not contribute a lot to the increase in fitness level. In the long run, however, a 

frequent incidence of micro-breaks in work routine can prevent the adverse influence 

of sedentary behaviors in everyday life for improved vitality (Owen et al., 2010).

3.2 Explore Interactive Technologies based on WoW

In this chapter, we have envisioned WoW, an interventional framework designed 

to blend different types of fitness breaks into an office work routine . These fitness 
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breaks can help increase the fitness level and reduce the physical inactivity in office 

work. Besides encouraging fitness behaviors, WoW offers potential to balance the 

demands between physical exercises and work-related activities in the workplace. 

WoW offers a structure for investigating interactive technologies in the context of 

workplace fitness promotion, based on office work, micro-breaks, and booster breaks. 

In the next three chapters, we therefore conduct a series of design explorations, 

based on WoW, with the following three research purposes. 

In Chapter 4, we explore designing interactive technologies for facilitating group-

based physical exercise with moderate-intensity during booster breaks. Here, the 

investigation focuses on how to employ features of motion-based interactions in 

the workplace fitness-promoting technologies to enhance the participation and 

engagement of collective fitness among office workers. 

In Chapter 5, we explore designing interactive technologies for facilitating self-

regulated fitness training with light-intensity during micro-breaks. Here, the 

investigation focuses on how to leverage lightweight bodily interactions to facilitate 

fitness behaviors that require low mental and physical efforts to commit at work. 

In addition to supporting the experience and quality of fitness breaks, WoW blends 

fitness breaks into a daily routine based on office work, where physical activity 

embodied as the secondary task in the context. On the one hand, technologies 

may support office workers’ behavioral transition between work and exercise in the 

work routine through, e.g., providing relevant information, enhancing awareness, 

stimulate spontaneous actions, etc. On the other hand, technologies may need to 

support the adoption of fitness promotion among office workers, through folding 

extrinsic factors, e.g., social support, incentives, etc., into intrinsic motivations. In 

Chapter 6, we explore designing interactive technologies for supporting adherence 

to workplace fitness initiatives. 





PART II

EXPLORING



This chapter is largely based on:

Xipei Ren, Yuan Lu, Aarnout Brombacher, Tilde Bekker. (2016). ShuttleKickers: 

Exploring Social Persuasions to Encourage Physical Activities. In British 

HCI’ 16: Proceedings of the 30th International BCS Human Computer Interaction 

Conference (p. 19). BCS. 

Xipei Ren, Yudan Ma, Yuan Lu, Aarnout Brombacher. (2017). ShuttleKicker+: 

Designing Gamified Sonification to Augment the Physical Leisure Activity. 

In CHI Play’ 17: Extended Abstracts Publication of the Annual Symposium on 

Computer-Human Interaction in Play (pp. 471-478). ACM. 

Xipei Ren, Yuan Lu, Aarnout Brombacher, Sander Bogers. (2016). Mind the 

Gap: Probing Exertion Experience with Experiential Design Landscapes. In 

ADMC’ 16: 20th Academic Design Management Conference (pp. 999-1017). DMI.



Chapter 4

ShuttleKicker
design interactive technology to 

facilitate moderate-intensity exercise 

during booster breaks 



Chapter 4

056



ShuttleKicker

057

4.1 Introduction

As documented in Chapter 3, booster breaks are defined as organizational work 

breaks for supporting small increases in daily activities to improve health and 

wellbeing, as well as improving job satisfaction and work productivity (Taylor, 2005). 

There are many different types of physical activity that can be integrated into booster 

breaks, such as aerobic (Hewitt et al. 2008), flexibility training (Pronk et al. 1995), and 

leisure fitness (Coleman & Iso-Ahola, 1993).

With a long history of over 1000 years, the shuttle-kick activity has been considered 

as a popular leisure fitness in many Asian countries. Similar to hacky sack, it requires 

motor skills in coordinating feet, knees, hips, and torso to keep a shuttlecock in 

the air (see Figure 4.1(a)). This activity could be incorporated into a booster break 

in the workplace due to three reasons. First, the shuttle-kick activity can enhance 

individuals’ physical health, e.g., coordination, timing, balance, perseverance, and 

agility, etc. (Bian, Wang, & Mckinley, 2009). Second, the shuttle-kick activity is a 

Figure 4.1
(a) Shuttle-kick is a unisex activity for both solitary and collective play. (b) A shuttlecock 
contains a cork and a bunch of colorful feathers that are attached above.
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unisex exercise that can be performed by different numbers of participants, which 

makes it fits the collective and dynamic characteristics of the workplace. Third, the 

shuttle-kick activity only uses a very simple tangible object (see Figure 4.1(b)) as the 

fitness equipment and limited space and flexible time for physical activity. These 

features allow it to be easily implemented in a daily work routine without significant 

changes to office settings.

In addition to the promises of the shuttle-kick activity, designing interactions on 

top of this classic exercise may bring additional benefits to facilitate booster breaks. 

According to Chapter 2, fitness-promoting technologies can promote the desired 

physical exercise by motion-based interactions using gamification/persuasive design, 

or digital augmentation at individual/group levels (see Figure 2.1). This chapter aims 

at exploring how to these two HCI features can be leveraged to facilitate the shuttle-

kick activity as a group-based fitness intervention in the context of booster breaks.  

First, as suggested by Fogg (2002) and Oinas-Kukkonen & Harjumaa (2009), persuasive 

design contains various social features, including social learning, social recognition, 

social facilitation, competition, and cooperation, etc. Given the collective nature of 

the shuttle-kick activity, those social-based persuasive mechanisms can be leveraged 

as motivational factors for such exercise to support the active participation of booster 

breaks. In HCI, most of the existing efforts have drawn on “one-size-fits-all” solutions 

that leverage technology-mediated social influence to encourage behavior change. 

However, behavioral scientists suggested that the ignorance of differences between 

individuals might lead to inefficient interventions and even adverse impacts (Green, 

2005). While the purpose of the collective shuttle-kick is to engage office workers in 

physical exercises during booster breaks, their fitness levels may differ significantly 

(Prochaska & Velicer, 1997). Those social mechanisms may need to be customized 

according to different motivational profiles. Therefore, the first sub-question in this 

chapter is to understand: 
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RQ 1.1: How can social mechanisms be designed to encourage the shuttle-kick 

activity during booster breaks for office workers at different fitness levels?

Second, various modalities for digital augmentation designed to enhance the 

exercise experience have been studied extensively. For example, the solutions 

with visual (Kajastila & Hämäläinen, 2014) and auditory augmentations (Stienstra 

et al., 2011) have shown positive effects in stimulating multisensory experiences 

and improving the fitness performance. In our research, it would be interesting to 

investigate the effectiveness of similar techniques in the shuttle-kick activity during 

booster breaks, whereby the second sub-question arises.

RQ 1.2:Whether and how does the digital augmentation enhance office 

workers’ experience of the shuttle-kick activity during booster breaks?

This chapter presents two design iterations based on ShuttleKicker, a fitness-

promoting system that embeds activity tracking and feedback into the shuttlecock 

to facilitate booster breaks. In the first iteration, ShuttleKicker was implemented 

with a set of social mechanisms and some basic visual-auditory augmentations 

to investigate RQ 1.1 and provide some preliminary insights into the second sub-

question. In the second iteration, the social mechanisms were removed from the 

system, while the digital augmentation was further evolved to investigate RQ 1.2.

4.2 The System Overview of ShuttleKicker

Prior to our design explorations, relevant technologies were implemented to 

facilitate the possible interactive features for the shuttle-kick activity. Similar to 

Adidas miCoach Smart Ball5, we embedded sensing and communication techniques 

into the classic shuttlecock and utilize existing ICT devices to provide feedback. As 

5. Adidas miCoach Smart Ball: adidas.com/us/smart-ball/G83963.html
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shown in Figure 4.2, we developed a fitness-promoting system called ShuttleKicker 

that consisted of two parts: 1) a smart shuttlecock equipped with sensors to track the 

progress of the activity and send the sensed data to 2) a software on the computer/

tablet for providing feedback and supporting interactions. 

Figure 4.2(a) shows that the physical prototype was equipped with a LightBlue Bean 

(Punch Through, 2014). It is an Arduino-based microcontroller embedded with a 

3-axis accelerometer to track if the shuttlecock is being kicked/passed or falling on 

the ground, a 600mAh Lithium-polymer battery to offer power supply for the sensor 

board, and a Bluetooth module to enable the communication with the software. 

To place the sensor board into the prototype, we redesigned the bottom part of 

the shuttlecock as a casing for the electronics. We applied the laser cutting and 3D 

printing techniques for casing in the first and second iterations respectively. The 

detail is explained later in the corresponding sections. 

The raw data sensed by the accelerometer was transmitted to the Arduino 

microcontroller in the LightBlue Bean for analyzing the progress of the activity. 

Figure 4.2
ShuttleKicker is a close-looped fitness-promoting system that monitors the progress of the activity, and in 
return provides digital feedback to facilitate booster breaks.
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Since the trajectory of the shuttlecock follows the parabola, we applied an algorithm 

adapted from the acceleration fall-detection6 to estimate the movement of the 

shuttlecock. A timer was also settled to determine when the players fail to catch 

the shuttlecock. As such, the ShuttleKicker system could suggest whether one set 

of shuttle-kick was finished and how many times the shuttlecock had been passed/

kicked from that set. The interpreted data was sent periodically (once every 200 

milliseconds) over Bluetooth to the software (see Figure 4.2(b)). The software could 

then provide feedback to the shuttle-kick activity in real time. Moreover, the first 

version of the software was also designed with social-based persuasive mechanisms 

to support office workers’ participation of booster breaks. In the next section, we 

further describe the first iteration regarding the prototype design, the user study, 

and the derived design implications.

4.3 The First Iteration: ShuttleKicker(s)

Prototype design

For the tangible prototype, in this iteration, we imitated the traditional form of the 

shuttlecock. We designed a flat-round coaster (d=55mm, h=25mm) stacked by three 

laser-cutting layers. At first, an MDF-built layer in the middle is designed to wrap 

the sensor board (Figure 4.3(b)), which is covered by an acrylic lid (Figure 4.3(a)) on 

the top to provide connection to the feathers above. Lastly, a felt fabric layer (Figure 

4.3(c)) is placed at the bottom for protecting electronics and improving players’ 

comfort of shuttle-kick. 

Based on the hardware design, we developed an IOS-based application called 

ShuttleKicker(s) for the IPad platform using Xcode Swift. ShuttleKicker(s) can receive 

6. fall-detection: https://github.com/PunchThrough/Arduino-IDE-examples/blob/master/2.Acceleration/FreeFall/FreeFall.ino
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the activity data from the physical prototype via Bluetooth connection. In return, it 

can present the audio-visual feedback according to the progress of the shuttle-kick 

activity.  Moreover, the app provides a set of social interfaces based on persuasive 

mechanisms. In what follows, we show the design of ShuttleKicker(s) in detail. 

The audio-visual augmentation  We designed ShuttleKicker(s) that could provide 

feedback to the activity with an audio-visual augmentation. As shown in Figure 

4.4(a), there are two auditory feedback layers. First, a nature soundscape would 

be presented continuously to create a relaxing ambiance for the booster break. 

Second, during the activity, the musical sound-clips would be triggered based on 

users’ interaction with the shuttlecock. Figure4.4 (b) illustrates that the progress 

of the shuttle-kick activity (the repetitions) can be visualized on the interface and 

projected to users. 

The social mechanisms  We investigated social mechanisms based on the social 

support principles from the Persuasive System Design (PSD) model. PSD comprises 

seven social support principles, including social learning, social comparison, 

Figure 4.3
The physical prototype of the first iteration of the ShuttleKicker system.
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normative influence, recognition, social facilitation, cooperation, and competition. 

Fitness-promoting technologies have widely used the latter two for supporting 

users to compete or cooperate with others on their fitness behaviors (Chen & Pu, 

2014). As shown in Figure 4.5, ShuttleKicker(s) also adopted these two strategies 

with several modifications based on the characteristics of the shuttle-kick activity. 

Intragroup cooperation   The system incorporated the intragroup cooperation to get 

co-workers involving in the collective shuttle-kick activity during booster breaks. In 

the beginning, the app allows participants to sign up as a team that includes from 

two up to six team members (see Figure 4.5(a)). During the registration, participants 

needs to create their team profile in the system (see Figure 4.5(b)). Moreover, Figure 

4.5(c1) shows that the app generates weekly assignments for the team (a team-

based activity goal in our case) on the main interface. 

Figure 4.4
An overview of the audio-visual augmentation from the ShuttleKicker(s) app.
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Intergroup competition  In addition to the cooperative bonding, a leaderboard was 

also implemented on the main interface (see Figure 4.5 (c2)). The leaderboard 

facilitates team-based competitions by linking the historical score of a team to 

their ranking in the system. In this case, ShuttleKicker(s) aims to stimulate these 

ShuttleKicker teams to be more actively participated in the exercise. For example, 

one team can improve their status on the leaderboard by committing a booster 

Figure 4.5
Screenshots of the social interfaces in the ShuttleKicker(s) app.
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break involving shuttle-kick to get additional points. 

The user study

We conducted an exploratory user study to 1) investigate different opinions towards 

the social mechanisms of ShuttleKicker(s) between users at different fitness levels; 2) 

gain some user insights to help evolve the digital augmentation design. 

Participants

We recruited participants by spreading the information via flyers, word of mouth 

and personal contacts with the following criteria. First, we selected participants 

who regularly engaged in office-based work for at least 6 hours per day. Second, 

we excluded people who had physical complaints that might take risks to perform 

physical exercises at the moment of our study. Third, we recruited participants 

who were familiar with the shuttle-kick activity. Fourth, we aimed to recruit 

participants at sedentary and sportive fitness levels. This was addressed by the 

Transtheoretical Model (TTM), which describes that the readiness of a health-related 

behavior progresses through five stages from precontemplation to contemplation, 

to preparation, to action, and to maintenance (Prochaska & Velicer, 1997). Similar 

to Woods et al. (2002), we used the TTM-based measures (see Appendix A-1) to 

distinguish the sedentary (precontemplation, contemplation, or preparation stage) 

and sportive groups (action or maintenance stage). 

A total of 13 participants were recruited for the study without knowing about the 

goal of the study. They were also given the opportunity to withdraw at any point. 

During recruiting, we asked each candidate to perform shuttle-kick for 2 minutes to 

briefly understand their skill level of this activity. The selected participants were six 

university lecturers, four master students, and three bachelor students. Participants 

were assigned into four teams based on their TTM stage and social relationships. There 
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were two teams of sportive participants and two teams of sedentary participants. In 

each team, participants have known each other for more than one year and kept 

good relationships in leisure time. Their characteristics are summarized in Table 4.1. 

We labeled the four participating teams as T01, T02 … T04, and the 13 participants 

as P01, P02 ... P13.

Study setup and procedure

We invited each participating team to undertake the user study once as a booster break 

in their work routine. As can be seen from Figure 4.6, we carried out the user study 

in the public space of the office building. Before the study, the participants signed 

the consent form and allowed us to publish their information related to this study 

for academic purpose. The study was then conducted in three phases successively. 

To start, we provided the participating team an IPad with the ShuttleKicker(s) app, 

through which they registered as a team using the social interfaces. In this phase, 

explanations about how the system work was also given. Afterward, the participants 

had free time to warm up until they were ready to perform shuttle-kick. Next, we 

left participants to complete the collective shuttle-kick activity for about 10-min 

assisted by our system. During the activity, a projector connected to the IPad was 

used to present the visual feedback, and a speaker with Bluetooth connection was 

used to give the auditory feedback. The study was concluded with a focus group 

interview per team, where participants expressed their experience of the study and 

opinions towards our design. The focus group was semi-structured and conducted 

approximately 30 minutes per team. 

Data collection and analysis

During the study, we collected data in three ways, including those from the app 

record, observations, and interviews. First, the duration of the shuttle-kick activity 

and its results were collected by our ShuttleKicker(s) app. Second, upon participants’ 
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Figure 4.6
(a) Apparatus for the study. (b) The study setup. (c) one session of shuttle-kick. 

Table 4.1
Participants characteristics and groupings, r/s stands for repetition(s) per set of shuttle-kick. In 
the row of TTM stage, 1, 2, 3, 4, 5 represents precontemplation, contemplation, preparation, 
action, maintenance respectively. 
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agreement, a video camera was installed at the site to videotape the study progress. 

Two researchers also passively observed the study, based on a protocol (see 

Appendix A-2), and took observational notes without any additional actions. Data 

from the observers and video-camera were later reviewed and summarized into 

observational transcripts. Third, all the focus group interviews were audio-recorded. 

During the interview, we asked participants four questions: “How did you experience 
the social interfaces of the app?”, “What will you expect if you are going to use the 
system to facilitate the group-based shuttle-kick activity?”, “How did you experience the 
audio-visual feedback during the exercise?”, and “What will you expect if there is going 
to be real-time feedback for shuttle-kick?”. There was enough space for participants to 

elaborate on their experience and opinions freely. Observational and interview data 

were fully transcribed and analyzed following the thematic analysis (Braun & Clarke, 

2006). Segmentations of these transcripts were clustered and validated into different 

themes based on the logical closeness. 

Findings

From the app-recorded data (see Table 4.2), we observed that the exercise duration 

of the four teams were basically at a similar level. While all teams were suggested 

to play for 10 minutes and could cease at any moment, they had performed the 

Table 4.2
App-recorded data of four teams.
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activity for more than 10 minutes. This indicated that our participants considerably 

immersed themselves in the activity. Additionally, we found that with fewer 

participants in the sportive teams, their repetitions of shuttle-kick were still much 

higher than the sedentary teams. This finding indicates that our system could not 

support any different improvements of the exercise skill between both groups in 

a short period. Apart from the app-recorded data, due to the explorative nature of 

this study, we highlight our qualitative results from focus groups and observations. 

With the use of representative quotes from participants, we present reflections of 

our design strategies in two parts. First, we report sportive and sedentary groups’ 

opinions towards the social mechanisms of ShuttleKicker(s). Second, we report user 

insights on our system interactions design (i.e., the digital augmentation).

Different opinions towards the social mechanisms of ShuttleKicker(s)

According to focus group interviews, most participants had a favorable impression 

with the design of our social interfaces in ShuttleKicker(s). Their reasons were: “it 
was an aesthetically appealing application” (P02), “it supports our intention to perform 
better during the shuttle-kick activity” (P11), “it reinforces our social bonding on this 
activity” (P08), and “it may stimulate more communication in the workplace” (P05). 

From interviews and observations, moreover, we learned that the sportive and 

sedentary groups had several different experiences of our social interfaces. 

Intragroup cooperation – the sportive group There were very few cooperative 

behaviors from the sportive group exhibited. Specifically, participants in T01 always 

attempted to juggle the shuttlecock as many as possible by one person and then 

sent to another. This was even more obvious with T02. In the study, they did not 

pass the shuttlecock to others until they got tired. Explanations from both teams 

were closely related to the intention to reach a higher score: “If we two people 
juggle (the shuttlecock) individually, we could make better scores than this time” 
(P01), “Unlike basketball, shuttlecock kick is not a match requires team spirit. It 
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mostly based on personal performance” (P05). This suggested that the personal skill 

drove the behaviors of the sportive people to a large extent. Instead of cooperative 

participation of the collective physical activity, they tended to follow strategies that 

could increase their overall achievement for the collective fitness goal. 

Intragroup cooperation – the sedentary group The cooperation seemed to be 

differently perceived by the sedentary group. From the test, we observed that every 

participant was very proactive to deliver the shuttlecock to the teammates. As they 

put it: “It must be encouraging for us to play (shuttlecock) with friends and receive 
applause from them” (P13), “Teamwork outweighs personal ability” (P08). This showed 

that they gave priority to cooperate with each other at a team level. Particularly, we 

observed that T04 created a strategy for the cooperation: one has to say own name 

before receiving the shuttlecock. They explained that the strategy helped them 

optimize their cooperation: “It aims to solve the problem when everyone wants to kick 
(the shuttlecock) in the same time. By doing so, we could work in good order. And this 
strategy is derived from volleyball training” (P12). On the other hand, it should be 

noticed that a lack of skills may contribute to a relapse of the certain physical activity. 

For example, we observed that P13 was very passively involved in the exercise at 

the end of the booster break. During the interview, she explained: “At first I did not 
aware of my weakness, but in the last a few minutes I found that I was still not good, 
so I wanted to give up.” Proper improvement on the fitness skills may be desirable 

among sedentary people before participating in the collective activity. As P06 said, 

“Initially I like to spend time practicing my skill on shuttle-kick alone, I am more 
willing to play the shuttlecock with my colleagues when I can do it better.” 

Intergroup competition – the sportive group From our observations, we did not 

find anything special from the sportive group. When discussing on the leaderboard 

in our system, they mentioned: “I want to participate the competition of shuttle-
kick only if there are some rewards” (P02) and “Without incentives, we don’t have the 
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motivation to involve in the competition” (P04). This revealed that extrinsic rewards 

for sportive people could encourage the engagement of competition. Moreover, 

they stated that they were less likely to talk to each other during the booster break, 

in order to put their concentration on the competition: “This activity requires effort, 
I don’t want to pay too much attention to communicating with my teammates. 
Otherwise, we can stand there to have a chat.” (P02), “Communication has nothing to 
do with the (progress of the) activity” (P03). This finding suggested that when office 

workers, with higher TTM stages, join in the competition-based booster fitness, they 

may become very competitive to win a good place in such match. 

Intergroup competition – the sedentary group Most participants in this group 

seemed to unlikely link their motivation of the booster break to the competition 

mechanism: “While I also want to beat other teams, sometimes I just want to challenge 
myself to become better” (P12). This implied that sedentary people would keen on re-

evaluating the self-image in the competition-based physical activity. Moreover, we 

noted that the negative results at the team-level could also demotivate their passion 

towards the activity. As what P07 said, “If we perform too bad and the ranking is not 
good anymore, then we may loosely involve in the activity.” 

Preliminary insights on the digital augmentation of ShuttleKicker(s)

In the interview, most participants appreciated the fact that they could check their 

activity results from the display during the exercise. However, they thought the 

visual feedback could bring several challenges to the collective shuttle-kick activity: 

“checking the score frequently through the visualization was a kind of distraction for 
our activity” (P01), “there were too many things to tell me on display” (P10), “reading 
the information during the exercise was overwhelming for me” (P07). Regarding the 

auditory feedback, it was experienced better than the visual means during the 

exercise. For example, P02 mentioned that “I am satisfied with my performance as 
I could keep up the music during the fitness break”. P09 said that “I like the musical 
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elements that enable us to kick the shuttlecock with the rhythm”. P11 stated that “the 
auditory accompanies had encouraged us to take a longer fitness break”. On the flip side, 

some participants also showed the potential challenge of the auditory feedback: 

“When we failed, and the music stopped, then we felt a bit depressed” (P12). This 

concern may be addressed by keeping the auditory feedback of the physical activity 

in a positive and rewarding way.

Discussion

In the first iteration, we designed the ShuttleKicker(s) app based on the technological 

implementation of ShuttleKicker. The app contained a set of social interfaces based 

on the intragroup cooperation and intergroup competition mechanisms to facilitate 

social bonding in the physical activity. Moreover, it implemented with the audio-

visual augmentation that mapped to the progress of the shuttle-kick activity. Based 

on the prototype, a qualitative user study was conducted to understand different 

opinions towards the social mechanisms of ShuttleKicker(s) between sedentary and 

sportive office workers. User insights were also collected regarding the experience 

with the audio-visual augmentation from the system.  

Support the active participation of cooperative fitness breaks

In this study, we leverage the social mechanism of cooperation to facilitate the 

shuttle-kick activity as a collective fitness-boosting break. Our user study has 

revealed different patterns of participation among office workers at distinct fitness 

levels. Regarding the sportive participants, we found that they tended to divide the 

cooperative fitness goal into individual tasks. Due to their high self-efficacy (Bandura, 

1977), most sportive participants tried to put themselves in a position where they 

could leverage their strength in the collective exercise to contribute to the team 

progress. They followed the rule that ‘the stronger person took more responsibility’. 
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For sportive office workers, based on this finding, we suggest that interactive 

technologies should be designed to facilitate skill-matching tasks to individuals 

during cooperative fitness-boosting activities. 

In contrast, the sedentary participants were enthusiastic to involve in the cooperative 

fitness as a leisure activity in the study. Rather than focusing on individual 

performance, they put substantial effort into how to better cooperate in the activity. 

Some strategies were also spontaneously applied to energize the cooperation in a 

booster break. For example, T04 applied the principle from the volleyball training to 

avoid the potential conflict in catching the shuttlecock. These strategies ensured all 

the team members could be actively involved in the booster break. In this light, we 

suggest the fitness-promoting technology should be designed to provide sedentary 

office workers with some cooperation supports. For example, a game-rule generator 

that can guide the cooperation in the shuttle-kick activity.   

While the mechanism of the intragroup cooperation is used to strengthen the 

social bonding in the fitness break, the comparison emerged when office workers 

performed the physical activity together. Even within the group of participants at 

the similar fitness level, the ‘unfair’ comparison of skills in shuttle-kick discouraged 

the less skillful one to take part in the activity. Prior studies (Lin et al., 2006) also 

found that the unequal contribution between cooperators might lead to negative 

results. Thus, we suggest that the fitness-promoting technology should be able to 

pre-evaluate office workers’ skill in a specific activity and help them to find fitness 

buddies at a similar level for a booster break. 

Leverage positive stimulus to develop competitions of the collective fitness

Regarding the intergroup competition, our follow-up interviews highlighted the 

potential impact of the positive stimulus in developing competitive behaviors for 
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both sedentary and sportive groups. The sportive participants mentioned that they 

might be triggered to increase their levels of physical activity in the booster break to 

beat other teams, if some incentives are provided, such as bonus and gift. A popular 

mechanism in the exergame, ‘challenge and reward’ (Mandryk et al., 2014), may fit 

the context to support sportive office workers’ adherence to the team-level fitness 

competitions. In contrast, the sedentary participants stated that competing with 

high-level opponents might not that desirable for them. Research evidence has 

suggested that excessive competition could discourage health behavior change 

(Ahtinen et al., 2009; Lin et al., 2006; Macvean & Robertson, 2013). Foster et al. (2010) 

have proposed a fitness intervention based on friendly-competition among office 

workers. In addition, system feedback can be designed with a positive expression 

to encourage physical activity among sedentary workers. In the social network, 

recognized by friends may support their motivation in participating in a fitness 

competition as well.  

Towards the auditory feedback to augment the experience of booster breaks

From the user study, we have received positive comments from most participants, 

indicating the potential of sound effect in improving the experience of the collective 

shuttle-kick activity. The audio-based digital augmentation has been proven 

beneficial for encouraging physical activity in a number of studies. For example, 

Chittaro and Zuliani (2013) revealed that a storytelling soundscape could stimulate 

the enjoyment of running. Similarly, Tajadura-Jiménez et al. (2015) found that 

altering sounds based on the frequency of the footsteps could influence emotion, 

perception, and physical performance of walking. Newbold and colleagues (2016) 

showed that different harmonic stability of musical feedback could both encourage 

making progress and prevent overdoing of rehabilitation exercises. On the other 

hand, the visual feedback was mostly considered redundant in supporting shuttle-

kick by our participants during the user study. This could be attributed to the reason 
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that our visual feedback was presented on the wall, which required participants to 

switch their focus from the activity to the environment. Such additional action could 

distract the progress and the experience of the exercise. Future exploration might 

be exploring combining the visualization with some elements of the activity, such as 

embedding visual feedback into the shuttlecock itself. 

Next to this iteration, we intend to investigate audio-based augmentation further 

to enhance the shuttle-kick experience for office workers in a booster break. Many 

studies have examined the auditory feedback to guide different types of physical 

activity. For instance, Baldan, Götzen, and Serafin (2013) developed an audio-based 

game to facilitate tennis training and enable visually-impaired users to participate as 

sighted users. Nylander et al. (2014) developed a sonification system that amplified 

the sound of the golf swing to support self-reflection during the golf exercise. 

More recently, an emerging research focus has been put on how to involve audio-

based augmentation to optimize the exercise experience. Mueller et al. (2012) 

involved an audio presentation of the physiological data that accompanied with 

the communication between joggers to balance their ability difference for a more 

immersive co-exercise experience. Liljedahl et al. (2005) correlated the MIDI-based 

sonic material to different actions (e.g., cue, score, alert) in the climbing activity 

for improving the exercise engagement. In the light of these examples, our next 

iteration aims to explore the mechanism of auditory feedback to augment the 

exercise experience of shuttle-kick during booster breaks. 

4.4 The Second Iteration: ShuttleKicker(+)

This section presents the design and evaluation of ShuttleKicker(+), an interactive 

prototype that can provide audio-based augmentation to the shuttle-kick activity. 

We developed the concept of ShuttleKicker(+) based on lessons learned from the 

design and user study of ShuttleKicker(s). 
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Prototype design

To further enhance the durability and usability of the physical prototype, we 

redesigned the bottom part of the shuttlecock. After several explorations (Figure 

4.7(a)), we decided to use a 3D-printed flexible silicone case to protect the sensor 

board (Figure 4.7(b)), which fitted tightly into a customized coaster (Figure 4.7(c)). 

Figure 4.7
The tangible design of ShuttleKicker(+): 
(a) the formal exploration; (b) the case 
to protect the sensor board; (c) the final 
prototype.
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The upper part of the coaster was 3D-printed using semi-flexible silicone, which 

stabilizes the form of the prototype and provides the connection to the feathers 

above. The lower part of the coaster was an upholstered hemisphere, which offers 

additional protection for the sensor board and reduces the negative influence from 

the weight of the prototype.

In the project of Amagatana, Katsumoto and Inakage (2007) incorporate a sound of 

swords clashing into the behavior of swinging an umbrella, which makes it playful for 

people to carry a plastic umbrella after the rain. Inspired by this, in ShuttleKicker(+) 

we mapped a set of gamified sound effects to the shuttle-kick activity for a responsive 

and game-like exercise experience. To start, we videotaped a typical collective 

shuttle-kick activity for around 30-min to identify behavior patterns of this exercise. 

We later summarized the behaviors into six patterns, which are picking up, weighing 

in hand, kicking solitary, kicking collectively, catching in hands, and failing to catch. 

Afterward, a one-minute video-based mockup was made to demonstrate the design 

concept of ShuttleKicker(+). In the video, we mapped the six behavior patterns with 

remixed audio effects from video games.

Based on the video-based mockup, we carried out a focus group with three office 

workers to gain user insights before implementing our prototype. The focus group 

began with explaining our initial design with the video-based mockup. We then 

asked participants: “Do you like this design concept?”, “Will you use this design to assist 
your work breaks with colleagues?” and “Do you have any suggestion to improve this 
design?” During the interview, all participants stated that they liked our approach 

that combines the traditional physical activity with the interactive auditory feedback 

from video games. They expressed their interest in using such technology for fitness 

breaks in the work routine. On the other hand, they also mentioned that the current 

design provided too many sound effects to be clearly perceived. Given that shuttle-

kick is a fast-paced activity, they suggested us to simplify the feedback mechanism 
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to make it supportive but not overburdening. Based on their suggestions, we 

summarized the six patterns into three states of the shuttle-kick activity, including 

hit, pass, and miss. These three states were then matched to the sound clips from 

“Super Mario Bros” (Miyamoto, Yamauchi, & Tezuka, 1985) and finally implemented 

into a computer-based software developed using Processing (see Figure 4.8). The 

protocol of the auditory feedback is organized in Table 4.3.

The user study 

Participants 

We conducted a user study to understand if the auditory feedback could improve 

Figure 4.8
The ShuttleKicker(+) system contains a tangible prototype for collecting data and a software for processing 
data and providing feedback.
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Table 4.3
Combining the sound effects with different states of the activity. See a full list of the sound 
clips of Super Mario Bros from: themushroomkingdom.net/wav.shtml

Table 4.4
Participants characteristics and groupings.
Skill level – 1 stands for the beginner level. Skill level – 2 stands for the intermediate level.

the user experience of the collective shuttle-kick activity during a booster break. A 

between-subject experiment was conducted with 12 participants (6 females, age: 

M=27.9, SD=1.6). Through a pre-questionnaire (see Appendix A-3), we learned that 

all our participants had some experiences about shuttle-kick, and they self-rated 

their skill from the beginner to the intermediate level. As can be seen from Table 4.4, 

we assigned participants to the experimental group and control group randomly. 
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Procedure 

All the experiments were carried out in the afternoon as a booster break. Our study 

was settled in the lobby of an office building. We conducted our test with three 

participants each time. The experiment contained two sessions. 

The exercise session We invited three participants to perform the shuttle-kick 

activity together for 10-min per experiment. The goal of the exercise was to kick 

the shuttlecock together as many times as possible. For the experimental group, we 

applied the auditory feedback in the game, where a Bluetooth speaker was deployed. 

Before the game, we explained and demonstrated the design of the ShuttleKicker(+) 

system. For the control group, no introduction of the auditory feedback was given 

beforehand. We muted the sound during the activity. 

The post-exercise session After the game, we asked participants to fill in the post-

questionnaire (see Appendix A-4). We also conducted the post-interview with the 

experimental group to collect qualitative feedback regarding their experience and 

opinions about our design. 

Data collection 

During the exercise session, we video-recorded the whole game process. Meanwhile, 

our prototype gathered how many repetitions the group achieved each set, and 

how many sets the group played in total. Here, we aimed to explore if there was any 

different performance between groups. As shown in Appendix A-4, during the post-

exercise session, every participant was given the User Experience Questionnaire 

(UEQ, Laugwitz, Held, & Schrepp, 2008), which uses different semantic associations 

to evaluate six aspect of user experience, including attractiveness, perspicuity, 

efficiency, dependability, stimulation, and novelty. For the experimental group, 

we interviewed them with the open-ended questions adapted from Kajastila et 

al. (2016), including “What did you like the most about ShuttleKicker(+)?”, “What 
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did you like the least about ShuttleKicker(+)?”,  “How does the experience with 
ShuttleKicker(+) differ from regular shuttlecock?”. All the interviews were audio-

recorded and transcribed later. 

Data analysis. 

Although the sample size of this study was small, we still decided to analyze the data 

from UEQ statistically to show an approximation of user experience with our design. 

We conducted independent-samples t-test with the grouping (experimental group 

vs. control group) as an independent factor. This analysis was done by using the 

compare tool in the UEQ package (Laugwitz et al., 2008). For qualitative analysis, all 

the interview-transcripts were segmented into statements and clustered according 

to the six aspects of UEQ to support the interpretation of our quantitative data.

Findings

From the prototype-recorded data (see Table 4.5), we observed that the teams from 

the experimental group made the worst and best performance respectively, yet the 

total repetitions between the two groups were similar. This suggested the skills of 

Table 4.5
The prototype-recorded data.
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shuttle-kick were fairly equal between groups. From the recorded video, we found 

all the players talked to each other frequently during the exercise. For the control 

group, most of the topics were about the activity itself, while some discussion about 

the sounds also occurred for the experimental group. 

Now we describe the different user experience between two conditions by presenting 

the results from UEQ and follow-up interviews. As can be seen from Figure 4.9, The 

independent-sample t-test based on data from our 12 participants indicated that 

the experimental group had a more attractive (t=2.31, p=0.045) and novel (t=3.02, 

p=0.015) shuttle-kick experience than the control group.

Attractiveness During interviews, our sonic interaction was mentioned as attractive 

several times by our participants. They thought it was much easier to get involved 

Figure 4.9
Mean and SE of UEQ.
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in the activity with the auditory feedback. Furthermore, our participants highlighted 

that “The interactive sound also has the magic to invite audiences or people who passed 
by to join in.”

Novelty All the participants were impressed by the gamified sound effects. They 

felt the combination between the physical activity and the digital game provided a 

unique experience during the exercise. As they said, “It makes me feel like back to my 
childhood.” “I have enjoyed the activity very much, as I see it as another Super Mario 
game in the real world.” One participant even believed: “I can play it for 30-min 
alone, as I would like to consider it as a digital game.” 

The control group rated the aspects of stimulation (t=0.34, p=0.74), perspicuity 

(t=1.36, p=0.21), efficiency (t=1.37, p=0.20), and dependability (t=0.33, p=0.75) 

in UEQ higher than the experimental group. However, there were no statistical 

differences in these aspects between the two groups. Our interview with the 

experimental group revealed a few reasons to explain the quantitative findings.

Stimulation Although the motivational aspect of our design was perceived lower 

than the ordinary shuttlecock, most of the participants still believed that the music 

could motivate them to perform the shuttle-kick activity. For instance, one participant 

thought: “the sound told me perhaps I can do better and achieve more repetitions.” 
However, they also worried about their motivation of using ShuttleKicker(+)would 

be decreased after a longer time. As one participant from T1 stated: “the current 
sound was very straightforward, people may easily feel the feedback is tedious and get 
bored.” They also mentioned: “the music from Super-Mario may suit us, but not for 
everyone, especially younger or older generations who don’t know the game.”  

Perspicuity We also received a lower score about the perspicuity of our design, as 

one participant explained that: “Even though you already introduced us the mechanism 
of the sound, sometimes it is still hard for us to map shuttle-kick with the scenario 
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of Super Mario.” In contrast, another participant linked this issue to the learning 

process and suggested that the experience would be improved after several times 

of play.  

Efficiency In our design, we changed the bottom part of the shuttlecock from 

flat into a round shape, without expecting any adverse influence to the shuttle-

kick activity. However, during the interview, all the participants stated that it was 

more difficult to control the movement of the prototype, compared to an ordinary 

shuttlecock. E.g., “I don’t know how much effort I need to keep the shuttle in a nice 
position for next kick.” 

Dependability As discussed earlier, the interaction protocol implemented in 

our prototype for the study was relatively simple. It may not sufficiently relate 

participants’ fitness behaviors to the technology. As one participant said: “After two 
minutes of play, I could not feel the strong connection between the sound and my 
performance.” 

Discussion 

In this iteration, we designed ShuttleKicker(+) and tested if its gamified auditory 

feedback could improve the user experience of the shuttle-kick activity during the 

booster break. Our results suggested that our new design significantly improved 

the experience of the shuttle-kick activity regarding the novelty (p=0.015) and 

the attractiveness (p=0.045). Based on our findings, moreover, we derive a few 

implications that should be considered more carefully for the future design of digital 

augmentation to support booster breaks. 

Gamified experience

Our study has exemplified involving the gamified sound effects to create a novel 
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user experience for a fitness-boosting activity. On the other hand, we designed the 

feedback using the same set of sound effects for the entire activity. Our findings 

revealed that auditory feedback should be more dynamic and adaptive to sustain 

the participation of physical activity. Previous research suggested the sound should 

be integrated into the overall process of the exercise (Liljedahl et al., 2005). Similarly, 

our study indicated that the sound effects based on the update of the entire activity 

might enhance the bonding between users and the physical exercise. For example, 

one of our participants mentioned: “If in this design more game elements, such as 
checkpoints and different game levels could be added and presented through diverse 
layers of the sounds, we would be more likely to involve into the activity.” 

Social engagement

From this study, we also learned that our design has some potential benefits to 

encourage social engagement of the shuttle-kick activity. From our observation, this 

can be further optimized in two aspects. First, while we implemented the auditory 

feedback based on some sound clips from the video game, our participants showed 

their preferences about the sound with individual differences. In ShuttleKicker(+),  

it uses the computer to provide the auditory feedback. This may be improved with 

a function to connect to an online sound-clip database. As such, different ‘sound 

packages’ could be imported into ShuttleKicker(+) according to the personal/group 

preference. Also, such implementation could facilitate the group to discuss the 

preference and make a choice through, e.g.,  preview the effects. Second, during 

the exercise session, we noticed that some audience stopped by and watched the 

activity. As mentioned before, the shuttle-kick activity should be able to be accessed 

by multiple players and their participation should be casually organized. To facilitate 

this, we propose exploring workplace technologies that can collect fitness data from 

office settings unobtrusively. 



Chapter 4

086

4.5 Limitations 

The takeaway messages from the research in this chapter should be carefully 

interpreted due to the following limitations. First, the limited time span of the user 

studies may have influenced the reported findings. A more extended study may 

provide richer information about the suitability and the effects of our interactive 

systems to support booster breaks. Second, our study participants were limited 

to university staff members and students, whose work pattern might be different 

from that of other types of office workers. Thus, the results from this chapter may 

not be representative of a broader population of office workers. Third, our statistical 

analyses lacked rigorous protocol and process due to the small data sample size. This 

chapter presented exploratory design studies to obtain some initial understanding of 

designing interactive technology to facilitate physical activity during booster breaks. 

In the future, it will be necessary to conduct long-term field studies to investigate the 

suitability of the further developed ShuttleKicker system in everyday office settings 

and the very potential of its assisted shuttle-kick game for booster breaks.

4.6 General Discussion

In this chapter, we have reported design explorations that leverage the interactive 

technology called ShuttleKicker to promote the shuttle-kick activity in a booster 

break. ShuttleKicker was implemented with a microcontroller, an accelerometer, and 

a Bluetooth module in a classic shuttlecock to enable the activity tracking and the 

user-system interaction. Based on the ShuttleKicker system, two design iterations 

were conducted to investigate the social mechanisms and audio augmentation to 

support the booster break. In the first iteration, we developed the ShuttleKicker(s) 

app with a set of social interfaces derived from the social mechanisms of cooperation 

and competition to encourage the collective shuttle-kick activity. Its user study 



ShuttleKicker

087

has suggested that social interfaces should be designed to support the active 

participation of the cooperative fitness break and leverage positive stimulus to 

promote competitions of the social fitness like shuttle-kick. The second iteration came 

up with another application called ShuttleKicker(+) that mapped a variety of sound 

effects to the team progress of shuttle-kick to augment the exercise experience. The 

user test of ShuttleKicker(+) has indicated that our designed auditory augmentation 

could improve the shuttle-kick experience significantly, in terms of the novelty and 

the attractiveness. Moreover, we suggested that the auditory augmentation would 

enhance the exercise experience and social engagement of a booster break by 

relating the gamified sound effects to the progress of the activity. This chapter aimed 

to use investigations of ShuttleKicker(s) and ShuttleKicker(+) to raise discussion on 

designing interactive technology to facilitate physical activity during booster breaks 

in two aspects.  

First, while sharing similar routine patterns, co-coworkers may have varied attitudes, 

motivations, skills, etc. towards physical activity and being active at work. In 

ShuttleKicker(s), we employed the common social mechanisms of cooperation 

and competition. However, the sedentary and sportive participants showed very 

different opinions towards such one social setting in our system. Increasingly, HCI 

researchers have introduced different design principles to the social feature of the 

persuasive technology (e.g., Fogg, 2003; Oinas-Kukkonen and Harjumaa, 2009). In 

the context of a workplace, the simple application of those social features alone 

may not sufficiently encourage the participation of fitness breaks among all the co-

workers. As learned from the user study with ShuttleKicker(s), sometimes several 

more design strategies may need to combine into one social feature to fit the need 

of a particular type of office workers (or even a specific individual). Purpura and 

colleagues (2011) argued that implementing theoretical guidelines into persuasive 

design alone lacked the appropriation to the real-life context. These lessons suggest 

that before developing new workplace fitness-promoting technologies, designers 
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may need to take a close look at the office context and adapt the design strategies 

based on the insights elicited from the target users and other stakeholders. For 

example, ShuttleKicker(s) may be updated as a technology probe (Hutchinson et al., 

2003). By embedding it into the everyday context, we can understand how different 

office workers actually facilitate the shuttle-kick activity for booster breaks and 

modify our intervention accordingly.        

Second, previous studies have investigated supporting the progress of the booster 

breaks by training supervisors and health-promoting materials (Taylor et al., 2013). 

These strategies may provide guidance to ensure an efficient booster break, but 

office workers may easily get bored and unwilling to participate (Taylor, Horan, 

Pinion Jr, & Liehr, 2014). Interaction techniques such as the digital augmentation can 

play a decisive role in supporting the engagement of fitness breaks by the enhanced 

exercise experience (Mueller et al., 2011). ShuttleKicker(+) provided preliminary 

evidence that incorporating the auditory augmentation into the shuttle-kick activity 

could offer gamified exercise experience and support the social engagement of the 

booster break. 

While interactive technologies have long been introduced into the office fitness 

programs, they have been mainly applied as activity trackers to support the 

accountability of fitness behaviors (Bravata et al., 2007). Office workers expected 

new types of fitness-promoting technologies that could recognize a broader range 

of physical exercises and provide some novel experiences for the workplace fitness 

initiatives (Gorm & Shklovski, 2016b). ShuttleKicker(s) and ShuttleKicker(+) are just 

an example showing their potential to be used during booster breaks to support the 

social fitness. 

Along with our research progress, we supervised several student design projects, 

who also explored the same topic of fitness-promoting technologies for digitally-

augmented fitness-boosting breaks. The summary and analysis of these students’ 
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designs have been published in one of our conference papers. As can be seen from 

Figure 4.10, in this thesis we present two examples of students’ designs that share 

the same research scope with ShuttleKicker. Body Sketching is implemented with two 

Kinect sensors and deployed in a meeting room, which enables office workers to 

create geometric graphs together through bodily movements during a meeting rest 

(see Figure 4.10(a)). Active Floor is a floor-mat equipped with pressure sensors that 

connect to a public display, which can be deployed in a recreation room to attract 

office workers to march on the mat to unblock virtual rewards (see Figure 4.10(b)). 

Together with the ShuttleKicker systems, it could also be interesting to study the 

long-term impact of these design cases in facilitating a diversity of fitness exercises 

during booster breaks in the work routine.

Figure 4.10
Examples from students’ design projects: (a) Body Sketching and (b) Active Floor.
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5.1 Introduction

In Chapter 3, we have described that regular micro-breaks with some light-intensity 

physical exercises, such as ergonomic training or stretching, have been proven 

beneficial to workers’ physical (Healy et al., 2008) and mental health (Kim, Park, & 

Niu, 2017). Workplace health interventions have been developed to promote fitness 

behaviors in micro-breaks by a variety of means, e.g., health program (Falkenberg, 

1987), sociocultural or environmental change (Yancey et al., 2004), and also fitness-

promoting technologies (van den Heuvel, de Looze, Hildebrandt, & Thé, 2003). 

Fitness-promoting technologies designed to facilitate micro-breaks at work have 

been investigated extensively. For instance, an emerging number of research 

prototypes and some commercial applications have been designed to provide 

guidance for physical activity during the micro-break using e.g., animation (e.g., 

Wang, Jiang, & Chern, 2014), and virtual coach (e.g., Workout Trainer7). As discussed 

in Chapter 2, the rapid advance of sensing technique and HCI increases the 

interactivity of fitness-promoting technologies designed to improve the system’s 

effectiveness and enhance the exercise experience. It has been shown that using 

motion-based interactions to mediate physical activity can increase the metabolism 

and psychological states (Gao & Mandryk, 2012), as well as provide enhanced exercise 

experience (Mueller et al., 2011). Previous research also indicated the potential of 

using motion-based interactions to promote some light-intensity exercises as work 

breaks (Mandryk et al., 2014). However, how interactive technology can be designed 

to facilitate the low-effort desk exercise during micro-breaks and what benefits it 

can provide to office workers remain an open question and is a worthy topic of 

study. This chapter aims to offer insights into such questions, based on design and 

evaluation of such technology. 

7. Workout Trainer: https://itunes.apple.com/us/app/workout-trainer-fitness-coach/
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In this chapter, we present HealthSit, an interactive posture-based system that 

assists stretching exercises during fitness breaks at work. HealthSit senses the weight 

shifts of the subject as an indicator of sitting posture and it provides audio-visual 

interactions to support a lower-back stretching exercise. In this project, HealthSit 

serves as a research probe that can be used to investigate the effects of system 

interactivity and facilitating physical activities during fitness breaks. It was therefore 

implemented with three working modes: 1) an interaction-aided exercise mode 

with real-time feedback about users’ performance and exercise results, 2) a guided 

exercise mode with pre-set exercise guidance, and 3) a self-directed exercise mode 

with neither feedback nor guidance. A within-subject study was conducted with 

30 office workers. We compared the three working modes of HealthSit in terms of 

exercise quality, user experience, and psychological benefits. This user study was 

designed to answer three sub-questions: 

RQ2.1: To what extent does the interaction-aided exercise mode of HealthSit 

enhance the effectiveness of the lower-back stretching exercise compared to 

the other two modes? 

RQ2.2: Whether and how does the interaction-aided exercise mode of 

HealthSit enhance the experience of the micro-break compared to the other 

two modes? 

RQ2.3: Do micro-breaks combined with the interaction-aided exercise mode 

of HealthSit enhance users’ emotional status and cognitive performance 

compared to micro-breaks based on the other two modes. 

5.2 Related Work

In this section, we present two kinds of related work. First, we describe the role of 

physical activity, especially the stretching exercise, during micro-breaks in improving 
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health and wellbeing for office workers. Second, we present some designs and 

applications of the interactive technology used during fitness micro-breaks. 

Encourage physical activities for micro-breaks

Given the substantial benefits of regular work breaks (Healy et al., 2008), an increasing 

number of workplace technologies has been employed to monitor workers’ sedentary 

time and remind them to take a break (e.g., WorkPace8). Research by Burkland (2013) 

has established that minute-short breaks with some light-intensity physical exercises 

could help avoid RSI, muscle fatigue and prolonged inactivity among office-based 

employees. Prior research was dedicated to encouraging people to step away from 

the office for short breaks with technology-augmented walking (Cambo, Avrahami, 

& Lee, 2017) or physical leisure activities (Ren, Ma, Lu, & Brombacher, 2017).

Stretching is also a common physical exercise during short breaks, which has been 

shown to positively contribute to improved emotional state and muscular activation 

among office workers (Henning et al., 1997). Many fitness coach applications that 

instruct stretching and ergonomics training have been developed to prevent RSI 

(Janneck, Jent, Weber, & Nissen, 2017; Wang et al., 2014). Additionally, by tracking 

arm movements with a wearable sensor, an interactive application for arm-stretching 

has been designed and proven to be effective in increasing the number of stretches 

taken (Kim et al., 2017).

In this chapter, we propose an interactive fitness system that supports a lower-

back stretching exercise during work breaks. Exercise mechanisms designed for 

seated lower-back stretch training have been shown to be efficient in reducing the 

risk of musculoskeletal back disorders (da Costa & Vieira, 2008). However, to our 

knowledge, few studies have leveraged interactive technology to support such 

8. WorkPace: https://www.workpace.com/workpace/about/what-is-workpace/
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stretching exercises during fitness breaks and investigated office workers’ physical 

and psychological outcomes as part of an empirical approach.

5.2.2 Interaction design for promoting fitness behaviors during micro-breaks

HCI technology can have a positive impact on fitness promotion during work breaks. 

An increasing number of interactive fitness-promoting systems have been developed 

to facilitate physical activity by utilizing motion data and game mechanics (Mandryk 

et al., 2014). Motion-based interactions are essential in fitness promotion systems 

designed to facilitate physical movement. In the office environment, various types of 

sensors can be employed to capture motion data as input to the system. For instance, 

Limber uses a workstation-mounted Kinect sensor to track the user’s posture data 

(Reilly et al., 2013). SuperBreak uses computer vision via a webcam to detect a user’s 

hand movements for vision-based activity (Morris et al., 2008). Exerseat installs a 

proximity sensing toolkit on office chairs to monitor whether users are sitting on or 

near the seat (A. Braun, Schembri, & Frank, 2015).

Given the advantages of attracting people to engage in long-term physical activities, 

various exergames have been designed to encourage seniors to be more physically 

active (Gerling, Livingston, Nacke, & Mandryk, 2012), increase individual fitness 

levels (Mueller et al., 2011) and encourage an active lifestyle (Gao & Mandryk, 2011). 

For workplace fitness-promoting technology, moreover, gamification has also been 

increasingly applied to support fitness break. For example, a casual exergame called 

GrabApple has been designed with simple rules and easy access for a ten-minute 

of play. This has proven to be effective in increasing  young adults’ physical efforts 

during the game and generating psychological benefits (Gao & Mandryk, 2012). 

BreakSense uses a mobile application to propose short indoor-location-based 

challenges for office workers to increase their physical movements at work (Cambo 

et al., 2017).
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In this chapter, we present the design of HealthSit, which employs a set of force 

sensing resistors to sense sitting posture and has a lightweight game-like interaction 

design which facilitates a lower-back stretching exercise during micro-breaks. The 

aim of HealthSit is to offer users a low-effort yet engaging fitness break. We elaborate 

on the design considerations and the system implementation of HealthSit in the 

next section.

5.3 Design of HealthSit

Hardware of HealthSit for sensing sitting postures

HealthSit was designed to detect the user’s sitting posture by sensing weight 

distribution on a sit pad. The size of the HealthSit sit pad (40x40 cm2) ensures that 

it fits regular office chairs. As shown in Figure 5.1, six square-type Force Sensing 

Resistors (FSR) are embedded in a fabric pad at specific positions. The FSRs are 

symmetrically distributed on the left and right sides of the pad, based on references 

from a sedentary pressure map (Commissaris & Reijneveld, 2005). The combination 

of multiple FSRs on each side improves the accuracy of motion detection, given 

different sitting positions. 

The raw data sensed by the FSRs is transmitted to an Arduino PCB, which contains an 

ATmega 328 microcontroller. The collected motion data was then transmitted to the 

HealthSit through an AT-09 Bluetooth 4.0 module. In the software, the motion data 

was processed by a specialized Artificial Neuron Network (ANN, see Figure 5.2) to 

recognize user’s sitting postures and variances. The basic mechanisms of how ANN 

works in HealthSit are described as following. To start, the sensory data is collected 

from the HealthSit and weights are given. An algorithm then translates this data 

and gives a probability in which posture the user is currently sitting. The learning 
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Figure 5.1
Technical 
Implementation 
of HealthSit.

Figure 5.2
The ANN used in 
HealthSit.
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algorithms can be taught multiple different postures and can calibrate the user’s 

movement range along this way. As such, the system can analyze the user’s progress 

in movement and customize the exercises accordingly. Finally, the software archived 

and presented the posture-related information to the user with real-time feedback 

to encourage posture dynamics and avoidance of the excessive sitting. 

Software of HealthSit for assisting stretching exercise

In this chapter, we focus on investigating the posture-based interaction of HealthSit 

system for facilitating a seated lower-back stretching exercise during work breaks. 

The lower-back stretching exercise during work breaks. The lower-back stretching 

exercise is adapted from dynamic weight-shifting (see Figure 5.3), which involves 

Figure 5.3
HealthSit facilitates a lower-back stretching exercise that is adapted from dynamic weight-
shifting. 
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trunk movements on the pelvis designed to shift the body weight laterally with a 

few seconds of stretch hold on each side (Au-Yeung, 2003). During weight-shifting, 

the movements should be performed slowly and repeated about 20 to 40 times. In 

all working modes of HealthSit, we pre-set equivalent repetitions of 36 times (18 

each side) for each exercise. This physical activity was chosen because Cheng and 

colleagues (2001) found that dynamic weight-shifting is beneficial for individual’s 

balance, core muscle, and back support training. Due to such benefits, it can be 

applied to support the prevention of musculoskeletal back pains, one of the most 

critical health issues related to excessive physical inactivity during office work 

(Wynne-Jones et al., 2014). 

Interaction design of HealthSit

With the combined aim of physical activity and relaxation, we identified a typical 

scenario for HealthSit-assisted fitness micro-breaks: Listening to relaxing music while 

doing the stretching exercise. The HealthSit software was mainly implemented with 

an interaction-aided exercise mode (IEM) to facilitate lower-back stretches using 

Figure 5.4
audio-visual interaction to guide the flow of the exercise 
and provide feedback on the user’s performance.
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real-time audio-visual feedback on the user’s exercise performance and results. 

Following the design guidelines of exertion games (Mandryk et al., 2014) and lessons 

learned from studies of workplace fitness technologies (Cambo et al., 2017; Singh 

et al., 2014), we developed the IEM (Figure 5.4) of HealthSit with two main features.

Audio-visual feedback The primary strategies for ensuring the interactivity of 

HealthSit were to provide references for target postures, guidance for the exercise 

flow, and appropriate feedback on the exercise effort (Mandryk et al., 2014; Singh 

et al., 2014). Specifically, in the graphical interface of HealthSit a visual avatar serves 

as a virtual coach who mirrors the correct stretch postures. Meanwhile, the music of 

HealthSit was manipulated with pan-control (Hodgson, 2010, p.162), which shifts 

the audio output between left and right channels to give spatial cues (Burgess, 

1992) to the lateral movement. When the user swayed the body trunk towards the 

instructed side, the sound would gradually move back to the center according to the 

extent of the posture. Once the user arrived at the target position, the music would 

be panned back to the center. At the same time, the visual avatar would change to 

the color black from light grey. After a few seconds of stretching, the system would 

indicate the next position on the opposite side.
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Exercise challenges and game rewards According to Mandryk et al. (2014), 

interactive technology for non-sedentary behavior should apply persuasive 

strategies (Ren, Lu, Oinas-Kukkonen, & Brombacher, 2017) e.g., short-term challenges 

and rewards to foster the user’s long-term motivation to engage in repeated practice. 

Besides the audio-visual feedback, the interaction design also addresses the following 

features. First, the software requires the user to hold the stretching positions for 

different durations, ranging from two to four seconds. The aim here is to establish 

a flow experience during the stretching exercise by keeping the balance between 

the task challenges and skills. Second, by accomplishing challenges continuously, 

the user can receive virtual rewards which can be upgraded by awarding badges 

at various levels. Specifically, during the exercise the user could earn a ‘star’ badge 

by completing six stretching exercises, and a ‘heart’ badge by conducting lateral 

movements eight times. After the exercise, the badges that had been earned would 

be converted into ‘crown’ rewards, based on the following rationale: 1×crown = 

4×star = 2×heart = 2×star + 1×heart. Moreover, the user receives a positive message 

after each exercise to sustain adherence to the game. 

To investigate the benefits of system interactivity for the fitness break, we removed 

the two interactive features of HealthSit. Instead, the system then provided standard 

exercise guidance to lead the exercise flow. This was used as a guided exercise 

mode (GEM, Figure 5.5(a)) for the user study. Specifically, the GEM uses the audio-

visual interface to present the instructions without giving feedback on the user’s 

exercise performance. Moreover, the exercise challenge is not adapted and therefore 

no rewards are provided during the exercise. To investigate the effectiveness of 

the system in facilitating the lower-back stretch, we further removed the exercise 

guidance from HealthSit as a self-directed exercise mode (SEM), where the user 

performs the exercise at his or her own pace without either real-time feedback or 

standard guidance (Figure 5.5(b)). The differences among the three working modes 

of HealthSit are summarized in Table 5.1. 
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Figure 5.5
(a) Audio-visual guidance to lead the flow of the exercise. (b) Exercising with background 
music without exposing the user to audio-visual guidance and feedback.

Table 5.1
Interaction elements included in each exercise mode of HealthSit.



Chapter 5

104

5.4 The Study

In response to the research questions, the aim of the user study was to investigate 

1) the effectiveness of HealthSit in facilitating the lower-back stretching exercise; 

2) the role of system interactivity in enhancing the user experience with HealthSit; 

3) the effects of HealthSit-assisted fitness break on the user’s emotional status and 

cognitive performance. We used a within-subject repeated measure design, with 

participants performing the stretch exercises in the three working modes (IEM, GEM, 

and SEM) of HealthSit mentioned above, respectively. We compared three conditions 

relating to exercise quality, user experience, and psychological benefits. Our primary 

hypotheses are: 

H01: The IEM of HealthSit will be more effective in improving the stretching 

exercise than the GEM and SEM, in terms of exercise performance and 

perceived exertion.

H02: The IEM of HealthSit will enhance user experience in the stretching 

exercise more than the GEM and SEM, in terms of heightened exercise 

motivation and reduced mental workload.

H03: Short stretching exercises with the IEM of HealthSit will increase office 

workers’ emotional state (pleasure, arousal, dominance) and mental focus 

more than with the GEM and SEM.

The following section describes the experiment setup, the characteristics of the 

participants, the study procedure, and data collection and analysis.

Setup

The study was carried out in an office-like living lab (see Figure 5.6). We placed 

the sensor pad of HealthSit on the seat of an armless office chair and all the other 



HealthSit

105

electronics were located under the seat. The HealthSit hardware is easy to deploy 

on most office chairs and it remains unobtrusive in real office surroundings. The 

HealthSit software was installed on a 15-inch laptop, which was placed flat on the 

desk. When the HealthSit software runs, its graphical interface is presented on the 

laptop’s screen, and the auditory feedback is delivered via a Bluetooth wireless 

headphone. 

Participants

A total of 30 participants (14 males, 16 females) aged from 26 to 60 (M=32.1, SD=7.7) 

were recruited for the study. We recruited participants by spreading information via 

word of mouth. During recruiting, the participants for whom it might be risky to 

perform the stretching exercise were excluded (e.g., pregnant women and people 

with physical complaints). All participants were knowledge workers who perform 

sedentary work for at least 6 hours per day. The selected participants worked in 

the same building where the living lab was situated, for ease of attendance. Before 

the study, the participants did not know about either our research prototype or 

the stretching exercise. They were fully informed of the study procedure without 

Figure 5.6
(a) The setup of the laboratory; (b) The HealthSit sit-pad is mounted on the chair.
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discussing its hypotheses and were given the opportunity to withdraw at any point. 

Each participant was compensated with €15 in the form of a gift voucher after 

completion of the study.

Procedure

The study was conducted on three separate working days, so that the participants 

experienced one of the three modes each day. The exposure to three modes was 

fully counterbalanced. For each working mode, the participants performed two 

stretching exercises during their work breaks. There was a time interval between the 

two exercises of about 3 hours, during which the participants carried on with their 

daily work. In total, each participant did six stretching exercises over three working 

days. The data collected from two exercises in each mode was averaged to moderate 

the impacts of break time and work status, and this information was further used for 

comparative analyses.

Before the experiment, the participant watched a tutorial video to get familiar 

with the stretching exercise. At the beginning of each experimental session, the 

participant completed a mental arithmetic challenge for two minutes. Then, the 

participant was asked to fill out the self-assessment manikin (SAM) (Bradley & 

Lang, 1994). Next, we left the participant alone to complete the stretching exercise, 

assisted by HealthSit in the working mode of that day. During the exercise, the sit 

pad collected the participant’s performance data and this was stored locally in the 

HealthSit software. After completing the exercise, the participant filled out the SAM 

and the Borg rating of perceived exertion (Borg RPE) (Borg, 1998). At the end of each 

session, the participant completed a 2-minute mental arithmetic challenge again. 

The arithmetic challenge was used as a mental task whose score can be used as an 

indicator of participants’ cognitive performance. Similar to Gao & Mandryk (2012), 

we also used the pre-post comparison to reveal the cognitive benefits of exercising 
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with HealthSit. After the second session (in the afternoon) for each mode, the 

participant completed an Intrinsic Motivation Inventory (IMI) (McAuley, Duncan, & 

Tammen, 1989) and the NASA task load index (NASA-TLX) (Hart & Staveland, 1988). 

When the participant had completed all six experimental sessions, an exit interview 

was conducted in person.

Table 5.2
Data collected from the study.

Measurements

As shown in Table 5.2, we collected both quantitative and qualitative data for three 

main purposes. First, to evaluate participants’ exercise performance, we collected 

the motion data from the sensor pad and participants’ self-perceived exertion using 

Borg RPE (Borg, 1998). The force data from the FRSs on the left and right side were 

averaged respectively to indicate the weight distribution on each side. Then the 

difference between the weight distribution on the left and right sides was calculated 

as the motion data. Borg RPE is a reasonably good single linear scale that has been 
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widely applied in sports studies as an alternative to estimating the actual heart rate 

during the physical activity (Borg, 1998). In this study, we used the revised version 

of Borg RPE (see Appendix B-1), the scale that ranges from 0 (no exertion at all) to 

11 (maximal exertion), with 2, 3, and 5 standing for ‘light’, ‘moderate’, and ‘strong’, 

respectively (Borg, 1998).

Second, the evaluation of user experience mainly focuses on intrinsic motivation 

(Miller, Deci, & Ryan, 1988) and mental workload. The participant’s intrinsic motivation 

to carry out the stretch exercise is measured by IMI, which contains a total of 45 items 

across seven subscales, thus assessing self-desire for a specific activity (McAuley et 

al., 1989). We selected the first five subscales (see Appendix B-2) due to their high 

relevance to the fitness exercises in this study, including interest/enjoyment, perceived 

competence, pressure/tension, effort/importance and value/usefulness. We used NASA-

TLX (Hart & Staveland, 1988) to assess the cognitive workload of the short stretching 

exercise. As we mainly focused on examining how mentally demanding the stretch 

exercise was, three subscales of NASA-TLX (see Appendix B-3) were used in this study 

— mental demands, performance and frustration – to indicate how burdensome the 

participants felt the exercise was, which might negatively influence engagement in 

the exercise. For all subscales, a lower rating represents a lower workload, although 

in the case of performance it represents being more satisfied with the performed 

task.

Third, we examined the immediate impacts of the short stretching exercises on 

emotional states by means of a pre- and post-intervention survey using SAM (see 

Appendix B-4). SAM (Bradley & Lang, 1994) is an emotion assessment tool that has 

9-point graphic scales, depicting cartoon characters expressing three emotions: 

pleasure (from 1-negative to 9-positive), arousal (from 1-low to 9-high levels) and 

dominance (from 1-low to 9-high levels). We also assessed the impacts of the 

exercises on participants’ mental focus as indicated by changes in the scores in a 
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2-minute mental arithmetic test before and after each exercise. In the study, all 

arithmetic tests were at equivalent levels of difficulty, consisted of multiplication and 

division involving 2- and 3-digit numbers, and decimals.

To conclude the experiment, a semi-structured interview was conducted for 

approximately 30 minutes per participant to collect qualitative data regarding their 

experience and opinions on the different modes of HealthSit. During the interview, 

we asked participants a series of three questions: “Which working mode of HealthSit 
would you mostly consider using for a work break?” “Please describe the reason you 
like or dislike each exercise mode and share your ideas for improvement.” and “Do you 
have any suggestions concerning the use of the HealthSit system to aid fitness breaks 
in your everyday work?” There was enough space for participants to freely provide 

feedback on their experience. All interviews were audio recorded and transcribed 

later for analysis, to support the interpretation of the quantitative data.

Data analysis

Quantitative data

The collected force data was analyzed in Matlab software. Firstly, the raw data was 

smoothed using a median filter to remove noise. Next, two indices of stretching 

exercise quality (Au-Yeung, 2003): Time of stretch hold and Amplitude of stretch 

motion were calculated. The length of each dataset was screened further for valid 

lateral postures and calculated to arrive at the time of stretch hold (in seconds) by 

dividing the sampling frequency. The median of each dataset was identified as the 

amplitude of stretch motion.

The processed motion data, questionnaire responses, and arithmetic test results 

were analyzed using SPSS software. We initiated the quantitative analysis with 

the descriptive statistics, in which we checked the distribution of all data using a 
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Shapiro-Wilk test. For data with normality across all conditions, we firstly conducted 

repeated measures ANOVA with exercise mode as a factor (IEM, GEM, SEM). When 

the sphericity could not be assumed, degrees of freedom were adjusted. Post-hoc 

analyses were conducted using Bonferroni correction for pair-wise comparisons. 

For data that were not normally distributed, we first conducted a non-parametric 

Friedman test to measure the differences among conditions. Where Friedman was 

significant, we conducted non-parametric paired Wilcoxon tests to identify which 

condition differed significantly.

Qualitative Data

All interview transcripts were imported into NVivo software for thematic analysis 

(Braun & Clarke, 2006). The qualitative analysis began with the segmentation of 

the interview transcripts into quote statements and these were labelled. We then 

measured the labelled statements using inductive coding (Thomas, 2006) to identify 

recurring clusters suggesting emergent themes. Additionally, the frequency of 

statements attributed to themes was counted to indicate the importance and 

relevance to our quantitative data. 

5.5 Results

System interactivity improved the effectiveness of the exercise 

Motion data 

Time of stretch hold Figure 5.7(a) shows the results of stretch hold time for each 

of the three modes. A Friedman test revealed that the interactivity of the HealthSit 

system had a significant effect on the duration of stretch holds during the exercises, 

X2(2) = 41.600, p < 0.001. Pairwise non-parametric comparisons showed that the 
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duration of stretching in the IEM (M=125.33, SE=2.14) was significantly longer than 

that under the GEM (M=71.75, SE=3.85), Z = 4.782, p < 0.001, and the SEM (M=56.54, 

SE=6.40), Z = 4.721, p < 0.001. No statistical difference was found between the GEM 

and SEM, Z = 1.944, p = 0.052. 

Amplitude of stretch motion Figure 5.7(b) shows the difference in stretch 

amplitude during the stretching exercises under three conditions. A Friedman test 

demonstrated that the differences were statistically significant, X2(2) = 8.867, p < 0.05. 

The post-hoc Wilcoxon tests showed that the stretch amplitude with the IEM was 

significantly higher (M=788.93, SE=92.08) than with the SEM (M=587.31, SE=102.42), 

Z = 3.198, p < 0.01. The stretch amplitude in the IEM was also larger than in the GEM 

(M=696.47, SE=102.13), but the difference was not significant, Z = 1.594, p = 0.111. 

No significant difference was shown between the GEM and SEM, Z = 1.121, p = 0.262.

Motion patterns in stretching exercises Figure 5.8 shows examples of participants’ 

motion data in a stretching exercise with HealthSit in each of the three modes. In 

the SEM (see Figure 5.8(c)), the amplitude of the stretch exercise seemed small and 

irregular (e.g., P29) and the time of the stretch seemed short (e.g., P19). In the GEM 

(see Figure 5.8(b)), the amplitude of stretch was improved, and the stretch motion 

became more regular with extended hold time. In the IEM (see Figure 5.8(a)), the 

Figure 5.7
Mean and SE of motion data.
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stretch amplitude and the stretch hold time were both improved to a higher level. 

It is also interesting to observe the difference in stretch performance between the 

GEM and IEM, which reveals that the IEM requires only a short time for participants to 

become familiar with the feedback and perform well (e.g., P8, P19, P29). 

Borg RPE 

Figure 5.9 shows the results of the Borg RPE survey. In general, three conditions 

produced perceived exertion value at light-to-moderate intensity, which improves 

aerobic capacity. A Friedman test revealed that there were significant differences 

among the conditions in terms of perceived exertion, X2(2) = 9.415, p <0.01. A 

Wilcoxon non-parametric tests showed that the intensity of the exercise was 

perceived to be significantly stronger in the IEM (M=3.17, SE=0.31) than in the GEM 

(M=2.39, SE=0.22), Z = 3.406, p = 0.01, and in the SEM (M=2.70, SE=0.27), Z = 1.962, p 

= 0.05. For perceived exertion, there was no significant difference between the GEM 

and the SEM, Z = 1.545, p = 0.122. 

Summary

First, a comparison between the motion data in the IEM and the SEM confirmed our 

first hypothesis that the HealthSit system can effectively improve the quality of the 

stretching exercise, which was reflected by the extended time of stretch hold and 

the increased amplitude of postural sway. Second, the comparison between the 

IEM and the GEM also revealed the impact of system interactivity on promoting the 

stretching exercise, especially for the duration of stretch hold, which also increased 

the perceived exertion without leading to excessive levels of physical activity. To 

summarize, the results suggest that the interactive HealthSit system could facilitate 

the stretching exercise both in terms of physical performance and the perceived 

intensity of the exercise. 
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Figure 5.9
Mean and SE of motion data.

Figure 5.8
Mean and SE of motion data.
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System interactivity improved the intrinsic motivation to carry out the 
exercise 

Intrinsic motivation 

Figure 5.10 shows the results of the Intrinsic Motivation Inventory (IMI). Overall, we 

found that participants were positively motivated to perform the stretching exercise 

during work breaks, with reasonably high scores on the subscales of interest/

enjoyment, perceived competence and value/usefulness. Additionally, ratings for all 

conditions were moderate for effort/importance and low for pressure/tension, which 

indicated that the exercise was not very demanding for our participants. A repeated 

measures ANOVA showed that there were significant differences on the enjoyment, 

perceived competence, and effort subscales among the three modes of HealthSit. 

Figure 5.10
Mean and SE of motion data.
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Interest/enjoyment. As shown in Figure 5.10(a), there were significant differences 

when it came to enjoying the fitness among the modes, F(2) = 10.401, p < 0.001. 

Enjoyment was rated significantly higher for the IEM (M=5.50, SE=0.18) than for the 

GEM (M=4.77, SE=0.23), with p < 0.001, or the SEM (M=4.82, SE=0.22), with p = 0.001. 

No statistical difference was found between the GEM and the SEM (p = 1.000). 

Perceived competence Figure 5.10(b) shows significant differences between the 

perceived competence of the physical activity under the different modes, F(2) = 

5.797, p < 0.01. The participants felt significantly more competent with HealthSit in 

IEM (M=5.21, SE=0.15) than in SEM (M=4.69, SE=0.20), with p < 0.05. The perceived 

competence in IEM was also stronger than in GEM (M=4.95, SE=0.16), but the 

difference was not significant (p = 0.090). No statistical difference was found between 

the GEM and the SEM (p = 0.290).

Effort/importance In the effort/importance subscale (see Figure 5.10(c)), the 

participant’s ratings were also significantly different for three modes, F(2) = 7.379, 

p < 0.01. The fitness activity was considered significantly more important in the 

IEM (M=4.31, SE=0.18) than in the GEM (M=3.85, SE=0.13), with p < 0.05, or the SEM 

(M=3.71, SE=0.16), with p < 0.01. No statistical difference was found between the 

GEM and the SEM (p = 0.787).

Value/usefulness and pressure/tension On both of these two subscales, the 

IEM was rated higher than the other modes. However, regarding the perceived 

usefulness of the stretch exercise (see Figure 5.10(d)), there were no statistical 

differences among the IEM (M=5.39, SE=0.19), the GEM (M=5.11, SE=0.19), and the 

SEM (M=5.11, SE=0.22), F(2) = 2.171, p = 0.123. Regarding the perceived tension of 

the exercise (see Figure 8(e)), there were also no significant differences among the 

IEM (M=2.60, SE=0.21), the GEM (M=2.33, SE=0.18), and the SEM (M=2.31, SE=0.17), 

F(2) = 1.089, p = 0.343. 
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Workload

The workload was measured by NASA-TLX with three subscales: cognitive demand, 

performance and frustration. As shown in Figure 5.11(a), the perceived task load 

scored low overall on average, which resulted from relatively low levels of mental 

workload and frustration, and high satisfaction with exercise performance in all 

conditions. While participants scored the workload with IEM (M=5.89, SE=0.56) lower 

than with SEM (M=6.08, SE=0.48) and higher than with the GEM (M=5.41, SE=0.50), 

such differences were not significant according to a repeated measures ANOVA, F(2) 

= 0.550, p = 0.580.

Regarding the mental load (see Figure 5.11(b)), the stretching exercise with HealthSit 

in the IEM (M=6.93, SE=0.86) was reported to require higher cognitive demand 

than the exercises in the GEM (M=4.47, SE=0.61) and the SEM (M=5.53, SE=0.77), 

A Friedman test indicated that there were no significant differences between the 

three modes. X2(2) = 2.418, p = 0.298. Regarding the self-evaluated performance 

(see Figure 5.11(c)), participants perceived their stretching exercise to be more 

successful in the IEM (M=6.23, SE=0.51) than in the GEM (M=7.87, SE=0.89) and the 

SEM (M=8.13, SE=0.86). According to the Friedman test, the differences were not 

Figure 5.11
Mean and SE of NASA-TLX.
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significant, X2(2) = 2.155, p = 0.340. Regarding frustration (see Figure 5.11(d)), we 

observed no statistical differences for the IEM (M=4.50, SE=0.61), the GEM (M=3.90, 

SE=0.53), and the SEM (M=4.57, SE=0.68) in terms of participants’ frustration with the 

exercise, X2(2) = 1.580, p = 0.452.

Summary

The results of IMI suggest that the interactivity of the HealthSit system enhances 

users’ intrinsic motivation to carry out the lower-back stretching exercise in 

terms of enjoyment, competence and effort. These elements can be important 

in encouraging adherence to fitness breaks in the workplace (Richard, Christina, 

Deborah, Rubio, & Kennon, 1997). On the other hand, stretching exercises with 

HealthSit scored relatively low in the workload survey. The real-time feedback from 

the HealthSit system in the IEM seemed to require more mental workload and effort 

from participants, but at the same time, they became more satisfied with it and rated 

their performance more positively. These results suggest that the interactivity of a 

fitness promotion system may play a positive role in enhancing users’ experience 

with physical exercises in the workplace, which might be used to sustain their 

engagement with and adherence to the activity in the long term.

System interactivity enhanced the arousal state during the exercise

Affective state

As can be seen from Table 5.3 (a) – (c), participants’ pleasure, arousal and dominance 

increased significantly after the stretching exercise under all three conditions, 

despite the greater arousal for the IEM. Friedman tests showed that there were no 

significant differences in the improvements related to pleasure and dominance. 

The improvement of arousal was significantly different among the three conditions. 

Pairwise comparison tests demonstrated that the improvement in participants’ 
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arousal state in the IEM was significantly higher than in the GEM (Z = 2.748, p < 0.01) 

and the SEM (Z = 2.004, p < 0.05). No significant difference between the GEM and the 

SEM was shown, Z = 1.737, p = 0.082. 

Arithmetic tests 

As shown in Table 5.3 (d), the scores on the arithmetic test improved after the 

stretching exercises in all three modes. However, the improvement was only 

significant in the SEM (Z = 2.246, p < 0.05). A Friedman test showed that there was 

no significant difference between the improvements in arithmetic scores under the 

three conditions (X2(2) = 3.35, p = 0.187).

Table 5.3
Mean and SE for pleasure, arousal, dominance and mental arithmetic challenge. Results of 
Wilcoxon tests between pre- and post-conditions. Friedman tests among the IEM, the GEM, 
and the SEM. ‘Improvement’ represents Mean and SE for the differences of SAM and arithmetic 
score between the pre- and post-conditions.
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Summary 

The results suggest that a stretching exercise during a short work break can enhance 

participants’ state of pleasure, arousal and dominance. The human arousal level can 

play an important role in work performance (Thompson, Schellenberg, & Husain, 

2001). A moderate arousal state leads to optimal performance. Based on our results, 

the stretch exercises in the IEM were more effective in mediating the participants’ 

arousal level than the GEM, which reveals a psychological benefit as a result of 

the interactivity of fitness promotion in the IEM. On the other hand, performance 

in arithmetic tests improved after all stretching exercises. There was no significant 

difference under the three conditions. However, the performance improvement was 

only significant in the SEM, where the participants performed stretch exercises in a 

self-directed way without any guidance, feedback, challenges or rewards from the 

HealthSit system. We see that there is consistency between the results of the survey 

on the user experience (IMI) and the affective state (SAM). The IEM increased feelings 

of arousal, effort tension, and competence, which may promote stretching exercises, 

but might not lead to mental relaxation. The SEM needed less effort and arousal, 

which might lead to better mental relaxation and a more significant improvement 

when performing the mentally challenging task.

Interview results

The IEM

According to the follow-up interviews, 24 of the 30 participants preferred the IEM of 

HealthSit for lower-back stretching during work breaks. The reasons for their choice 

can be summarized follows. First, the responses indicated that more participants 

expressed a positive attitude towards the health outcome improved by the HealthSit 

in IEM. They stated that they could see the potential benefits of HealthSit for physical 

(17/30) and psychological health (13/30) during long-term use. For instance, some 
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participants mentioned that “it relaxed your mind from work” (P9), “it energized me 
go back to work” (P24), “it helped me to learn the right way to do the exercise, which 
was good for back supporting muscles” (P26) and “the interaction makes me more aware 
of my body postures” (P12). Second, the responses indicated that the interactivity of 

the system helped to improve the exercise quality and the engagement with the 

exercise. For instance, one participant (P10) explained: “If I were to do it myself 
without feedback, perhaps I might do it wrong…I do feel more freedom and less 
pressure in self-directed exercises, but the feedback in the interaction-aided exercise 
mode helps train your posture.” Another participant (P27) stated: “…. when the 
system told me that I am gonna get some rewards, I felt encouraged to do the exercise 
again and keep doing it as good as with the previous ones.” Third, the interactivity 

of HealthSit was seen as an emotion enhancer by the majority of participants. 

25/30 participants described the interaction with HealthSit as ‘enjoyable’ and 24/30 

described it as ‘exciting’. Additionally, 21/30 mentioned, compared to the GEM, that 

the IEM increased the effort and the challenge of the exercise. For instance, some 

participants stated that: “I appreciate it recognizes my movements, which makes my 
experience alive” (P30), “I felt rewarding by achieving challenges continuously.” (P17) 

and “It requires you to invest a big effort to get your awareness from work to the 
exercise.” (P2). In contrast, four stated that the challenges were too overwhelming for 

an exercise in fitness breaks. For example, one participant stated that “There was a lot 
more happening in this task, it was more like a game. But it was a lot. I would prefer 
my mind to be free during physical exercise.” (P16).

The GEM and SEM

Only four participants selected the GEM, and two participants selected the SEM as 

their preferred mode. For those who preferred GEM, they stated that the exercise 

with the fixed instructions was easier to understand and follow and the repeated 

movement required fewer efforts, which helped them to relax from the busy work. 
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For instance, one participant (P19) mentioned “…it was more like a meditation 
exercise. So, the guided one was the easiest for me to follow without thinking too 
much and it was relaxing with music in the background.” In the SEM, the system 

did not provide any feedback or instructions. Two participants preferred it because 

“I did stretching loosely” (P6), and “with more freedom” (P14). On the other hand, 

ten participants stated that they felt somewhat frustrated when exercising without 

the feedback about their performance. Eight participants reported some negative 

feelings of discomfort and awkward situation with SEM. Moreover, five participants 

also reported that it was easier to be distracted during exercises in the GEM and SEM 

modes.

5.6 Limitations and Future Work

The findings from our study may need to be cautiously interpreted due to the 

following limitations. One is that a lab-based experiment may not be adequate to 

reveal the impacts of the HealthSit system for fitness promotion in real office settings. 

The user study mainly focused on the effectiveness of HealthSit in supporting the 

lower-back stretching exercise and the role of system interactivity in enhancing 

the user experience and improving psychological effects, while the desirability of 

the system for everyday use was not evaluated. In the future, it will be necessary to 

conduct a field study in a real workplace to investigate how office workers interact 

with the HealthSit system in their daily routine. Another potential limitation might 

be the Hawthorne effect, which indicates that participants may enhance their 

performance due to the attention they are given during the study (Mayo, 2004). 

Although we have used qualitative results gathered from follow-up interviews to 

support our interpretation of the quantitative data (Macefield, 2007), the results 

from this lab-based experiment might still be influenced by the Hawthorne effect. 

For our future work, we will conduct a long-term in-situ study where the system will 
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be used as an everyday gadget in the workplace instead of as a research tool for 

experiment.

5.7 Discussion and Design Implications

This chapter presents the design and evaluation of HealthSit, a workplace fitness 

technology which supports a lower-back stretching exercise during work breaks. A 

user study was conducted to evaluate the effectiveness of HealthSit in supporting 

the lower-back stretching exercise and to investigate the role of system interactivity 

in enhancing the user experience and providing psychological benefits. To achieve 

this, three working modes of HealthSit, IEM, GEM and SEM, were developed and used 

in a within-subject experiment with 30 participants. The interactivity of the HealthSit 

system in the IEM is provided in three ways. First, HealthSit provides users with real-

time feedback on their stretching performance through on-screen animation and 

musical output. Second, HealthSit randomizes the required duration of each stretch 

motion to increase the flexibility and challenge of the exercise. Third, HealthSit offers 

users a virtual reward (in the form of badges at various levels) to enhance motivation 

for doing the exercise. The latter two can be regarded as lightweight game mechanics 

in our interaction design for HealthSit.

Our results confirmed the effectiveness of HealthSit in supporting the lower-back 

stretching exercise as a new workplace technology, and also the decisive role 

of interactivity in enhancing exercise quality, motivation, and emotional state 

during the fitness break. First, our results showed that in the IEM, HealthSit could 

effectively facilitate the low-back stretching exercises, in particular leading to 

improved amplitude of stretch motion and time of stretch hold during the exercise. 

These results are likely to be related to the in-exercise interaction with real-time 

performance feedback, which focuses the user on the goal of the activity (Thin & 

Poole, 2010). Second, participants reported that exercising with HealthSit in its IEM 
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significantly enhanced their user experience due to increased enjoyment, perceived 

competence, and the importance of making an effort. The improvements in user 

experience and motivation could be attributed to the game mechanics of ‘challenge’ 

and ‘reward’ in the interaction design. Various exergame studies have also proved 

the effectiveness of game elements and mechanics in improving the user experience 

and adherence to physical activities (King, Greaves, Exeter, & Darzi, 2013). This result 

was also partly supported by the user responses during the interview, in which 24/30 

participants stated that the IEM was their favorite mode and also the most health-

beneficial mode for carrying out stretching exercises during work breaks. Also, they 

described their experience in the IEM as ‘enjoyable’, ‘exciting’ and ‘challenging’. Third, 

the stretching exercise with the IEM may enhance participants’ emotional state 

during a fitness break. This finding is consistent with prior work, which revealed the 

emotional benefits of interactivity in a walking exercise (Tajadura-Jiménez et al., 

2015). Together with the quantitative results discussed above, the qualitative results 

from the interview helped to yield more insights about the design of an interactive 

system for promoting fitness breaks in the workplace. We summarize them in a set 

of design implications as follows. 

Simple and clear interaction without overburdening during a work 
break 

In daily routines, a work break usually takes just a few minutes. The fitness micro-

breaks are designed to help office workers to unwind mentally and relax physically, 

thus reducing muscle fatigue from inactive sitting (Healy et al., 2008). Therefore, 

the user interaction element of a fitness promotion system should not be difficult 

but rather designed for simplicity, requiring low levels of effort and a short time 

to learn. As shown in Figure 5.1, the HealthSit system is a close-looped interactive 

system, whose feedback is implemented in both visual and audio modalities with 

an intuitively understandable form. Regarding the visual feedback, we used a visual 
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character to provide explicit guidance for posture and exercise flow. The audio 

feedback was implemented by modulating the sound shift between the left and 

right channels to provide a cue to indicate the need for a weight shift between 

lateral postures. From the interview responses, it appeared that this direct mapping 

of the user’s postures to the visual animations and sound shifts between the left and 

right channels were easy for the participants to learn and follow.

Besides the audio-visual cues, such simple interaction may also be provided by haptic 

feedback to support commitment to the exercise. As suggested by Stach & Graham 

(2011), the haptic feedback should be clearly mapped to the exercise performance 

to reduce the mental effort needed to understand the interaction. However, this 

suggestion is only used in the scenario of exergames but not facilitating the light-

intensity desk exercise. In our study, for example, some participants have suggested 

supporting the exercise flow of such light-intensity desk exercise via haptic feedback 

from the sit pad directly, using the location and intensity of vibration to guide and 

inform users.

Gamification with rewards and challenges for motivation and 
engagement

Various studies have examined the impacts of a game challenge mechanism on 

sustaining exercise motivation. For example, Yim & Graham (2007) have suggested 

using achievable challenges in fitness technology continuously to foster the exercise 

habit. The interaction design of HealthSit also features an immediate virtual reward, 

and we embedded a simple challenge mechanism with a flexible stretch hold 

time and a reward mechanism by upgrading the level of a virtual badge based on 

performance. Our results suggested that game mechanics can have the positive 

effects in enhancing the user experience, especially the motivation and engagement 

related to the exercise.
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On the other hand, we found that a short break with stretching exercise does not 

lead to improved cognitive task performance among office workers. The qualitative 

results revealed that this might due to a lack of transition time from the exercise 

to the cognitive task. Cambo et al. (2017) suggested that the balance between the 

desirability of the exercise during the break and the need to transition back to work 

should be deliberately considered for the fitness break game. To help users shift their 

attention back to work, we suggest that a ‘cooling down’ session could be added 

after the exercise game.

Integrating fitness promotion into the work environment and work 
routine

HealthSit is implemented as an unobtrusive sensing technology for sitting postures 

and dynamics. The sensor pad used in the HealthSit system is relatively lightweight 

and affordable compared to other motion-tracking techniques. It can be fitted to 

office chairs in most workplaces and it communicates with a PC or smartphone 

wirelessly through a Bluetooth connection. The responses from the interview also 

revealed that the participants appreciated embedding a fitness-promoting system in 

office supplies or in the office environment. For instance, one participant (P8) stated: 

“I like HealthSit because it looks good, comfy and it’s integrated into the environment 
in such a way that I can use it without maybe even noticing it.” As mentioned, active 

workstations often occupy a large space or require a special construction of the 

workplace. We see the potential of lightweight interactive systems such as HealthSit 

to promote fitness practices in the workplace. Fitness-oriented interactivity could be 

embodied in various forms and embedded into a wide range of everyday objects to 

better fit the work environment. For instance, the data processing can be completed 

on a smartwatch (Kim et al., 2017) and feedback can be presented on a desktop 

display (Reilly et al., 2013). 
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Additionally, we think that fitness breaks should be ‘woven’ into a daily working 

routine. HealthSit enables a seated lower-back stretching exercise without taking 

users out of their environment or task. The short period of the break session allows 

office workers to divide exercise time into fragments and then blend them into 

workplace activities throughout the day. For instance, our participants suggested 

incorporating the HealthSit-assisted stretching exercises with other break activities 

such as fidgeting. Several HCI studies have explored interactive widgets that combine 

fidgeting with boosting creativity (Karlesky & Isbister, 2014) and respiration training 

(Liang, Yu, Xue, Hu, & Feijs, 2018). Similarly, we see an opportunity here to leverage 

interactive health-promoting systems such as HealthSit to develop new fidgeting 

patterns for workplace fitness initiatives. 
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6.1 Introduction

Chapter 4 and 5 investigated interactive technologies in facilitating physically active 

behaviors during booster breaks and micro-breaks respectively. We evaluated our 

designs of ShuttleKicker and HealthSit regarding their user experience and the 

resulted benefits for fitness breaks. These studies have shown that the interactive 

fitness-promoting systems can facilitate the moderate-intensity physical exercise 

during booster breaks as a group-based intervention, and the low-effort fitness 

training during micro-breaks as a self-regulated intervention. Besides promoting 

exercises during fitness breaks, interactive technologies may also play a crucial role 

in supporting adherence to fitness promotion in the office work routine. In Chapter 

2, our literature survey demonstrated that the fitness-promoting technology, such 

as health informatics systems, could improve the user’s self-awareness of being 

physically active by tracking and providing feedback related to their activeness and 

daily deficit. Moreover, fitness informatics could leverage motivational strategies to 

encourage spontaneous actions that enhance active lifestyles at both the individual 

and the social level. 

In office settings, health informatics, such as activity trackers, has been increasingly 

introduced into the work environment and in some cases they are seen as office 

necessities. It is reported that more than 10,000 companies in the US provided 

activity trackers to their employees in 2014 (Solon, 2015). Moreover, it is expected that 

more than 13 millions of these devices will be incorporated into workplace fitness 

promotion programs by the end of 2018 (Martin, 2014). However, it is challenging 

to get people to adhere to improving fitness levels at work. Chung and colleagues 

(2017) observed that it was difficult to employ activity tracking and fitness behaviors 

in a busy work schedule. Several studies also suggested that technology-assisted 

workplace health promotion in their current forms may overburden the daily 

routine and thus create work stress for office workers (Chung et al., 2017; Gorm & 
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Shklovski, 2016b). In this chapter, we investigate supporting individuals’ adherence 

to workplace fitness promotion, mainly focusing on two research aspects.

First, we explore how system interactions of fitness-promoting technology can be 

embedded into office work to improve self-awareness for taking fitness breaks. To 

investigate this, we organized and supervised a research project involving some 

industrial design students. In this project, based on the hardware of HealthSit, 

students designed and evaluated several reminder systems for prompting fitness 

micro-breaks in office work. We selected and analyzed three student design cases 

from our project, who aimed at creating a system that could effectively initiate a 

fitness break and be perceived calmly at work. Based on the design rationale and 

the study results of these three design cases, we summarize design implications 

to help interactive technology to achieve its very potential for workplace fitness 

interventions in the work routine.

Second, besides increasing self-awareness about being active in office work, we are 

also interested in the social aspects of fitness-promoting technologies in supporting 

adherence to improved office vitality. In office settings, the collective nature may 

provide benefits to workplace fitness promotion. For instance, the work-related 

social bonding between colleagues may be leveraged as a motivational factor in 

further facilitating the social support to encourage physical activity. In the second 

project, we explored whether and how a cooperative bonding between a dyad 

of co-workers can be employed in the activity-tracking device to enhance their 

fitness levels in workdays. To this end, we conducted an exploratory field study for 

three weeks, where the interpersonal proximity at work was also investigated as an 

influential factor in the adoption of the cooperative activity tracking.
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6.2 Project I: Explore Interactive Technology to Prompt 
Fitness Breaks at Work

In Chapter 5, we found that the HealthSit system should be integrated into the 

work routine and office environment to improve their usability in facilitating fitness 

interventions of WoW. For instance, HealthSit could be implemented with a fitness 

reminder, which would unobtrusively inform office workers about their sedentary 

behaviors during work, and effectively prompt a fitness break in the work routine. 

There have been extensive studies and applications that aim at providing personal 

health information in the workflow using, e.g., a system-generated notification on 

the screen (Monsey et al., 2003), tactile feedback from the office furniture (Zheng 

& Morrell, 2010), or an instant message from the social contact (Shin et al., 2016). 

For office scenarios, it is essential to find a balance between increasing health 

awareness and maintaining work productivity. One work-friendly solution is to 

provide awareness support and stimulate health behaviors without requiring the 

user’s full attention in the working context (Weiser & Brown, 1997). Earlier research 

also established the feasibility of ubiquitous HCI in intervening self-awareness and 

facilitating self-regulation for health improvements (Consolvo, Klasnja, et al., 2008).

In this project, we supervised several students of their design studies that investigated 

fitness-break reminders based on the HealthSit system, in the research context of 

WoW. In this section, we present three student design cases that designed the break 

reminder as a peripheral display of fitness-promoting technology for supporting 

office vitality. These are case one called FLOW, designed by Vincent Visser during 

his Bachelor graduation project; case two called ENNA, designed by Joep van de 

Ven and Pleun Heeres during their Bachelor design research project; and case three 

called NOTI-ME, designed by Liqun Zhou during his Master design research project. 

All the three cases were developed based on our research supervision and technical 

support. We present their design rationales and user study results. We use these 
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design cases and related literature to summarize a set of design implication for the 

future development of peripheral displays of workplace fitness-promoting systems.

Case one: FLOW 

Design rationale

FLOW is a fitness break reminder based on interactive music, which connects to the 

HealthSit sit pad. FLOW was designed because music may provide some benefits to 

office work. According to Lesiuk (2005), listening to the music during work could 

increase the productivity. In Vincent’s design, the following interaction mechanism 

of a music reminder was identified (see Figure 6.1): If the user sits stationary for 15 

minutes, the volume of the music will decrease gradually. Then the user needs to shift 

the sitting postures actively for 2 minutes to keep up the volume of the music. When 

Figure 6.1
The working mechanism of the interactive musical reminder of FLOW.
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the goal has been achieved, the volume goes back to the normal range. In his case, the 

instrumental music was chosen, due to its positive impacts in improving exercise 

adherence (Schutzer & Graves, 2004). 

We created a scenario to demonstrate the use of the FLOW musical reminder works 

in the real working context: 

Jeff is a junior computer programmer, who has four tasks to accomplish this week. 

Therefore, he spent eight hours per day sitting at the desk to write codes for two 

ongoing projects, look up the algorithms for a new project, and write a report for a 

past project. He starts to feel pain in his back and neck recently and wants to reduce 

the prolonged sitting. Yet, he always forgets how long he has been sitting when 

focusing on the task at hand. Plus, he does not want to use any system that takes him 

away from work. He looks up the products that match his needs and then finds the 

FLOW platform. He appreciates the idea of using music to remind unhealthy sitting 

behaviors, as he always listens to the music while working. So, he thinks the musical 

reminder will fit his work routine in a non-obtrusive way. After getting the sit pad 

settled on his chair and its software on his computer, he wears a headset, switches on 

his favorite music album, and carries on working. After 15 minutes, he finds the music 

becomes lower. Then he sways his posture laterally within his preferred movement 

range and keeps his main focus on the current task. After two minutes, the volume 

of the music backs to the static range. Jeff then stops shifting postures and continues 

working without any pause. At the end of the week, Jeff finishes all the four tasks in 

time and still feels energetic for the weekend. Jeff thinks that FLOW can help him to 

maintain activeness during work without overburdening work-related activities. He 

feels refreshed after the sitting exercise, rewarded when the music comes back, and 

more focused on the work.

The user study

FLOW was evaluated with 24 participants (age: M=21.5, SD=1.67). They were 

university students or junior office workers at the time of the user study. Each 
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participant experienced FLOW for one hour, where he or she was allowed to do 

any activity as long as remaining seated on the sit pad of HealthSit. They were not 

instructed to achieve any particular goal during the study. The volume interruption 

of the music was pre-set at a 15-min interval with a 2-min slot for interaction. At 

the conclusion of each test, the participant was asked with a few open questions 

regarding their experience with the musical reminder. Here, the interview focused 

on discussing the benefits of FLOW and design challenges for the further design 

explorations. For data analysis, all interview notes were clustered based on logical 

closeness, following the inductive approach (Thomas, 2006). 

From interview responses, the majority of the participants indicated that FLOW 

increased their awareness about sedentary time and physical activity at work. The 

musical reminder was considered to be a proper motivator for avoiding prolonged 

static sitting. Additionally, participants suggested several directions for improving the 

current design. First, some participants mentioned that the volume of the interactive 

music changed so fast that they could not focus on the primary task entirely while 

sitting actively and sometimes they became somewhat irritating in the end. This 

suggests a lower speed for the volume alternation may need to be applied in FLOW. 

Some participants also stated that the interactivity of the volume should be more 

apparent to support the self-awareness better. All these comments suggest that the 

interactivity of the musical reminder should be adaptive and adjustable according 

to the dynamic of the working context and personal preference. Second, although 

participants found the alternation of the volume was exciting and motivational 

for them, they also thought of alternative acoustic parameters for the interactive 

music. For example, one participant suggested: “it is also possible to suggest a fitness 
break by slowing down the rhythm of the music.” One further development could 

be providing options for the user to choose preferred acoustic parameters as the 

fitness break reminder. Third, some participants mentioned that different tasks could 

demand different levels of mental focus at work. Hence, not all types of music could 
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be perceived calmly in this context. Although the instrumental music is beneficial to 

physical activity, it was too energetic to simulating a low-effort desk exercise. Most 

participants suggested applying the ambient music into the next version of FLOW. 

Case two: ENNA

Design rationale

ENNA is a set of tangible containers designed as the desktop widgets to explore 

peripheral visualizations that support avoiding unhealthy sitting during work. As 

shown in Figure 6.2, three prototypes were developed for providing information 

Figure 6.2
An overview of three prototypes in the ENNA case.

a

b

c
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about the sedentary time using the container filled with different materials (light 

(Figure 6.2(a)), cloth (Figure 6.2(b)), liquid (Figure 6.2(c))). Figure 6.2(a) shows that 

prototype A notifies the user about their sedentary condition by changing the 

brightness of the light as follows. The light will be brightened gradually along with 

the continuous sitting time of the user. Once the user leaves the seat for 5-min or 

performs ‘active sitting’(by changing postures), the light would be reset to the initial 

status. In Figure 6.2(b), prototype B is demonstrated with a piece of red cloth in 

the container. The red cloth covers a servo motor, which would be actuated once 

the user sits for more than 30-min. Accordingly, the motor can drive the red cloth 

moving with the semantics of ‘dancing’ to stimulate the user to leave the seat and 

move. If the user keeps seated, the ‘dancing’ movement will become more and more 

intense.  Figure 6.2(c) shows that the container of prototype C is filled with liquid in 

green color, which can adjust its height in response to fitness activities and sedentary 

behaviors at work. Specifically, each fitness break (e.g., perform active sitting, leave 

the seat for 5-min) can lift the liquid level, while continuous static sitting for every 

30-min can lead to a decrease in the liquid level.

The user study

The three prototypes of ENNA were tested with seven participants. As can be seen 

from Figure 6.3, the study was carried out in an office-like living lab. At the beginning 

of each experiment, the participant sat on the office chair, which was equipped 

with the HealthSit sit pad. A laptop was placed flat on the desk with the prototypes 

settled next to the computer. For the user study, the participant was asked to 

watch a video from the laptop. Meanwhile, the three prototypes were presented 

successively. During the test, the prototypes provided feedback with a Wizard of Oz 

(Woz) approach (Dahlbäck, Jönsson, & Ahrenberg, 1993), where one experimenter 

observed the participant’s sedentary behaviors passively and manipulated the 

changes to the presentation of the prototype. At the conclusion of the study, 



Adherence Support

139

Figure 6.3
The study setup of ENNA.

the participant completed the UEQ (Laugwitz et al., 2008) to evaluate their user 

experience with ENNA. A follow-up interview was also conducted to get qualitative 

feedback about the concept and prototype design of ENNA. 

The data on UEQ were analyzed by comparing participants’ feedback to the UEQ 

Benchmark Data (BD) using the UEQ Data Analysis Tool (Laugwitz et al., 2008). The 

Benchmark Data is developed to help interpret the UEQ results with only a single 

measurement, and was constructed based on the data of 256 product evaluations 

with the UEQ (Schrepp, Hinderks, & Thomaschewski, 2017). The comparison shows 

that the novelty (M = 1.07 vs. BD = 0.71), perspicuity (M = 1.43 vs. BD = 1.08), efficiency 

(M = 1.11 vs. BD = 0.98), and stimulation (M = 1.43 vs. BD = 0.99) of ENNA were rated 

better than the Benchmark Data. Nonetheless, ENNA was considered not as attractive 

(M = 1.07 vs. BD = 1.17) and dependable (M = 0.71 vs. BD  = 1.14) as the Benchmark.       
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The interview responses revealed some reasons behind the UEQ results. On the one 

hand, participants highlighted several benefits of ENNA, such as “they were seductive 
to prompt a break, not coercive at all”, “the tangible forms were designed in simplicity 
and clarity”, “they are non-obtrusive in the office environment”, “such short notices are 

good for productivity”. These comments explained why the ENNA prototypes were 

experienced novel, perspicuous, effective, and motivational during the experiment. 

On the other hand, some participants also provided additional comments, which 

pointed to some design challenges that should be addressed in the future. First, 

although they liked the unobtrusiveness of the prototypes, they stated that “at some 
point, it might be too subtle”. This finding can also be reflected from the low score 

of attractiveness in UEQ. Due to such over-abstract presentation, some participants 

could not relate the system notification to preventing sedentary behaviors. For 

example, one subject said: “when I really into the video, I tend to forget the light 
from the prototype.” This explains the rated low dependability of ENNA. Participants 

also indicated some design opportunities for ENNA. Most of them expected the 

prototype to provide more assistance related to physical activity in the workplace. 

For instance, one participant stated: “the prototype could present some tips about desk 
exercise to us, and we can decide whether we need such extra information.” 

Case three: NOTI-ME

Design rationale

Similar to previous two cases, NOTI-ME has a fitness reminder for micro-breaks, which 

is presented as an ‘always-on-top window’ (160*160 pixels) in the operating system 

of the personal computer. As shown in Figure 6.4, the reminder shows a yellow circle 

at its center that changes color gradually and constantly grows during the sedentary 

work. It takes 20 minutes for the circle to change the color from red to yellow and 

expand from a dot to the window size. Here, the purpose is that the user can decide 
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whether taking a break at any point of office work, while the reminder provides 

awareness information continuously. Additionally, NOTI-ME enables the user to enter 

the lower-back stretching exercise with HealthSit by simply clicking on the ‘always-

on-top window’. This function provides the user with an easy switch between work 

and a fitness micro-break in the work routine. 

The user study

NOTI-ME was tested with seven office workers (five males and two females; age: M= 

26, SD=2.6) in their workplace for two weeks, ten workdays. During the recruiting, 

the participants with lumbar disease, hearing, and visual impairment were excluded 

to avoid the potential risk of performing the exercise and experiencing the 

interaction. The goal of this study was to investigate how NOTI-ME would influence 

office work and fitness breaks. Before the study, participants were fully informed 

about the targeting exercise, the interaction mechanism of the system, and the 

Figure 6.4
NOTI-ME is a break-prompting system based on HealthSit, which is presented as an always-on 
window on the personal computer to remind fitness breaks.
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Table 6.1
Data collected from the study.

study procedure without discussing relevant knowledge about our research goal. 

During the two-week study, the HealthSit sit pad was placed on participants’ office 

chair to collect data, and the NOTI-ME software was installed in their computers to 

analyze data and provide feedback through the reminder system. At the conclusion 

of the study, participants were interviewed in person to discuss the study and the 

prototype design.

As shown in Table 6.1, both quantitative and qualitative data were collected from 

this study for two main purposes. First, the prototype collected their fitness data at 

work over the ten workdays regarding the sitting hours, the times of fitness breaks 

per day, and the duration of each exercise. These data were used to investigate 

the effectiveness of NOTI-ME in promoting fitness breaks. Second, when the 

participant had completed the study, a semi-structured interview was conducted for 

approximately 30-min per participant to collect qualitative feedback regarding their 

experiences and opinions on our system and the study. Post-interviews focused on 

two aspects. In the beginning, the participants were asked to interpret the collected 

fitness data at work and describe the experience of using NOTI-ME and its influence 

on their daily activities at work. Then, they were invited to share some suggestions 

on the further development of the system. Participants were also encouraged 
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to explain some interesting statements that emerged during the interview. All 

interview sessions were audio-taped and transcribed later for qualitative analysis.

The fitness data were analyzed through the descriptive analysis. The system logged 

participants’ sitting time with a mean value of 147.8 min per person per day 

(SD=53.01). And their frequency of fitness breaks was 2.85 times per person per day 

(SD=1.37). Regarding the duration of fitness breaks, on average, participants spent 

1.46 min each time, and thus the exercise can be considered as a micro-break. The 

fitness break rate was further calculated by dividing the logged sitting time (dividend) 

by the times of fitness breaks (divisor) during that day, which indicates that overall 

participants took one fitness break every 56.71 min (SD=13.88). Although this break 

rate is lower than the research goal (i.e., one break per 20 min), interview responses 

show that NOTI-ME was still perceived useful to prompt fitness breaks in the work 

routine. E.g., “just like the little dot in some chatting software which reminds you to 
check messages. I want to eliminate it”, and “It’s like always in the back of your mind, 
like always remind, I should do the exercise”. Additionally, participants also mentioned 

that the mechanism of the system reminder could inform their unhealthy condition 

without interrupting the workflow. E.g., “I think this is a nice solution because if 
you need to spend all the time on your tasks, NOTI-ME is more in the background. 
When you have the red icon, you can ignore it. Then after work, you can see it is still 
there. You know you have to do the exercise now.” On the flip side, participants also 

indicated two design challenges for the future development of NOTI-ME. First, some 

of them felt that the always-on-top window might influence their work efficiency, as 

it covers some part of the screen. They suggested integrating the reminder into the 

system tray or adding a second display to show the information related to sedentary 

behaviors at work. Second, some participants wished the visualization (e.g., color) 

and presentation style (e.g., time-dependent change) of NOTI-ME to be customizable 

according to their personal preference. 
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Discussion and design implications

In this section, we presented three student-cases (FLOW, ENNA, and NOTI-ME) that 

were developed based on the HealthSit system to blend fitness micro-breaks into 

office work. Specifically, FLOW maps motion data collected from HealthSit to the 

volume of the instrumental music to encourage active sitting with posture changes. 

ENNA is a set of on-desk objects that can inform sedentary working behaviors using 

ambient displays. NOTI-ME visualizes continuous working time with an always-on-

top window, which links to the HealthSit exercise assistance to facilitate a fitness 

micro-break. In these three cases, our design students sought designing peripheral 

displays to blend office vitality into office work. Their user studies have indicated 

some potential benefits of current designs and revealed some challenges and 

opportunities for the future design explorations. Based on lessons learned from these 

design cases, we summarize several design implications for the peripheral display of 

workplace technologies that can prompt fitness breaks in the work routine.  

First, the system feedback should remind users of their sedentary conditions 

unobtrusively and integrate into the working context. In this project, all the 

prototypes were designed to remind sedentary behaviors without interfering the 

ongoing task. FLOW alternates the volume of the music to indicate static sitting 

and interact with the posture changes subtly. ENNA leverages tangible objects as 

a second display to prompt fitness breaks at work without interrupting the work. 

NOTI-ME visualizes the sitting and working duration passively and allows the user 

to decide when to take break freely. These strategies are in line with the golden rule 

of the peripheral display that the system should provide awareness information 

to the user in an unobtrusive manner (Jafarinaimi et al., 2005). Additionally, user 

studies revealed that fitness-promoting technology is not a stand-alone system 

apart from the working scenario. ENNA was suggested to be deployed in a ‘fit zone’ 

on the desk to facilitate the user to the glanceable information check during work. 
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NOTI-ME was suggested to be presented on the secondary screen or embedded into 

the operating system to avoid influencing the manipulation of primary tasks. These 

findings indicate that not only the feedback mechanism should be unobtrusive to 

the user, but also the system should be integrated into the office environment to 

provide feedback effectively, without overburdening workflow. For instance, in our 

latest design called LightSit, we integrated a light strip to the bottom surface of a 

monitor stand, which can prompt micro-breaks and provide guidance and feedback 

to the desk exercise through the peripheral lighting display (see Figure 6.5). In 

LightSit, we embedded its system feedback into the workstation to make fitness 

promotion more unobtrusive and less interfering to office work. 

Second, the data representation should be designed in an abstract format, yet 

remaining clarity to office workers. According to Consolvo, McDonald, & Landay 

(2009), the health-promoting system can represent the raw data with abstraction 

to support users to reflect on their current health status and create new behaviors. 

In this project, students adopted this rule to their interaction design. In FLOW, the 

extended period of static sitting is translated into the decrease in volume. In ENNA, 

the brightness of the light, the movement of the cloth, and the height of the liquid 

are associated with sedentary behaviors of the user. In NOTI-ME, the color and size 

of the visual element are determined by continuous working time. On the one hand, 

the abstract presentation provides additional playfulness to fitness promotion, 

which can increase users’ motivation in office vitality. On the other hand, too much 

ambiguity may make it challenging for office workers to understand their data, and 

thus increase their mental workload. There were some participants in the cases of 

FLOW and ENNA mentioned the difficulty to follow the feedback and link that to their 

actions. This finding suggested that, in the design of a workplace fitness reminder, it 

is worth to explore the balance between presenting the data abstractly and ensuring 

its meaning can be clearly perceived. 



Chapter 6

146

Figure 6.5
In LightSit, a light strip was integrated into a monitor stand as a peripheral displays.
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Third, the system interaction should be adaptive to the dynamic of the office work 

and the personal preference. In the ShuttleKicker study in Chapter 4, we found 

the motivational strategies of fitness-promoting technology need to be tailored 

according to different skills and awareness of physical activity among office workers. 

In this project, the student-design cases further revealed that people could also 

have distinct behavior patterns at work and different workflow in the daily routine. 

Thus, it would make the system useless if only one mechanism of display and 

interaction is designed for all kinds of working conditions. For instance, participants 

expressed controversial opinions on the music and acoustic parameters of FLOW. 

Some participants in the NOTI-ME case also expected to adjust the visual element of 

the interface to make it more appealing to the working scenario. We learned that a 

customizable, personalized technology should be more feasible and work-friendly in 

promoting office vitality. Therefore, a future study could be done here to investigate 

the system interactions of fitness-promoting technologies to make it more adaptive 

and adjustable. One example could be building up user profiles and customizing the 

interaction design accordingly (Orji, Mandryk, Vassileva, & Gerling, 2013).

In this project, we have discussed the system-user interaction of peripheral displays 

to increase office workers’ fitness awareness, without causing adverse impacts 

to office work. In the next section, we focus on the social aspect that can further 

support office workers’ adherence to fitness promotion. 

6.3 Project II: Explore Cooperative Fitness Tracking to 
Encourage Physical Activity among Office Worker

Social interactions can play a crucial role in the adoption of fitness tracking and health 

improvement for office workers. For instance, it has been observed from workplace 

wellness programs that participants acquired collective fitness tracking behaviors 

as a result of collaboration on workouts with colleagues (Chung et al., 2017). In 



Chapter 6

148

fact, HCI and Computer-Supported Collaborative Working (CSCW) researchers 

have investigated the effect of cooperation on fitness-promoting technologies in a 

variety of contexts. Ahtinen et al. (2009) found that connecting with friends or family 

members with a similar fitness target could strengthen their motivation to engage in 

exercise. Munson et al. (2015) suggested that having shared fitness goals and activity 

with friends over social media could support positive changes in health behavior. 

More recently, Chen et al. (2017) indicated that having cooperative accountability 

with a strong tie could lead to improved fitness outcomes for chronically ill 

patients. Social dynamics for office workers are essential in promoting physical and 

psychological wellbeing (Owen et al., 2011). Previous research has also indicated that 

sharing fitness data and setting a collective goal among office workers may support 

fitness tracking in the workplace (Chung et al., 2017). Yet, no empirical evidence has 

actually demonstrated the effect of the cooperative mechanism in fitness promotion 

among office workers, which leads us to our first question for this study:

RQ3.1: Does cooperative fitness tracking between co-workers improve the level 

of physical activity?  

For cooperative fitness tracking, besides the social effects of peer bonding, we 

observe that the proximity between the co-workers in the office environment may 

also affect its outcome. In the CSCW community, the effects of distance have been 

extensively concerned with workplace technologies and many social practices 

(Bjørn, Esbensen, Jensen, & Matthiesen, 2014; Olson & Olson, 2000). For instance, 

an experiment by Bradner & Mark (2002) showed that the likelihood of cooperation 

through communication technologies could be abandoned due to the increase 

of interpersonal distance. Similarly, Cummings & Kiesler (2005) found that greater 

distance between team members could lead to lower cooperative performance.  In 

our view, however, such classic CSCW narratives of distance effects and the way in 

which they influence technology-assisted workplace fitness promotion needs to be 
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further explored. It is a worthy topic of study to understand the effects of physical 

proximity at work on cooperative fitness tracking in the office context. To this end, 

this study involves two types of co-workers, both those who are distributed and co-

located (i.e. at the same site), to explore our second question for this study:

RQ3.2: Does the physical proximity between co-workers influence their 

adoption of cooperative fitness tracking?

In this study, we propose a peer-based cooperative fitness tracking (PCFT) strategy 

for fitness promotion in the workplace. We conducted a field study to investigate 

its effectiveness, and the potential impact of interpersonal proximity on this type 

of collaboration. The study was carried out in three stages: a baseline week, a PCFT 

intervention week, and a post-intervention week. A fitness tracker named Mi-band 

(Xiaomi, 2016) was used as a research tool to collect fitness data and implement the 

PCFT intervention. The aim of the comparison of the fitness data between the three 

stages was to evaluate the effectiveness of PCFT in promoting physical activity. For 

this study, we recruited participants who were from same or different offices. Based 

on the physical proximity between the dyads of participants, they were divided into 

the ‘distributed’ or the ‘co-located’ group. The comparison between the two groups 

examined the effects of the dyad’s proximity on the adoption of PCFT. In addition, 

we collected interview data in order to better understand the user experience with 

PCFT and identify the challenges involved in blending PCFT into a working routine. 

Related work 

Social features of fitness tracking technologies

Most physical activities facilitate social interaction, but even with solo exercises 

such as walking or jogging, social bonding can motivate individuals to engage 

with these fitness activities. For instance, Stickers for Steps (Morrison & Bakayov, 
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2017) is a fitness promotion application that links daily steps to virtual stickers and 

increases motivation by encouraging people to collect and exchange the stickers. 

Jogging over a Distance (Mueller et al., 2010) is a co-exercise system that helps create 

a social experience of jogging together for partners who are geographically apart. 

The results suggested that such social support could enhance engagement with the 

exercise and increase the level of activity. 

As suggested by Fogg (2003) and Oinas-Kukkonen & Harjumaa (2009), a variety 

of social interaction schemes can be employed within HCI that have persuasive 

design features, including social learning, social recognition, social facilitation, 

competition, and cooperation. The latter two strategies have been widely used 

by fitness tracking technologies, supporting users to compete or cooperate with 

others. It has been concluded that a healthy dose of competition when using 

fitness tracking technologies is effective in promoting physical activity. For instance, 

motion-based systems such as Nintendo Wii utilize game mechanisms to facilitate 

real-time competitions (Nintendo, n.d.). Nike+ provides sports challenges (e.g., run 

100 miles) and leaderboards on the social platform to encourage increased physical 

activity (Nike, n.d.). Furthermore, research applications, such as Kukini (T. Campbell 

et al., 2008), have investigated team-based competitions by facilitating groupings 

of users and team-level comparisons. As already mentioned in Chapter 2, however, 

excessive competition can produce adverse results (Ahtinen et al., 2009; Lin et al., 

2006; Macvean & Robertson, 2013). This is why competition mechanics should be 

applied carefully, e.g., Foster and colleagues (2010) proposed a friendly-competitive 

intervention to encourage physical activity among office workers. 

Recently, a controlled field study by Chen & Pu (2014) compared the competitive 

and cooperative mechanisms among people by using the HealthyTogether app. 

Their results revealed that cooperation was more efficient than competition in 

promoting physical activity. Thanks to bonding among team members, cooperative 
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settings in social fitness applications can improve health outcomes as well as 

interpersonal relationships. For instance, Fish’n’Steps (Lin et al., 2006) uses the growth 

and emotional state of virtual pets to represent the daily activeness of a group of 

participants, which reinforces their awareness of being active. Chick Clique (Toscos 

et al., 2006) generates a collective fitness result by averaging the steps of all team 

members and allows them to encourage each other by sending text messages. Pass 

the Ball (Rooksby, Rost, Morrison, & Chalmers, 2015) tracks one member’s activity at 

any one time in relation to the team score, which improves social interaction within 

the team.  

It has been demonstrated that pre-existing social relationships between users 

can play a critical role in supporting cooperative fitness tracking. Lin et al. (2006) 

identified the fact that anonymous cooperation did not help in improving exercise 

performance. Instead, according to Munson et al. (2015), cooperative physical 

activities with online friends were able to catalyze support. Moreover, Chen et al. 

(2017) discovered that people with chronic diseases were more motivated to adhere 

to a shared fitness target with people with whom they have a strong tie than with 

strangers. For office workers, social bonding between co-workers shows great 

potential when it comes to enhancing communication and collaboration (Kram 

& Isabella, 1985). In this study, we investigate using a cooperative mechanism for 

fitness tracking involving two co-workers.

The effects of proximity for cooperative bonding between co-workers 

In office settings, the proximity between co-workers may significantly affect their 

cooperation and social activities (Sailer & McCulloh, 2012). For instance, the physical 

presence of colleagues may increase the likelihood of interpersonal support, but 

too much communication may cause mental overload and is not always welcomed 

at work (Kraut, Fussell, Brennan, & Siegel, 2002). The research about the effects of 

distance on social activities can be traced back to the 1980s. Latané (1981) argued 



Chapter 6

152

that the degree of social interaction is negatively associated with interpersonal 

distance. Similarly, Kraut, Fish, Root, and Chalfonte (1990) suggested that reducing 

interpersonal distance could increase communication among people engaged in 

cooperation. An experiment by Sensenig, Reed, and Miller (1972) indicated that, 

even within one room, close proximity between players could enhance their team 

performance in a cooperative activity (the prisoner’s dilemma game).  

Along with the development of CSCW, the effects of distance have been widely 

investigated for technology-mediated communication and workplace collaboration. 

A literature review by Olson and Olson (2000) concluded that physical distance, 

together with factors such as available technology, affects users’ collaborative 

behaviors. Bradner and Mark’s experiment (2002) tested the effects of distance 

on social interaction via video conferencing and instant messaging. Their results 

suggested that participants’ attitude to cooperation is negatively associated with 

interpersonal distance. Many previous studies also indicated the benefits of close 

proximity between co-workers in the working context. For instance, Allen (1984) 

suggested that the frequency of communication would be increased when the 

physical distance between co-workers is less than 30 meters. Hawkey and colleagues 

(2005) revealed that close proximity between co-workers could contribute to their 

enjoyment and effectiveness at work if they are engaged in co-located collaboration. 

Cameron and Webster (2005) showed that face-to-face communication at work 

could offer richer social experience for office workers than using communication 

technologies. However, few studies have examined the effects of interpersonal 

proximity in the context of cooperative fitness promotion in the workplace. 

Based on the findings from earlier work (Chen & Pu, 2014; Consolvo, Klasnja, 

McDonald, & Landay, 2009), our study design involved using the PCFT strategy to 

improve the level of physical activity of a dyad of co-workers by enabling them to 

set a collective fitness goal, track the fitness data, and share progress with each 
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other. We also investigated the effects of their interpersonal distance at work for the 

adoption of PCFT. Next, we elaborate on our study design in some detail.

The study 

This subsection describes the setup of the cooperative fitness tracking application 

and the research tool employed, as well as the study design used to evaluate the 

proposed social strategy, including the research hypotheses, the recruitment of 

participants, and the study procedure.  

Peer-based cooperative fitness tracking (PCFT)

Peer-based cooperative fitness tracking (PCFT) requires two paired co-workers. The 

core of PCFT is to utilize their social bonding and daily social interaction at work as a 

tool to promote mutual physical activities. Similar to Chen et al. (2017), Chen and Pu 

(2014), and Consolvo et al (2009), PCFT was designed with the following two main 

features.

A Collective goal Each dyad could create a cooperative daily step goal that 

would be fulfilled by the summary of their steps. For example, if a user has 

made 5000 steps and the buddy has made 6000 steps, in total, they have 

completed 11000 steps, which is compared to their group goal, e.g., 15000 

steps. 

Data sharing For each dyad, one can check the other’s accomplished step 

data through the fitness tracking application at any time and initiate online 

interpersonal communication.  

We used a fitness tracking device named Xiaomi Mi-band  (Xiaomi, 2016) and its app 

as the research tools to collect the fitness data and implement the PCFT intervention. 

Specifically, we provided each participant with a Mi-band (see Figure 6.6(a)) to collect 
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their daily step data. Xiaomi Mi-band is a smart activity-tracking wristband that is 

connected to a mobile application named Mi-fit. Here we used Mi-band because of 

its low cost (approx.€15 each compared to approx.€90 for a Fitbit wristband) and 

ease of maintenance (battery life approx. 30 days compared to approx. 7 days for 

Fitbit). Throughout the study, participants were asked to wear the Mi-band during 

waking hours for step tracking. Before the study, participants installed the Mi-fit app 

on their smartphone. In this study, the Mi-fit app only offers basic social functions 

supporting two features of PCFT, without introducing additional functions (e.g., 

hourly/daily notifications, virtual coach, etc.).

To implement PCFT, the dyad of participants need to set their collective goal in the 

mi-fit app first using the ‘set activity goal’ interface in Figure 6.6(b).  The collective 

fitness goal was decided based on consensus and could be adjusted at any time 

during the PCFT intervention. Then, the participants could check their own daily 

steps via the main interface (see Figure 6.6(a)), and also their buddy’s daily steps on 

Figure 6.6
(a) Overview of the Mi-band and Mi-fit app; (b), (c) Interfaces in the Mi-fit app to facilitate PCFT.
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Figure 6.7
(a) co-located dyads worked in the same office room. (b) distributed dyads worked in the same 
building but in different office rooms.

the ‘friend’ interface (see Figure 6.6(c)). Moreover, within Mi-fit, participants could 

send their buddy a simple system-generated message (a nudge), e.g., “it is time for 

us to take a walk”, as a hint to initiate social interaction related to the collective goal.

Research hypotheses

We conducted a field study consisting of a baseline week, an intervention week, 

and a post-intervention week. PCFT was applied only in the intervention week. The 

comparison of daily step data over a period of three weeks was intended to verify 

whether the proposed PCFT strategy would improve the level of physical activity. 

Our first hypothesis is:

H01: Participants’ daily steps in the PCFT intervention week will be greater than in 

the baseline and post-intervention week.

To explore the proximity effects on PCFT, the study recruited dyads with different 

degrees of proximity at work. The dyads who worked in the same office room were 

a b
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defined as a ‘co-located group’ (Figure 6.7(a)). The dyads who worked in the same 

building but in different office rooms were defined as a ‘distributed group’ (Figure 

6.7(b)). The comparison of the set goals and the actual step data between the two 

groups was made to investigate the effects of distance between co-workers in terms 

of their adoption of the PCFT intervention. The second hypothesis is:

H02: The co-located participants will adopt PCFT more than the distributed 

participants. 

An additional aim of this study was to understand how PCFT might support physical 

activity among office workers and identify which factors affect the application of 

PCFT in the office settings.

Participants

We recruited participants by spreading information via word of mouth, taking a 

snowball sampling approach. Initially, we asked people we knew who had similar 

characteristics to our target subjects. We then asked them to pass the information 

to their social contacts. During recruiting, we screened study candidates based 

on the following criteria. First, we selected participants who regularly engaged in 

office-based work for at least 6 hours per day. Second, the selected participants 

in each dyad also worked in the same building. Third, we aimed to balance the 

features of subject between the distributed and the co-located groups. Fourth, we 

recruited participants who intended to engage in physical activity. This criterion was 

addressed by using the transtheoretical model (TTM) (Prochaska & Velicer, 1997), 

which identifies an individual’s readiness for engaging in health-related behavior 

according to the following five stages: from precontemplation to contemplation, to 

preparation, to action, to maintenance. By asking them to fill in a pre-study survey 

(see Appendix C) containing Physical Activity Questionnaire to Stage of Change 

(Prochaska, 1991), we excluded candidates at the precontemplation stage because 
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they did not want to become physically more active over the next six months. 

Lastly, we excluded people who had physical complaints that might make it risky to 

perform physical activity during our study.  

At the beginning of the experiment, 24 participants were recruited to participate 

without knowing about the goal of the study. They were also given the opportunity 

to withdraw at any point. The selected participants were all university employees. 

Each dyad of participants had been co-workers for at least one year and had very 

good relationships in their leisure time. Two dyads of participants dropped out 

due to an unexpected work absence during the study. This paper therefore reports 

results from the 20 subjects (gender: 11 males and 9 females, age: M=28.6, SD=2.7, 

Min=26, Max=35), who completed the entire field study. Their characteristics are 

summarized in Table 6.2. We labeled the 10 participating dyads as P01, P02 … P10 

and the 20 subjects as S01, S02 … S20.

Table 6.2
Participant characteristics and groupings.
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Procedure and data collection

The study was conducted during the Spring in the Netherlands. As shown in Figure 

6.8, the study was initiated by an introductory session to explain the procedure of 

the study without discussing the research hypotheses. Afterwards, each participant 

received a Mi-band wristband as well as instructions to set up the app on their 

smartphones. During the study, participants wore the wristband to track their 

physical activity. We collected participants’ daily step data over the three-week study 

period. In the intervention week, the cooperative step goals of the participants 

were recorded on a daily basis. Before the intervention week, we introduced the 

mechanism of PCFT to participants and enabled the PCFT features (collective goal 

setting and data sharing) of the Mi-fit app. In the post-intervention week, the PCFT 

features were disabled so the Mi-fit app worked the same as in the baseline week.

At the conclusion of every study week, we conducted an interview with each dyad 

separately. The interviews followed a pre-set protocol and included open-ended 

questions about the fitness tracking and its influence on participants’ physical 

activity. First, we asked the participants to interpret their activity data by asking 

the questions such as “Could you look at your step data and explain what physical 
activities were related to these data?” We then asked them to elaborate on their 

experience with fitness tracking in the past week, with questions such as “Could you 

Figure 6.8
A visualization of overall study procedure.
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please share some stories about your experiences related to the fitness-tracking in the 
past week?” We also asked the participants to explain some interesting statements 

that emerged during the interview. All interview sessions were audio-taped and 

transcribed later for qualitative analysis.

Findings 

Quantitative Analysis

Analyses of the quantitative data were conducted using SPSS software, and the 

results were examined to validate our two research hypotheses. First, distributions 

were confirmed as not significantly different from the normality (Shapiro-Wilk test p 

> 0.05). Then a two-way mixed ANOVA was conducted to examine the effects of the 

PCFT intervention and differing degrees of proximity as well as their interaction. When 

sphericity could not be assumed, degrees of freedom were adjusted. Where ANOVA 

was significant, post-hoc analyses were conducted using Bonferroni correction for 

pairwise comparisons. We analyzed goal commitment to demonstrate the adoption 

of PCFT. Descriptive analyses were conducted to explore the difference between 

the co-located and the distributed groups regarding goal setting, compliance, and 

fulfillment during the intervention week. 

The Improvement of Fitness Behaviors We calculated the mean daily steps made 

by each participant in the baseline, the intervention, and the post-intervention 

week respectively for the comparative analysis. An increased number of daily steps 

indicates an improvement in fitness behaviors. Figure 6.9(a) shows the changes in 

the numbers of participants’ daily steps across the three study weeks. Compared 

to the baseline week (M=7301, SE=586), daily steps during the intervention week 

(M=7996, SE=565) increased by 9.5% and then returned to 7213 (SE=502) in the post-

intervention week. For the distributed group, the averages of their daily steps were 
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7184 (SE=829) in the baseline week, 6743 (SE=799) in the intervention week, and 

6417 (SE=710) in the post-intervention week. For the co-located group, daily steps 

in the intervention week (M=9249, SE=799) improved greatly compared to the post-

intervention week (M=8010, SE=710), and the baseline week (M=7418, SE=829). 

Figure 6.9(b) shows that most participants in the co-located group clearly improved 

their daily steps during the intervention week. In contrast, the fitness performance 

of participants from the distributed group varied fitness.

To understand the effects of the PCFT intervention and interpersonal proximity in 

promoting physical activity, we compared participants’ step data across the three 

weeks between the two groups. A two-way mixed ANOVA was conducted with 

the study week (baseline, intervention, post-intervention) as a within-subjects 

factor and the proximity of a dyad (co-located vs. distributed) as an independent 

factor. The analysis revealed that the PCFT intervention had a significant effect on 

participants’ daily steps, F(2, 36) = 3.463, p < 0.05, and that proximity affected the 

PCFT intervention, F(2, 36) = 6.143, p < 0.01.

Figure 6.9
Participants’ daily fitness data and improvements across three study weeks.
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As shown in Table 6.3, the post-hoc tests with Bonferroni corrections showed that 

the co-located dyads increased their physical activity significantly with the PCFT 

intervention compared to the baseline (p = 0.001) and the post-study period (p 

= 0.026). No significant differences were found regarding physical activity for the 

distributed dyads among the three study weeks. In the intervention week with PCFT, 

the comparison of step data between the two groups revealed that the co-located 

dyads engaged in significantly more physical activity than the distributed dyads (p 

= 0.040).

The fitness goal commitment During the intervention week, participants set their 

collective fitness goals, which ranged from 8000 to 18000 steps per dyad on a daily 

basis, with a mean of 14100 (SE=1149.30). The average fitness goal for dyads in the 

distributed group was 13200 (SE=1462.87) steps. The fitness goals in the co-located 

group were slightly higher at 15000 (SE=1843.91) steps per day. This indicated that 

dyads working in the same office tended to set higher fitness goals with PCFT.  

To examine participants’ adherence to their goals during the study, and similar 

to previous studies (Chen et al., 2017; Luhanga, Hippocrate, Suwa, Arakawa, & 

Yasumoto, 2018), the frequency of goal compliance and goal fulfillment rate were 

Table 6.3
Pairwise comparisons (a) of distributed group between study stages; (b) of co-located group 
between study stages; (c) between two groups in different study stages. In this table, we 
define: I = stage 1 baseline; II = stage 2 intervention; III = stage 3 post-intervention.
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used as two indices for comparison. We calculated goal compliance by counting how 

many days a dyad reached their pledged steps for that day, and goal fulfillment rate 

by the dividing the total steps taken by a dyad (dividend) by their collective goal 

(divisor) for that day.

Figure 6.10 shows that in general our participants achieved their cooperative fitness 

goal 4.1 days out of 7 (SE=0.48, Min=1, Max=6), and their average goal fulfillment 

rate was 115%, SE=0.05, Min=70%, Max=151%. Figure 6.10(a) shows that there 

were four dyads in the co-located group (P06, P07, P08, P09) which achieved their 

collective goals on more than four days in the intervention week. In contrast, only 

two of the distributed dyads (P02, P05) achieved this. As shown in Figure 6.10(b), 

the goal fulfillment rate of four co-located dyads (P06, P07, P08, P09) was above the 

mean rate of 115%, whereas only one dyad (P5) from the distributed group achieved 

the fitness goal to a similar extent. These results suggest that the co-located co-

workers achieved their fitness goals more frequently and at a higher fulfillment level 

than the distributed group.

Figure 6.10
Each participating dyad’s (a) frequency of achieving the collective goal and (b) Mean and SE of the goal 
fulfillment rate (%) in the intervention week.
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Summary. A 3 x 2 ANOVA of participants’ daily steps throughout the study period 

confirmed our first research hypothesis that PCFT can effectively enhance physical 

activity. This effect was particularly reflected in the significantly increased number of 

daily steps taken by the co-located group in the intervention week. The comparison 

between the co-located and distributed groups confirmed our second hypothesis 

about the positive effect of proximity in supporting the adoption of the PCFT 

strategy to promote physical activity. Furthermore, the results in relation to the goal 

commitment indicated that the co-located dyads tended to set higher collective 

goals, be more motivated to reach these goals, and achieve a higher fulfillment 

rate than the distributed dyads. To summarize, these quantitative findings suggest 

that cooperative fitness tracking between two co-workers can promote physical 

activity, and that close physical proximity at work can facilitate their adherence to 

the cooperative fitness tracking regime and improving their fitness performance.

Qualitative Analysis

We analyzed the interview data to understand how PCFT supported the co-workers’ 

physical activity and what influenced their adoption of PCFT. We imported all of the 

interview transcripts into NVivo software and conducted a thematic analysis (V. Braun 

& Clarke, 2006). To begin with, segmentation of the transcripts was transformed into 

quote statements and labeled. The labeled statements were then measured using 

inductive coding to identify recurring clusters with emergent themes (Thomas, 

2006). After the qualitative analysis, 291 selected quotes were categorized under 

two main themes: the benefits of PCFT for fitness promotion, and the challenges 

related to adopting PCFT in the workplace. 

Benefits of PCFT. The quantitative analyses show that the PCFT intervention can 

effectively improve the physical activity of the co-workers working in the same office. 

The interview responses suggest that the PCFT enables a new form of social bonding 

between two co-workers that extends beyond their existing colleagueship. And this 
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cooperative relationship provides the impetus for their fitness tracking and physical 

activity. Most participants experienced the PCFT week as positive and reported a 

frequent knowledge exchange and sharing of experiences with their buddies during 

work breaks. We elaborate on these findings below, highlighting three aspects.

PCFT facilitated social bonding, which helped to increase physical activity.  

Although PCFT did not have a decisive impact on the achieving goals, the interview 

data suggest that PCFT was effective in helping co-workers to establish and maintain 

a cooperative relationship, which promoted physical activity. Such social incentives 

improved participants’ awareness of fitness tracking and motivated them to 

contribute to their team fitness goal. Most participants said that they were more likely 

to check their fitness data during the PCFT week due to curiosity about their buddy’s 

progress. They also reported a strong sense of responsibility for accomplishing the 

fitness goal, not only for themselves, but also for the collective goal. For instance, 

one participant (S15) intentionally increased his daily steps to compensate for the 

unexpected physical injury of his buddy: “From the baseline, we know we took 5000 
steps each, and we are eager to get to 16000 steps together. But this week his foot is 
not that good, so I am the one who is taking more of the load.” Although sharing 

personal data inevitably invited comparisons between the paired partners, none of 

the participants mentioned that the PCFT had led to an interpersonal competition. 

Instead, we observed that such comparisons were a motivational factor for improving 

the level of activity. As S09 said: “His step data was often higher than mine. For me, 
this is something that can push me to walk more to make a bigger contribution to our 
goal.” By setting fitness goals together and sharing fitness data with each other in 

a timely fashion, the PCFT tended to make participants more likely to regard their 

personal improvement as contributing to team performance rather than achieving 

competitive advantage. For instance, some participants mentioned that “we were 
working as a team with the same goal” (S08) and “I was more interested in our overall 
performance” (S10). 
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PCFT stimulated exchange of knowledge about fitness and health. The cooperative 

fitness tracking also brought fitness-related topics into daily conversations in the 

workplace. For instance, S13 stated that “during work breaks, we seemed to talk more 
about fitness activities than about work.” Many participants mentioned they often 

exchanged exercise experience and fitness knowledge with their PCFT buddy in 

addition to checking each other’s fitness data. For instance, “We begin our talk by 
asking about each other’s progress, then everything would be about how to keep fit” 
(S15), “I often asked him what he did yesterday to achieve that larger number of steps” 
(S19). They felt that such frequent discussions improved their awareness of fitness 

and health. More importantly, some participants believed that such an exchange 

of knowledge would be beneficial in terms of adjusting their lifestyle in a healthy 

direction. For instance, S05, a sports enthusiast, told us he often shared fitness tips 

with his PCFT buddy, e.g., “long hours jogging might hurt your knees, so you’d better 
train your upper leg muscle to protect them.”  

PCFT turned a coffee break into a fitness break. In the PCFT intervention week, some 

participants reported a big change in their work breaks. Instead of having a chat or 

getting a coffee, they tended to take a walk or to do some casual exercises. Coffee 

breaks seemed to become fitness breaks at work. Specifically, most participants 

indicated that they were triggered to invite their PCFT buddy to exercise together, 

e.g., taking a walk during work breaks or a jog after work. As they stated: “in work 
breaks, we often went out for a walk instead of drinking coffee. Walking together 
during breaks rarely happened before [PCFT week]” (S07), “I feel more comfortable 
now asking my colleague ‘do you want to go for a walk’, as I knew she was up to that” 
(S14). “In this week [PCFT], we went to the gym together three times after work. It’s 
very natural to ask him to join me” (S16). According to our participants, doing light-

intensity physical activity together (mainly walking in this case) during breaks was 

“more efficient for reaching the goal” (S11) and “beneficial to the social relationship” 
(S16). In addition, the participants also suggested that when paired partners shared 
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the same work routine or work location, this created more opportunities for them to 

have a fitness break together. For instance, S19 stated: “On Tuesday I was working 
with him (S20), and before the lunch-break, he said like oh yeah, we have to reach 
our goal today so let’s have a walk now outside. So, instead of getting a sandwich in 
the cafeteria, we went to another building to meet our target for steps.” On the other 

hand, it was challenging for the distributed co-workers to adopt PCFT. This is in line 

with our quantitative findings that the PCFT intervention only significantly increases 

daily steps when dyads are co-located. 

Challenges to adopt PCFT in the workplace. In this study, PCFT was developed on 

the basis of peer-based cooperative mechanisms. The quantitative results showed 

that the proximity between two co-workers influenced their fitness outcomes 

with PCFT (co-located vs. distributed group). According to our interview data, we 

further identified three main challenges for the adoption of PCFT. We suggest that 

these challenges should be addressed to better leverage PCFT for workplace fitness 

promotion.

The greater the distance at work, the lower the frequency of fitness breaks 

together. The participants from the co-located group mentioned that frequent 

social encounters in the office played a critical role in taking a fitness break together 

at work. As S17 explained: “When we saw each other were less busy, we often asked each 
other to get a coffee and take a walk by the way, and it happened several times during 
the day.” By contrast, for the participants in the distributed group, they mentioned 

that it was not always easy to get together for such ‘unplanned’ social activities, as 

it was impossible to keep track of each other’s availability. This could be one reason 

why the co-located group achieved greater fitness improvement as well as higher 

goal compliance and fulfillment rate than the distributed group. Although paired 

partners can always be reached by the Mi-fit app, greater distance at work still adds 

to the difficulty of communication between the partners, reducing the frequency of 
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fitness breaks. The presence of the buddy in the same workplace (the same office 

room) tends to facilitate common social and physical activities.  This is why the first 

challenge when addressing adopting PCFT might be how to reduce the effects of 

distance and how to how to support the presence of a buddy.   

Walking, talking, and inviting, not texting with the app. In the study, we used the 

Mi-fit app to support the PCFT intervention. Besides tracking the fitness data, the 

Mi-fit app also allows the participants to get in touch with their buddy by sending 

a ‘nudging’ message. According to our participants, their motivation to use the app 

for inviting or reminding their buddy to exercise decreased over time. For instance, 

S09 mentioned: “The first two days we used the app to keep in contact, but it was 

less afterwards.” In contrast, most participants said they would rather “drop by their 
buddy’s office” (S02) and “talk with them in person” (S05). As S10 mentioned: “I prefer 
to go to his office and ask him to take a walk, although sometimes he was busy with 
work and couldn’t join me, but at least, I was walking instead of texting.” As a result, 

the participants in the distributed group mostly took care of their own fitness with 

little communication: “The last two days I just did my part without thinking about 
my colleague’s progress” (S04). Co-located participants felt it was more convenient 

(S20) and efficient (S15) to discuss the fitness tracking in person than by using the 

app. These findings suggest that in the co-located group, face-to-face interaction 

compensated for the limited interaction feature of the app. This also explained why 

the distributed dyads’ intervention adoption and fitness improvement levels were 

lower than those of the co-located dyads. 

The same goal, but a different daily routine. The interview also suggested that a 

low consistency between the daily routine of paired co-workers might lead to weak 

bonding for cooperative fitness at work. Some participants described the experience 

that they tended to ignore the cooperation on fitness tracking when it conflicted 

with their personal workflow: “If we are working on the same project, it will be easier 
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for us to cooperate on fitness tracking, but sometimes when we work on our own project, 
the different working time makes it hard to stick to the cooperation” (S08).  Additionally, 

some participants also expressed not only the difference in work routine, but also to 

the fact that social patterns after work influence cooperative fitness tracking. For 

instance, some paired participants mentioned that they have a very different life 

after work, which made it impossible for them to exercise together after work. For 

instance, S03 mentioned: “We have a totally different lifestyle after work, so it’s too 
hard to exercise together after work”, and S13 mentioned “One day she (S14) asked 
me to go to the gym with her after work, but I needed to go home to cook for my family 
on that day, so I couldn’t join her.” They felt that the difference between their daily 

routines weakened the effects of PCFT to some extent. 

Limitations & future work

This was an exploratory study to investigate whether and how the proposed PCFT 

could encourage physical activity among office workers, as well as understand how 

physical proximity at work influences the application of PCFT. The findings from our 

study may need to be cautiously interpreted due to the following limitations. First, 

the study was conducted in a specific office setting over a relatively short period, 

which might not be adequate to prove the systemic behavior change in the long-

term (Klasnja, Consolvo, & Pratt, 2011). Second, as this study focused on a peer-

based cooperative strategy as a motivational factor for fitness tracking, the online 

social interaction implemented in the Mi-fit app was relatively simple. Future work 

could focus on implementing the design implications reported here into a new 

PCFT application and investigating its potential in workplace fitness promotion by 

undertaking longitudinal studies.
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Discussion & design implications

Cooperative fitness tracking has been studied in the context of various social 

relationships, such as strong ties (Chen et al., 2017), strangers (S. Munson & Consolvo, 

2012), and online social networks (Munson et al., 2015). The social bonding between 

co-workers can be harnessed to develop a cooperative fitness tracking in the 

workplace (Chung et al., 2017). In CSCW, it has been proven that interpersonal 

distance at work can influence the frequency of communication (Allen, 1984), 

stressing the effectiveness of collaboration (Hawkey et al., 2005), and shared social 

experience (Cameron & Webster, 2005). This paper reports on an empirical study that 

investigated a peer-based cooperative fitness tracking (PCFT) between co-workers 

designed to promote workplace fitness and the effects of physical proximity at work 

on the adoption of PCFT. Comparative analyses of participants’ fitness data between 

the baseline, the intervention, and the post-intervention weeks revealed that the 

proposed PCFT strategy was effective in improving physical activity. There were 

better results among the co-located co-workers when it came to fitness-related 

behavior and goal fulfillment than those distributed across different offices. Our 

results are consistent with earlier work that indicated the benefits of cooperation 

for promoting fitness behaviors (Chen & Pu, 2014; Lin et al., 2006; Toscos et al., 2006). 

Furthermore, this study provides research evidence that close physical proximity at 

work could play a significant role in encouraging the uptake of cooperative fitness 

applications by office workers. 

The qualitative results from the interviews indicate that the proposed PCFT may 

contribute to workplace fitness promotion in three ways. First, PCFT could help to 

establish and maintain a cooperative relationship between co-workers, which in 

turn would encourage office workers to become physically more active. Second, 

PCFT could stimulate the exchange of knowledge related to fitness and health 

among office workers. Third, PCFT could increase the frequency of work breaks 
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and transform a typical coffee break into a more physically active fitness break. This 

study also revealed several challenges with the current setup of PCFT. Especially 

when users are distributed across different workplaces and have very different work 

routines, it might be hard to form a solid cooperative relationship as the basis for 

PCFT. This is in line with findings from earlier CSCW studies that distance at work 

affects cooperative work. According to Olson and Olson (2000), the negative effects 

of distance for cooperation can be mitigated by including effective social interaction 

design in the collaboration technology. Based on our findings (both from the 

quantitative and the qualitative analyses), we propose a set of design implications to 

help HCI and CSCW researchers, designers and practitioners better leverage PCFT for 

workplace fitness promotion in future.

Incorporate social game mechanics into PCFT to enrich fitness breaks

Our results revealed that people working closely together could meet their collective 

fitness target more easily due to an increase in the number of work breaks. They 

tended to incorporate some physical activity into their work breaks. For instances, 

S19 and S20 often walked to the canteen in another building for lunch; S17 and 

S18 intentionally walked to a coffee machine farther away so that they could walk 

a little longer. The current PCFT only supports goal setting, tracking, and sharing of 

fitness data. Its cooperative mechanism is very simple: it invites the two members of 

the team to contribute to a pre-set common fitness goal. Although this mechanism 

may serve as a social incentive for cooperative action, it does not suggest, provide, 

or assist any cooperative physical activity for fitness breaks. Thus, most of the activity 

during fitness breaks was limited to walking.

The responses in the interviews suggest that PCFT should introduce more 

cooperative mechanisms designed to enrich fitness activities during work breaks. 

For example, some participants suggested embedding game mechanics into PCFT: 

“It would be nice if this fitness tracking technology could also facilitate some relaxing 
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fitness games with colleagues” (S15). Some game-like challenges and rewards could be 

embedded into the PCFT-based system to enhance co-located collaborative fitness. 

One example proposed by Cambo and colleagues (2017) involves encouraging office 

workers to walk to different locations during work breaks to collect virtual badges. 

Because office workers prioritized productivity at work, it was felt that collaborative 

fitness activities or games should add as little burden as possible (Chung et al., 2017). 

Therefore, lightweight collaborative fitness games or activities should be designed 

and the form of these activities should be well-integrated into the office context. 

Support social presence in the PCFT cooperation relationship

Studies on social presence theories have shown that rich social cues (e.g., eye 

contact, posture, dress, and nonverbal cues) during face-to-face communication 

can greatly enhance intimacy between collaborators (Short, Williams, & Christie, 

1976). Similarly, in this study, we also observed the positive effects of the face-to-

face communication among co-located participants, which actively contributed to 

PCFT’s effectiveness. Based on this finding, we suggest taking the advantages of co-

located office workers’ proximity into account when introducing PCFT and designing 

technologies to facilitate social interactions based on their routine overlap. Some 

forms of notifications could be implemented in PCFT to stimulate co-located social 

encounters, in which fitness initiatives can be facilitated. For instance, informing 

users when their buddy is nearby and/or available for a fitness break. Seeing cues on 

each other’s Mi-band might be a simple but direct way to prompt interaction.

For distributed users, we suggest improving awareness of collaboration and 

enhancing social bonding by making the collective fitness data and goal more 

visible through ambient displays or peripheral interaction (Bakker et al., 2015). For 

example, visualizing the contribution of the cooperative buddy to the fitness goal in 

the system tray of computers or by the ambient display. Besides fitness tracking and 

sharing, the PCFT-based application may also need to reduce the effort involved and 
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enrich social cues for remote communication. For instance, developing a PCFT-plugin 

for office software (Morris et al., 2008) or a glanceable display for mobile applications 

(Esakia, McCrickard, Harden, & Horning, 2018; Gouveia, Pereira, Karapanos, Munson, 

& Hassenzahl, 2016) that presents casual social interactions to enable the paired co-

workers to get in touch without disturbing their workflow. Vetere et al. (Vetere et al., 

2005) presented several wearable concepts that leverage tactile feedback to support 

remote interpersonal interactions. Similar features could be developed to support 

stronger bonding for the distributed PCFT.

Fit the PCFT mechanism into the work routine

According to Jackson (2005), routine patterns drive many of our decisions, regardless 

of the perceived benefits and wish to achieve target behaviors. It has also been shown 

that daily routine could serve as a means of intervention to shape behavioral change 

(Gram-Hanssen, 2008). Previous studies have demonstrated that fitness tracking 

technologies should fit into personal daily routines (Lazar, Koehler, Tanenbaum, & 

Nguyen, 2015). In this paper, PCFT worked by encouraging two co-workers to bond 

to achieve a collaborative fitness goal. The study revealed that the feasibility of PCFT 

was not only related to a personal routine, but also to routine consistency between 

co-workers. The conflict between fitness cooperation and work flow means that 

PCFT can easily fail. To tackle this issue, ‘intelligent’ pairing might be applied before 

setting up cooperative fitness tracking between co-workers, e.g., by analyzing their 

routine overlap and proximity at work, in order to optimize the feasibility of the 

intervention (Lazar et al., 2015).

From this study, we found that most participants liked PCFT as an incentive for 

their collaborative relationships at work, but some of them expressed the view that 

it was no longer necessary to track their data after work. The boundary between 

private life and work is an important aspect that must be addressed when designing 

information technology for office workers. Both earlier work (Chung et al., 2017; 
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Gorm & Shklovski, 2016b) and our study involved investigating office workers’ fitness 

tracking practices without separating the work and non-work time. However, our 

findings suggest that the PCFT and related physical activity should be closely linked 

to the working routines. For example, peer-based fitness bonding can be selectively 

enabled or disabled in non-work time, such as after-work hours and weekends. 

Moreover, based on (Ahtinen et al., 2009; Chen et al., 2017; Munson et al., 2015), 

we suggest PCFT can also be applied beyond the workplace context. For instance, 

outside of work, users could engage in cooperative fitness tracking with their family 

members, friends, online social networks, etc.

6.4 General Discussion

In this chapter, we have investigated how interactive technologies could be designed 

to support adherence to workplace fitness promotion. We investigated this research 

question with two research projects. In the first project, we analyzed three student 

design cases of peripheral displays for prompting fitness micro-breaks in the work 

routine. In the three design cases, FLOW uses interactive music for stimulating 

posture changes while working. ENNA represents awareness messages with tangible 

interfaces for reminding office workers about their sedentary conditions. NOTI-ME 

visualizes the unstopped working using an always-on-top window to encourage and 

facilitate fitness behaviors. Through our analysis of these design cases, we suggest 

the system interaction of fitness-promoting technologies should support adherence 

to office vitality in three aspects. First, the feedback on sedentary behaviors should 

be displayed unobtrusively and integrated into the office environment. Second, the 

fitness-related data should be represented abstractly, and with clarity. Third, the 

system should be able to adapt its interaction according to the working context and 

personal preference. 

In the second project, we conducted a field study on using cooperative fitness 
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tracking between two co-workers to promote physical activity in the workplace. 

The proposed PCFT strategy was implemented via a mobile application (Mi-fit) 

accompanied by an activity tracker (Mi-band) in two ways. First, each dyad of co-

workers set a collective goal for daily fitness. Second, the Mi-fit app enabled a social 

connection so that co-workers could share activity records and interact with each 

other. The effectiveness of PCFT was examined by comparing the step data between 

a baseline week, an intervention week, and a post-intervention week. The study 

also investigated the effects of physical proximity between co-workers at work on 

the adoption of PCFT. Our quantitative findings show that the PCFT intervention is 

effective in improving physical activity for the co-located participants, as their step 

data in the PCFT intervention week were significantly higher than the baseline and 

post-intervention weeks. The qualitative findings suggest that PCFT could improve 

participants’ awareness of being physically active, stimulate exchange of knowledge 

to support active lifestyles and facilitate fitness breaks in the work routine. Based 

on these results, we suggest that future PCFT-based fitness applications could be 

designed to incorporate social game mechanics as well as support social presence 

to enhance cooperative bonding and fit better into the work routine of the paired 

PCFT team. 

The two projects, presented in this chapter, focus on leveraging the user-system 

interaction and social interaction respectively to support the adoption of workplace 

fitness promotion. Health informatics systems have been studied extensively at both 

individual and social levels, and have been proven effective in encouraging healthy 

and active lifestyles (e.g., Chen & Pu, 2014; Consolvo et al., 2008, 2009; Lin et al., 

2006). In this chapter, we also provide empirical evidence of their potential benefits 

to health interventions in the workplace. Based on both two projects, additionally, 

we found simple applications of interactive technologies may not be sufficient to 

sustain the improved office vitality. Instead, we need to pay substantial attention 

to merge technical features with the workday context. On the one hand, contextual 
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factors, such as work-related activities, office environments, peer relationships, or 

workplace norms, should be carefully weighed when devoting technologies for 

workplace fitness promotion. For instance, the analysis of student cases suggested 

that system interaction should be integrated into the workflow and the setup of the 

workstation. The PCFT study also revealed that the cooperation in fitness behaviors 

should be fitted to the routine overlap between co-workers. On the other hand, 

we found these contextual factors may also have potential to be embodied by 

the technology as a motivational factor for fitness promotion. For instance, office 

supplies, such as ICT products, chairs, or desks, may be evolved as a user interface to 

facilitate activity tracking and assist some office exercises (e.g., HealthSit). Moreover, 

our second project exemplified that social dynamics among colleagues and other 

work collaborators may be leveraged for improving the feasibility of workplace 

fitness initiatives. In the future, rather than designing technology for single behavior 

change, it could be valuable to explore such ecological view of ‘work or workout’ 

further by developing sociotechnical systems for health promotion that are deeply 

incorporated into office settings.
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7.1 Answering the Research Questions

This research was motivated by a desire to help office workers change their sedentary 

lifestyles because the excessive physical inactivity at work may increase the risks of 

developing various chronic diseases and musculoskeletal injuries, thus threatening 

their physical and psychological well-being. The rapid advance of sensing and HCI 

technologies has great potential to increase the effectiveness of health-promoting 

technologies at workplace. In this thesis, we present our investigations of interactive 

technologies for promoting physical activity in office work. At the very beginning of 

this thesis, we formulated an open question of study, that is: 

How to design interactive technology to facilitate workplace fitness promotion?

To offer some insights into this question, we carried out a literature survey (in 

Chapter 2) to understand the reasons for physical inactivity at work, the previous 

studies on workplace fitness interventions, and the state-of-the-art interactive 

technologies for promoting physical activity. We learned that the rapid penetration 

of labor-saving devices and task-oriented workplace norms are the leading causes of 

sedentary behaviors at work. We found that interweaving different types of physical 

exercises in the work routine could be a pathway to promote office health and 

vitality. We identified that interactive technologies based on motion sensing and 

feedback with digital augmentation, social interactions, and gamifications could 

promote the desired exercise. We also learned that motion-based interactions could 

be embodied casual games and motivational strategies to reduce physical inactivity. 

Additionally, we found that informatics systems could enhance health awareness 

and encourage physical activity with motivational strategies based on user-system 

and social interactions. 

To strike a balance between productivity and vitality, in Chapter 3 we conceptualized 

Work or Workout (WoW), an interventional framework based on the workflow 
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management principles (i.e., the Pomodoro technique and the Ultradian rhythm). 

This framework focuses on promoting physical activity in work breaks as fitness 

interventions. Specifically, WoW suggests fitness breaks in two forms: (a) the booster 

break as a group-based intervention that focuses on reducing the total accumulation of 

sedentary time, and (b) the micro-break as a self-regulated intervention that focuses on 

avoiding prolonged static sitting. Based on the WoW framework, we further focused 

our explorations on designing interactive technology to facilitate exercises during 

fitness breaks and support adherence to workplace fitness initiatives. To address 

such research goals, we specified three research questions to explore. In what 

follows, we present our conclusions on each question, based on the findings from 

the corresponding chapters. 

Answer to RQ1 

How to design motion-based interactive system for facilitating moderate physical 
exercise during booster breaks?

Relate the technical design to a collective office exercise

As an intermission between two working periods, the booster break should be 

accessed casually by office workers to improve their health and wellbeing, as well 

as sustain job satisfaction and productivity (Taylor, 2005). Also, the fitness exercise 

during the booster break should be easily committed by office workers (Taylor et al., 

2011). We selected the shuttle-kick activity, believing it could be well incorporated 

into a booster break, due to its substantial health benefits, its nature to promote 

social dynamics, and the easy setup. As presented in Chapter 4, we developed 

ShuttleKicker, which correlates its motion sensing and exercise feedback to the 

activity mechanism of shuttle-kick. During the booster break, ShuttleKicker can 
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facilitate the participation and engagement of the shuttle-kick game with its 

motion-based interaction. Similar to shuttle-kick, physical activity features in socially 

interactive, casual setup, and recreational, may have potential to be leveraged as 

collective physical exercises, e.g., hacky sack, tai chi, table tennis, etc. Also, some of 

the exercises have been investigated with motion-based interactions extensively for 

enhancing exercise balancing (Altimira, Clarke, Lee, Billinghurst, & Bartneck, 2017), 

engagement (Ishii et al., 1999), and participation (Mueller et al., 2012). In the future, 

it is also worth to explore adapting these physical exercises and related interactive 

technologies into office settings to promote fitness booster breaks. 

Associate social mechanisms with customized incentive schemes

In the first iteration of ShuttleKicker, the prototype was equipped with a set of social 

interfaces, based on two popular social mechanisms of persuasive technology: 

cooperation and competition. On the one hand, we found that these social 

mechanisms have the potential to encourage the participatory exercise among 

office workers. On the other hand, our participants at sportive and sedentary fitness 

levels had different expectations towards enriching the social aspect of a collective 

physical exercise. For instance, the sportive workers expected the skill-matching goal 

in their cooperative fitness and the reward system for sustaining their competition 

with other groups. In contrast, the sedentary workers expected the intragroup 

cooperation and intergroup competition with more playful interactions and positive 

feedback. Previous research suggested that applying incentive schemes (e.g., 

reward, praise, social recognition, etc.) can serve as a kind of persuasive technology 

to encourage physical activity (Consolvo et al., 2009)e. We think customizing these 

extrinsic stimuli, based on different motivations of office workers, can help strengthen 

the effectiveness of social interactions in supporting the active participation of the 

collective office exercise during booster breaks. 
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Map the digital augmentation to the activity setting and exercise flow

The digital augmentation for supporting the engagement of booster breaks have 

been explored in both two iterations of the ShuttleKicker study. From the first 

iteration, we learned that the auditory feedback was more viable than the visual 

feedback in augmenting the shuttle-kick activity. This could be attributed to the 

reason that unlike looking at visualizations projected on a wall, participants did not 

need literal actions and mental efforts to understand the meaning of the sound 

during the exercise. In the second iteration, we further investigated the auditory 

feedback by combining its real-time interactivity with gamified sound clips, which 

resulted in improved exercise experience. Furthermore, we found that office workers 

would gain a more engaging exercise experience if the auditory feedback could be 

better aligned with the progress of the shuttle-kick activity. According to Stienstra 

(2016), the mismatch between the digital feedback and the exercise can distract 

users’ attention on the activity and influence their engagement. Based on these 

findings, we suggest that the motion-based interactions should be designed to 

provide activity feedback according to the setup and the progress of the collective 

office exercise to support engagement of booster breaks. 

Answer to RQ2

How to design motion-based interactive system be designed for facilitating low-effort 
fitness training during micro-breaks?

Blend low-effort desk exercise into office work

Within one continuous working period, taking a micro-break with a small bout of 

low-effort exercise may not increase the fitness levels a lot but can be beneficial to 

eliminate the adverse impact from inactive sitting. In Chapter 5, we selected the 

seated lower-back stretch as a micro-break exercise to study, as this exercise is easy to 
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perform and can contribute to improved psychological state and muscular activation 

(Wynne-Jones et al., 2014). We developed HealthSit, a posture-based interactive 

system to facilitate this micro break exercise. HealthSit was designed with two 

considerations. Firstly, during office work, HealthSit tracks user’s sedentary behaviors 

and prompts micro-breaks as a self-regulated intervention. Secondly, during micro-

breaks, HealthSit assists the exercise flow with audio-visual guidance and feedback 

and provides ‘challenge and reward’ based on the exercise performance. Based on 

that flat-film pressure sensors embedded in the office chair, HealthSit becomes not 

only an unobtrusive sensing tool that collects the health-related data but also an 

interactive interface to facilitate health-promoting activities. Such strategies lower 

the threshold of performing physical activity at the workstation and enable an easy 

way of self-regulation between work and workout. Following these insights, we 

suggest motion-based interactive system should adapt its sensing and feedback to 

the working context to blend fitness micro-breaks into the daily work routine. 

Design the system interactivity and gamification in simplicity

The real-time interactivity and game mechanics of motion-based interactive systems 

have been examined effectively on enhancing the motivation and engagement 

related to the exercise (e.g., Yim & Graham, 2007). Micro-breaks with low-effort 

physical activity are designed to help office workers to unwind mentally and relax 

physically (Healy et al., 2008). The system interactivity and game elements involved 

in HealthSit are designed for low levels of effort to learn and follow, as well as easy to 

transition back to work. The audio-visual feedback directly maps to the user’s postures 

to the visual animations and sound shifts between the left and right channels. The 

exergaming comprises a simple challenge mechanism with a flexible stretch hold 

time and an immediate reward by upgrading the level of a virtual badge based on 

performance. The user study of HealthSit proved the effectiveness of its interactions 

in facilitating the lower-back stretch and enhancing the exercise experience. 
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Meanwhile, its interaction and game mechanics in simplicity also showed great 

potential in providing emotional and cognitive benefits to office work in the long 

term. Based on our findings, we suggest motion-based interactions should leverage 

the interactivity and gamification and keep their formats in simplicity to promote 

small bouts of desk-based fitness and relaxation exercise, without overburdening 

both micro-breaks and office work. 

Answer to RQ3

How to design interaction features of health informatics for supporting office workers’ 
adherence to workplace fitness initiatives?

In Chapters 3 and 4, we designed fitness-promoting technologies with motion-

based interactions to facilitate group-based and self-regulated fitness interventions 

in the research context of WoW. Also, we evaluated their feasibility in promoting 

fitness breaks. To make these interventions actually work in the daily work routine, 

additionally, we need to link these interventions with office work and support 

the transition between work and workout. We also need to sustain office workers’ 

motivation of adhering to those interventions at work. In Chapter 6, we explored 

health informatics at levels of system-user interaction and social interaction to 

support the motivation for adopting workplace fitness initiatives.   

Merge persuasive features with office settings

As the first project of Chapter 6, we analyzed three student design cases of peripheral 

displays for introducing and inserting fitness micro-breaks into the office work 

routine. Previous research suggested peripheral displays for health behavior change 

should be designed with abstract data visualization, unobtrusive feedback, suitable 

for a public environment, and aesthetically appealing to the user (Jafarinaimi et 

al., 2005). Our analysis of student design cases indicated that, for office vitality, the 
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design principles mentioned above should be applied following the characteristics 

and dynamics of office settings. For instance, we found that the unobtrusive 

feedback mechanism should be integrated into the setup of a workstation to 

effectively provide health-related information and avoid interrupting office 

work. Also, the data visualization should be designed for clarity without requiring 

too much effort to understand during the information work. For the long-term 

adoption, the system should also be adaptive to the working context and individual 

differences. In the second project at the social level, similarly, our study indicated 

that the collaborative physical activity between co-workers should be adaptive and 

adjustable to their work routines and mutual interactions. To sustain office workers’ 

motivation in fitness promotion, therefore, we suggest the persuasive features of 

fitness-promoting technologies should be designed and implemented based on the 

office environment and the workday context.   

Transform elements from work into motivational factors for a workout

In addition to merging system- and social-interactions with office settings, we 

also provided empirical evidence that workplace elements (e.g., office facilities, 

spatial setup, colleagueship) could be leveraged as persuasive strategies for fitness 

promotion. In the second project of Chapter 6, for instance, we utilized peer 

bonding between co-workers and their daily social interaction at work as a tool 

to promote mutual physical exercises. Moreover, we investigated the effects of 

physical proximity between co-workers in their adoption of the cooperative fitness 

intervention. Through a comparative field study, we found the peer bonding and 

close proximity could jointly improve fitness levels and encourage active lifestyles 

among office workers. Another example from this thesis can be the hardware design 

of HealthSit, which turns an office chair into a tracking system for fitness promotion 

(Ren et al., 2018). Such strategy of leveraging office supplies for fitness promotion 

was also perceived appealing by our participants. Based on these findings, therefore, 
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we suggest interactive technology for supporting adherence to workplace fitness 

promotion could further explore embracing work elements (e.g., social, physical, 

environmental features) into the system as motivational strategies.

7.2 Limitations 

Our research presented in this thesis has a few limitations. First, in this thesis we 

focus on the design and evaluations of interactive technologies to facilitate fitness 

booster breaks (in Chapter 4) and promote fitness micro-breaks (in Chapters 5 

and 6) in the context of WoW. However, the effectiveness of these technologies as 

everyday objects for activating WoW and improving office vitality has not yet been 

investigated. It might be interesting to conduct a field study in the real workplace 

based on our prototypes, instead of using them as a research tool for the lab-based 

experiment. 

Second, our user studies presented in Chapters 4, 5, and 6 were conducted in a 

specific office setting over relatively short periods, which might not be adequate 

to prove the effectiveness of our designs and strategies on promoting systemic 

behavior change in the long-term (Klasnja et al., 2011). We need to cautiously 

interpret implications derived from our studies when applying our findings to a 

wider population of office workers. In the future, it is necessary to conduct long-term 

studies with office workers from a variety of occupations. 

7.3 Reflection for Future Work

In this thesis, we present a series of design and research that seek answers to our 

research questions. During this journey, we designed interactive technologies for 

facilitating fitness promotion, conducted user studies in the lab and field, analyzed 
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the quantitative and qualitative data, and discussed the empirical findings of our 

research. In the previous sections of this chapter, we summarized rich insights 

about design considerations in response to our research challenge: “How to design 
interactive technology for workplace fitness promotion?” Although we cannot draw 

definitive answers to such a question, we believe the lessons learned from our work 

can contribute to the future development of interactive technologies for improved 

office vitality. In this section, we reflect on our explorations and share our insights 

to inform future research. By looking back at our research and design process in 

Chapters 3, 4, 5, and 6,  we indicate four suggestions for further studies on relevant 

topics. 

Weave the ‘work or workout’ rhythm into the office work schedule 

In Chapter 3, based on the work management principles, WoW was proposed with 

booster breaks and micro-breaks that are regularly distributed in the work routine. 

For this thesis, such setup of the framework was mainly applied to facilitate our 

investigations of workplace fitness-promoting technologies. In the real workaday 

context, the interactions and intersections between working periods and work-break 

periods can be very dynamic (Epstein, Avrahami, & Biehl, 2016). We have also noticed 

this from the user study of NOTI-ME (subsection 6.2.3) that participants opted to take 

fitness micro-breaks in accordance to their feasible time at work, instead of having 

the fixed time slots planned in advance. One recent research by Luo and colleagues 

(2018) suggested creating the rhythm between work and break to support the health 

habit formation in the work routine. We think our WoW framework provided a basis 

to explore the dynamic placement and duration of fitness breaks for creating the 

‘work or workout’ rhythm. Our HealthSit systems and associated system reminders 

could be implemented further and deployed in the field for a longer time to help 

explore the ‘work or workout’ rhythm in office work. 
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Evolve socio-environmental settings to promote booster breaks

In Chapter 4, we have found that the exercise engagement during the booster 

break would be further improved through the multisensory experience enabled 

by wraparound sensing and feedback in the workspace. Additionally, the incentive 

schemes for encouraging the active participation of collective physical activity 

may need to incorporate into service systems and health programs (Gorm & 

Shklovski, 2016b). These lessons suggest that beyond investigating the interactive 

technology itself, the socio-environmental settings should also be designed and 

leveraged for promoting fitness breaks. First, there could be a specific room in the 

workplace devoted to recreational exercise during booster breaks. The room could 

be equipped with an immersive experience system to engage office workers with 

the exercise. Second, the adoption of booster break activities could be further 

facilitated by organizational support in the workplace. For instance, the employees 

might use their ‘rewards’ gained from booster breaks to exchange health supplies, 

e.g., a healthy meal or a sport club membership, etc. In the long term, those extrinsic 

incentives may help office workers adhere to fitness interventions meanwhile 

change behaviors and attitudes towards healthier lifestyles. 

Form self-regulated micro-breaks into routine habits at work 

In Chapter 5, we have suggested that the exercise mechanism and the fitness-

promoting technology should be integrated into the work routine and office 

environment to facilitate self-regulation for health improvements. There could be 

two ways to foster fitness micro-breaks in the work routine. One effective way can 

be supporting office workers to perform the target behavior through repeated 

exercise (Stawarz, Cox, & Blandford, 2015). To strengthen the self-regulation, future 

systems can support office workers to keep up frequent micro-break activities by 

prompting breaks, assisting exercise flows, and rewarding the performance. Second, 
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fitness-promoting technology could be designed to align micro-break activities with 

routine behaviors. For instance, we could design a new interaction mechanism for 

the HealthSit system to facilitate and augment fidgeting behaviors in office work as 

desk exercises. 

Leverage motivational strategies to empower WoW interventions

In Chapter 6, we have investigated contextual factors, such as social bonding 

and the interpersonal distance between co-workers, as motivational strategies to 

support workplace fitness initiatives. Yet, in this project, we did not combine such 

motivational strategies with our fitness interventions and the research context 

of WoW. We still need to conduct further studies to develop different interactive 

technologies into one fitness-promoting system to support the ‘work or workout’ 

rhythm. Following our design insights, we could explore further associating 

persuasive design with contextual factors as motivational strategies for fitness 

promotion. These motivational strategies could be finally incorporated into the 

fitness-promoting system. As such, WoW-based interventions could be kick-started, 

connected, and facilitated in the work routine to sustain the improved office vitality. 

7.4 Summary of Contributions

This thesis makes the following contributions to occupational health and HCI design 

and research for fitness promotion: 

In Chapter 3, we provided an interventional framework called Work or Workout (WoW), 

based on the workflow management principles. As explored and demonstrated by 

Chapters 4, 5, and 6, this framework can provide a new perspective to office vitality 

and HCI for health to facilitate the design and development of fitness-promoting 

technologies. 
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In Chapter 4, we developed ShuttleKicker, a motion-based interactive system that can 

facilitate the collective shuttle-kick activity. The prototypes of ShuttleKicker could be 

considered as a workplace technology to facilitate group-based fitness intervention. 

Also, the two iterations of ShuttleKicker were used as research probes to explore 

social mechanisms and digital augmentation for enhancing the participation and 

engagement of fitness booster breaks. 

In Chapter 5, we designed HealthSit, a posture-based interactive system that can 

facilitate lower-back stretching exercise at the desk in office work. The system 

interactivity of HealthSit was found effective in enhancing exercise efficacy, user 

experience and psychological benefits as a self-regulated intervention. We already 

saw the potential to introduce HealthSit into different workplaces for reducing 

sedentary behaviors and promoting desk exercises. For example, HealthSit was also 

applied in an EU-funded office vitality research program (fitwork, 2017) to support 

fitness interventions in a clothing company (in Italy) and an engineering company 

(in Poland) respectively. 

In Chapter 6, we explored the effectiveness of peripheral displays and cooperative 

tracking on supporting adherence to fitness practices in the workplace. Our findings 

in two projects extended the existing research from Calm Technology and CSCW to 

the application domain of occupational health and office vitality.
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Appendix A

1 - The Pre-Study Questionnaire Used in ShuttleKicker(s)

 Gender: _____    Age: _____   job: _____ 

How much you know about shuttle-kick?

______________________________________________________________________

How often have you played shuttle-kick?

______________________________________________________________________

What are the max. repetitions for you in one set shuttle-kick?

______________________________________________________________________

For each of the following questions, please circle Yes or No. Be sure to follow the 

instructions carefully. Physical activity or exercise includes activities such as walking 

briskly, jogging, bicycling, swimming, or any other activity in which the exertion is at 

least as intense as these activities.

       I am currently physically active.

       I intend to become more physically active in the next six months. 

For activity to be regular, it must add up to a total of 30 minutes or more per day and 

be done at least five days per week. For example, you could take one 30-minute walk 

or take three 10-minute walks for a total of 30 minutes.

       I currently engage in regular physical activity. 

       I have been regularly physically active for the past six months. 

 No Yes

 No Yes

 No Yes

 No Yes
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2 - The Protocol for Observers in the ShuttleKicker(s) Study

Before write something on this archive, please note the number of the group that you 

will observe: _______________

From now on you will start to do observation. Meanwhile you need to write down what 

you noticed according to each question. Just write the answer below each question.

1. To what extent they communicate with each other during the entire activity?

2. Do they always see the visual projected on the wall? If they do, when did they see 

the screen during the game (e.g. when the game is over, when they kick the shuttle, 

when the others kick the shuttle, etc.)?

3. Do they talk about the sounds from the app during the game?

4. Do they talk about their score during the game? If so, what they have talked about 

the score? Do they see their score from the screen? If they do, when?

5. Are they at the same level of shuttle-kick? Is there anyone did less well than the 

others? If so, does his/her teammates show anything different to the player (e.g. 

unsatisfied, lough at, less pass to the player, etc.)? Does the player him/herself show 

anything unconfident during the game?

6. Is there anything implies they do excellent on cooperation during the game?

7. Do they involve in the activity?

8. Do you see anything interesting on their facial expression during the game? 
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3 - The Pre-Study Questionnaire Used in ShuttleKicker(+) 

 Gender: _____    Age: _____   job: _____ 

How much you know about shuttle-kick?

______________________________________________________________________

How often have you played shuttle-kick?

______________________________________________________________________

How do you rate your skill in shuttle-kick?

For each of the following questions, please circle Yes or No. Be sure to follow the 

instructions carefully. Physical activity or exercise includes activities such as walking 

briskly, jogging, bicycling, swimming, or any other activity in which the exertion is at 

least as intense as these activities.

       I am currently physically active.

       I intend to become more physically active in the next six months. 

For activity to be regular, it must add up to a total of 30 minutes or more per day and 

be done at least five days per week. For example, you could take one 30-minute walk 

or take three 10-minute walks for a total of 30 minutes.

       I currently engage in regular physical activity. 

       I have been regularly physically active for the past six months. 

 No Yes

  

 No Yes

 No Yes

 No Yes

1 - beginner 2 - intermediate 3 - expert
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4 - The Post-Study Questionnaire Used in ShuttleKicker(+) 

Please assess the shuttle you have interacted with by ticking one circle per line.
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1 - The Borg RPE Questionnaire Used in the HealthSit 
Study 

How would you like to rate your level of exertion during the exercise just now?
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2 - The Intrinsic Motivation Inventory Used in the HealthSit 
Study 

Please rate your experience of doing the weight-shifting exercise today. For 
each of the following statements, please indicate how true it is for you, using the 
following scale:        

              1                       2                         3                    4               5               6                 7

 not at all                             somewhat true                     true                          very true

1. While I was working on the task I was thinking about how much I enjoyed it. 

2. I did not feel at all nervous about doing the task.

3. I put a lot of effort into this activity. 

4. I believe that doing this activity could be of some value for me. 

5. I think I am pretty good at this task. 

6. I found the task very interesting.

 7. I felt tense while doing the task. 

8. I think that doing this activity is useful for improving my performance on work tasks. 

31 542 6 7
very truenot at all

31 542 6 7
very truenot at all

31 542 6 7
very truenot at all

31 542 6 7
very truenot at all

31 542 6 7
very truenot at all

31 542 6 7
very truenot at all

31 542 6 7
very truenot at all

31 542 6 7
very truenot at all



203

9. I think I did pretty well at this activity, compared to others. 

10. Doing the task was fun. 

11. I felt relaxed while doing the task. 

12. I think this activity is important for my health and wellbeing. 

13. I enjoyed doing the task very much. 

14. I didn’t try very hard to do well at this activity. 

15. I would be willing to do this again because it has some value to me. 

16. I am satisfied with my performance at this task. 

17. I was anxious while doing the task. 

18. I thought the task was very boring.

19. It was important to me to do well at this task. 

20. I think doing this activity could help me to relieve from work. 

31 542 6 7
very truenot at all

31 542 6 7
very truenot at all

31 542 6 7
very truenot at all

31 542 6 7
very truenot at all

31 542 6 7
very truenot at all

31 542 6 7
very truenot at all

31 542 6 7
very truenot at all

31 542 6 7
very truenot at all

31 542 6 7
very truenot at all

31 542 6 7
very truenot at all

31 542 6 7
very truenot at all

31 542 6 7
very truenot at all
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 21. I felt pretty skilled at this task. 

22. I thought the task was very interesting. 

23. I felt pressured while doing the task. 

24. I didn’t put much energy into this activity. 

25. I believe doing this activity could be beneficial to me. 

26. I would describe the task as very enjoyable. 

27. I tried very hard on this activity. 

28. I think this is an important activity. 

29. After working at this task for a while, I felt pretty competent. 

31 542 6 7
very truenot at all

31 542 6 7
very truenot at all

31 542 6 7
very truenot at all

31 542 6 7
very truenot at all

31 542 6 7
very truenot at all

31 542 6 7
very truenot at all

31 542 6 7
very truenot at all

31 542 6 7
very truenot at all

31 542 6 7
very truenot at all
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3 - The NASA Task load Index Used in the HealthSit Study

4 - The NASA Task load Index Used in the HealthSit Study

Valence

Arousal

Dominance
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Appendix C

The Pre-Study Survey Used in the PCFT Study (Section 6.2)

 Gender: _____    Age: _____   job: _____ 

On average, how many hours you work in the office during the working day?

______________________________________________________________________

For each of the following questions, please circle Yes or No. Be sure to follow the 

instructions carefully. Physical activity or exercise includes activities such as walking 

briskly, jogging, bicycling, swimming, or any other activity in which the exertion is at 

least as intense as these activities.

       I am currently physically active.

       I intend to become more physically active in the next six months. 

For activity to be regular, it must add up to a total of 30 minutes or more per day and 

be done at least five days per week. For example, you could take one 30-minute walk 

or take three 10-minute walks for a total of 30 minutes.

       I currently engage in regular physical activity. 

       I have been regularly physically active for the past six months. 

 No Yes

 No Yes

 No Yes

 No Yes
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